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NOTICE
SECTION I: USE OF THE CLINICAL PRACTICE GUIDELINES AND CLINICAL
PRACTICE RECOMMENDATIONS

These Clinical Practice Guidelines (CPGs) and Clinical Practice Recommendations
(CPRs) are based upon the best information available at the time of publication. They are
designed to provide information and assist decision making. They are not intended to define
a standard of care and should not be construed as one. Neither should they be interpreted as
prescribing an exclusive course of management.

Variations in practice will inevitably and appropriately occur when clinicians take into
account the needs of individual patients, available resources, and limitations unique to an
institution or type of practice. Every health care professional making use of these CPGs and
CPRs is responsible for evaluating the appropriateness of applying them in the setting of any
particular clinical situation. The recommendations for research contained within this
document are general and do not imply a specific protocol.

SECTION II: DISCLOSURE

The National Kidney Foundation (NKF) makes every effort to avoid any actual or
potential conflicts of interest that may arise as a result of an outside relationship or a
personal, professional, or business interest of a member of the Work Group.

Specifically, all members of the Work Group are required to complete, sign, and submit a
Disclosure Questionnaire showing all such relationships that might be perceived as real or
potential conflicts of interest. All affiliations are published in their entirety at the end of this
publication in the Work Group members’ biographical sketch and are on file at the NKF.

In citing this document, the following format should be used: National Kidney Foundation. KDOQI™
Clinical Practice Guidelines and Clinical Practice Recommendations for Diabetes and Chronic Kidney
Disease. Am J Kidney Dis 49:S1-S180, 2007 (suppl 2)

Support for the development of the KDOQI Clinical Practice Guidelines and Clinical
Practice Recommendations for Diabetes and Chronic Kidney Disease was provided by:

and

The National Kidney Foundation gratefully acknowledges the following implementation
sponsors:

Additional support for implementation was provided by Takeda Pharmaceuticals.
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Abbreviations and Acronyms
� Change

1°Pr Primary prevention
2°Ir Secondary intervention
4D Deutsche Diabetes Dialyse Studie

ABCD Appropriate Blood Pressure Control in Diabetes
ACC American College of Cardiology

ACCORD Action to Control Cardiovascular Risk in Diabetes
ACE Angiotensin-converting enzyme

ACE-I Angiotensin-converting enzyme inhibitor
ACR Albumin-creatinine ratio
ADA American Diabetes Association
AER Albumin excretion rate

AG Atubular glomeruli
AHA American Heart Association

Alb Albuminuria
ALLHAT Antihypertensive and Lipid-Lowering Treatment to Prevent Heart

Attack Trial
ANP Atrial natriuretic peptide
ARB Angiotensin receptor blocker
ARR Absolute risk reduction

ATP III National Cholesterol Education Program Adult Treatment Panel
III

AURORA A study to evaluate the use of Rosuvastatin in subjects on regular
hemodialysis: an assessment of survival and cardiovascular
events

BENEDICT Bergamo Nephrologic Diabetes Complications Trial
BMI Body mass index

BorderlineAlb Borderline albuminuria
BP Blood pressure

CAD Coronary artery disease
CARDS Collaborative Atorvastatin Diabetes Study

CARE Cholesterol and Recurrent Events
CCB Calcium channel blocker
CCr Creatinine clearance

CI Confidence interval
CIT Conventional insulin injection therapy

CKD Chronic kidney disease
CORAL Cardiovascular Outcomes in Renal Atherosclerotic Lesions
COX-2 Cyclooxygenase-2

CPG Clinical Practice Guideline
CPR Clinical Practice Recommendation

Cr Creatinine
CREATE Clinical Trial of Reviparin and Metabolic Modulation in Acute

Myocardial Infarction Treatment Evaluation
CR-LIPE Carbohydrate-restricted, low iron-available, polyphenol-enriched

diet
CSG Collaborative Study Group

CT Computed tomography
CV Coefficient of variation
CVD Cardiovascular disease
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CYP Cytochrome P-450
DALY Disability-adjusted life-year
DASH Dietary Approaches to Stop Hypertension

DBP Diastolic blood pressure
DCCT The Diabetes Control and Complications Trial

DCCT/EDIC Diabetes Control and Complications Trial/Epidemiology of Dia-
betes Interventions and Complications

ddAVP 1-Deamino-8-D-arginine
DETES Diabetics Exposed to Telmisartan and Enalapril Study Group

DGS Diabetic glomerulosclerosis
DHA Docosahexaenoic acid

DHP-CCB Dihydropyridine calcium channel blocker
DIABHYCAR Noninsulin-dependent diabetes, hypertension, microalbuminuria

or proteinuria, cardiovascular events, and ramipril
DIAD Detection of Ischemia in Asymptomatic Diabetics

DIGAMI Diabetes Mellitus Insulin-Glucose Infusion in Acute Myocardial
Infarction

DKD Diabetic kidney disease
DM Diabetes mellitus

DPP-4 Dipeptidyl peptidase-4
ECG Electrocardiogram

ECLA Estudios Cardiologicas Latin America Study Group
EDIC Epidemiology of Diabetes Interventions and Complications
eGFR Estimated glomerular filtration rate

EPA Eicosapentaenoic acid
ESRD End-stage renal disease

FBS Fasting blood sugar
FDA Food and Drug Administration
FPW Foot process width on the mesangial surface
GBM Glomerular basement membrane

GEMINI Glycemic Effects in Diabetes Mellitus: Carvedilol-Metoprolol
Comparison in Hypertensives

GFR Glomerular filtration rate
GIK Glucose-insulin-potassium infusion

glom Glomerulus
GLP-1 Glucagon-like-peptide-1

GlycoHb Glycohemoglobin
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HbA1c Hemoglobin A1c

HD Hemodialysis
HDL-C High-density lipoprotein cholesterol

HIV/AIDS Human Immunodeficiency Virus/Acquired Immunodeficiency
Syndrome

HOPE Heart Outcomes Prevention Evaluation
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HR Hazard ratio
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ICU Intensive care unit
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IDNT Irbesartan Diabetic Nephropathy Trial
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Detection, Evaluation, and Treatment of High Blood Pressure
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LPD Lower-protein diet
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MacroAlb Macroalbuminuria
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MicroAlb Microalbuminuria
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N Number of subjects
NCEP National Cholesterol Education Program
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NIH National Institutes of Health
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NS Not significant
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OR Odds ratio

P Proteinuria
PCI Percutaneous coronary intervention
PCr Plasma creatinine
PO By mouth, orally

PPP Pravastatin Pooling Project
PPV Positive predictive value

PRESTO Prevention of Restenosis with Tranilast and its Outcomes
PROactive Prospective Pioglitazone Clinical Trial in Macrovascular Events
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qd Daily
QOL Quality of life
RAS Renin-angiotensin system
RCN Radiocontrast-induced nephropathy
RCT Randomized controlled trial
RDA Recommended daily allowance
RDS Respiratory distress syndrome
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SCr Serum creatinine (mg/dL)
SFA Saturated fatty acids
SG Globally sclerosed glomeruli

SGA Small for gestational age
SHARP Study of Heart and Renal Protection
SMBG Self-monitoring of blood glucose

Sn Sensitivity
SOLVD Studies Of Left Ventricular Dysfunction

Sp Specificity
Sv(PGBM/glom) Surface density of peripheral GBM per glomerulus

SvME Mesangial to epithelial interface
T Total kidney cortex

TBM Tubular basement membrane
TC Total cholesterol

TNT Treating to New Targets
TZD Thiazolidinedione
UAE Urinary albumin excretion

UKPDS UK Prospective Diabetes Study
UPD Usual/higher protein diet

USRDS United States Renal Data System
VA Veterans Affairs

VLDL Very low-density lipoprotein
vs Versus

Vv(AT/cortex) Volume fraction of atrophic tubules per cortex
Vv(Int/cortex) Volume fraction of cortical interstitium

v(Interstitium/tubulointerstitium) Volume fraction of interstitium
Vv(MC/glom) Volume fraction of mesangial cells per glomerulus
Vv(Mes/glom) Volume fraction of mesangium per glomerulus

Vv(MM) Volume fraction of mesangial matrix
Vv(MM/glom) Volume fraction of mesangial matrix per glomerulus
Vv(PT/cortex) Volume fraction of proximal tubules

WHO World Health Organization
WOSCOP West of Scotland Coronary Prevention Study



Diabetes and Chronic Kidney Disease
Work Group Membership
Work Group Co-Chairs
Robert G. Nelson, MD, PhD
National Institutes of Health

Phoenix, AZ
Work G

Bethesda, MD

Gowri Raman, MD, Ass

Ashish Mahajan, MD, MPH
Katherine R. Tuttle, MD
Providence Medical Research Center

University of Washington School of Medicine

Spokane, WA
roup
Pablo Aschner, MD
Javeriana University School of Medicine

Bogota, Colombia

George L. Bakris, MD
University of Chicago-Pritzker School of Medicine

Chicago, IL

Rudy W. Bilous, MD
The James Cook University Hospital

Middlesbrough, UK

M. Luiza Caramori, MD, MSc, PhD
University of Minnesota Medical School

Minneapolis, MN

D. Jordi Goldstein-Fuchs, DSc, RD
University of Nevada School of Medicine

Reno, NV

S. Michael Mauer, MD
University of Minnesota Medical School

Minneapolis, MN

Mark E. Molitch, MD
Northwestern University Feinberg School of Medicine

Chicago, IL

Andrew Narva, MD
National Institute of Diabetes and Digestive

and Kidney Diseases
Michelle M. Richardson, PharmD, BCPS
Tufts–New England Medical Center

Boston, MA

Mary Ann Sevick, ScD, RN
University of Pittsburgh

Pittsburgh, PA

Michael Shlipak, MD
University of California San Francisco

San Francisco, CA

Christoph Wanner, MD
University Clinic Würzburg

Würzburg, Germany

Liaisons:
Jeffrey A. Cutler, MD, MPH

National Heart, Lung and Blood Institute
Bethesda, MD

Thomas H. Hostetter, MD
Albert Einstein College of Medicine

Bronx, NY

Marc A. Pfeffer, MD, PhD
Harvard Medical School

Brigham Women’s Hospital
Boston, MA
Evidence Review Team

National Kidney Foundation Center for Guideline Development and Implementation
at Tufts-New England Medical Center, Boston, MA

Ethan Balk, MD, MPH, Evidence Review Team Project Director and Co-Director
Katrin Uhlig, MD, MS, Co-Director, Program Director, Nephrology
istant Project Director
Priscilla Chew, MPH
Amy Earley, BS
Rebecca Persson, BA
Christina Kwack Yuhan, MD
In addition, support and supervision were provided by:

Joseph Lau, MD, Program Director, Evidence Based Medicine
Andrew S. Levey, MD, Center Director



B
P
A
P
W
B
C
K
M
C
D
L
R
M
W

K
A
R

KDOQI™ Advisory Board Members
Adeera Levin, MD, FACP
KDOQI™ Chair

Michael Rocco, MD, MSCE

KDOQI™ Vice-Chair
Garabed Eknoyan, MD

KDOQI™ Co-Chair Emeritus

illiam Mitch, MD

G
R
B
N
C
R
N
D
W
S

E
J
A

KDOQI™ Guideline D

D
M
M

Nathan Levin, MD, FACP

KDOQI™ Co-Chair Emeritus
ryan Becker, MD
eter G. Blake, MD, FRCPC, MBB.Ch
llan J. Collins, MD, FACP
eter W. Crooks, MD
illiam E. Haley, MD
ertrand L. Jaber, MD
ynda Ann Johnson, MD, MBA
arren King, MSW, ACSW, LCSW
ichael J. Klag, MD, MPH
raig B. Langman, MD
errick Latos, MD
inda McCann, RD, LD, CSR
avindra L. Mehta, MD, FACP
aureen Michael, BSN, MBA
regorio Obrador, MD, MPH
ulan S. Parekh, MD, MS
rian J.G. Pereira, MD, DM
eil R. Powe, MD
laudio Ronco, MD
aymond Vanholder, MD, PhD
anette Kass Wenger, MD, MACP
avid Wheeler, MD, MRCP
infred W. Williams, Jr, MD

huin-Lin Yang, MD

x-Officio
osephine Briggs, MD
llan Collins, MD
evelopment Staff
erry Willis, PhD
nthony Gucciardo
ichard Milburn
onna Fingerhut
argaret Fiorarancio
ichael Cheung



T
C
t
K
l
e
c
C

c
c
i
a
r
a
p
C

n
d
h
c
i
c
d
t
l
b
(
o
s

t

VOL 49, NO 2, SUPPL 2, FEBRUARY 2007

S

Foreword

t
w
b
a

t
p
f
p
a
T
g
t
i
c
m
r
i
g

a
a
a
f
g
g
a
T
N
m
s

i
c
h
i
t

his publication of the Kidney Disease Out-
comes Quality Initiative™ (KDOQI™)

linical Practice Guidelines and Clinical Prac-
ice Recommendations for Diabetes and Chronic
idney Disease (CKD) represents the first guide-

ine that considers the unique aspects of the
valuation, diagnosis, and management of the
omplex patient with both diabetes mellitus and
KD.
Given the epidemic of obesity, diabetes, and

ardiovascular disease and the link to CKD, it is
lear that this guideline will be of immense
mportance to a broad audience of practioners
nd patients. As for all KDOQI™ guidelines, all
elevant epidemiological studies and clinical tri-
ls have been reviewed to ensure a balanced
resentation of the key aspects of diabetes and
KD.
The key points have been made that the combi-

ation of CKD and diabetes is a cardiovascular
isease multiplier, and that these patients are at
igh risk of cardiovascular disease. The unique
hallenges of managing patients and the need to
ntervene early in the course of disease are dis-
ussed within the context of specific recommen-
ations. As in all recent KDOQI™ guidelines,
he difference between clinical practice guide-
ines (which are based on a sound evidentiary
ase) and clinical practice recommendations
which have a less sound evidentiary base, and
n which ongoing research is needed) have been
eparated.

There are some topics within this guideline
hat address special populations (including na-

© 2007 by the National Kidney Foundation, Inc.
0272-6386/07/4902-0101$32.00/0
ldoi:10.1053/j.ajkd.2006.12.004

American Journal of Kidney Dise10
ive populations and pregnant women). These
ere included to ensure that 1 document could
e used by practioners to address frequently
sked key questions.

This guideline has been developed by using
he usual rigorous methods of the KDOQI™
rocess and has involved multiple disciplines
rom both US and international sources. These
erspectives have been invaluable in ensuring

robust document with broad perspective.
his final version of this document has under-
one revision in response to comments during
he public review process, an important and
ntegral part of the KDOQI™ guideline pro-
ess. Nonetheless, as with all guideline docu-
ents, there will be a need in the future for

evision in the light of new evidence and, more
mportantly, a concerted effort to translate the
uidelines into practice.
We hope that this first guideline for the evalu-

tion and management of patients with diabetes
nd kidney disease will foster additional research
nd facilitate implementation of key strategies
or the early identification and treatment of this
rowing population. Implementation is an inte-
ral component of the KDOQI™ process, and it
ccounts for the success of its past guidelines.
he Kidney Learning System component of the
ational Kidney Foundation is developing imple-
entation tools that will be essential to the

uccess of these guidelines.
In a voluntary and multidisciplinary undertak-

ng of this magnitude, many individuals make
ontributions to the final product now in your
ands. It is impossible to acknowledge them
ndividually here, but to each and every one of
hem, we extend our sincerest appreciation. This

imitation notwithstanding, a special debt of grati-

ases, Vol 49, No 2, Suppl 2 (February), 2007: pp S10-S11
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide
ublic health problem affecting more than 50
illion people, and more than 1 million of them

re receiving kidney replacement therapy.1,2 The
ational Kidney Foundation-Kidney Disease
utcomes Quality Initiative™ (NKF-KDOQI™)
linical Practice Guidelines (CPGs) and Clinical
ractice Recommendations (CPRs) on CKD esti-
ates that CKD affects 11% of the US popula-

ion,3 and those affected are at increased risk of
ardiovascular disease (CVD) and kidney fail-
re. Kidney failure represents about 1% of the
revalent cases of CKD in the United States,3

nd the prevalence of kidney failure treated by
ialysis or transplantation is projected to in-
rease from 453,000 in 2003 to 651,000 in
010.3,4

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

ast 10 years, and the CKD population expanded,
s well. Together, they account for 16.5% of
edicare expenditures, nearly double that of 10

ears ago, and the total costs for kidney disease
ow approach 24% of Medicare expenditures.4

growing body of evidence suggests that some
f the adverse outcomes of CKD can be pre-
ented or delayed by preventive measures, early
etection, and treatment.
NKF-KDOQI™ CPGs presently offer strate-

ies to manage hypertension,5 dyslipidemia,6

one disease,7 anemia,8 nutrition,9 and CVD10 in
atients with CKD. The present Guidelines ex-
end the scope of the NKF-KDOQI™ CPGs and
PRs by offering strategies to diagnose and
anage patients with diabetes and CKD.

BACKGROUND

pidemic of Diabetes

Nearly 21 million people in the United States,
r 7% of the population, have diabetes, and about
third of those with diabetes are unaware they

ave the disease. About 5% to 10% of diabetes in
he United States is type 1, which develops as a
onsequence of the body’s failure to produce
nsulin. In some racial and ethnic groups, the
roportion of cases attributable to type 1 diabetes
s even less.11 Most cases of diabetes in the

nited States and elsewhere are type 2, which

merican Journal of Kidney Diseases, Vol 49, No 2, Suppl 2 (Febr
evelops because of the body’s failure to pro-
uce sufficient insulin and properly use the insu-
in it produces. Worldwide, 171 million people
ave diabetes.
Diabetes prevalence is increasing most rapidly

n the developed countries and in developing
ountries undergoing transition from traditional
o modern lifestyles.12,13 In the general US popu-
ation, estimates from national surveys14 show
n 8-fold increase in the prevalence of diagnosed
iabetes between 1958 and 2000. The San Anto-
io Heart Study15 suggests an increasing inci-
ence rate of type 2 diabetes is responsible, in
art, for the increasing prevalence among Mexi-
an Americans and for a borderline significant
rend in non-Hispanic whites. The investigators
ttribute the greater prevalence of diabetes in this
opulation more to the increasing incidence than
o the decrease in cardiovascular mortality re-
orted among people with diabetes nationally.16

ther factors responsible for the increasing preva-
ence of diabetes include changes in diagnostic
riteria, increased public awareness, decreasing
verall mortality, growth in minority popula-
ions, a dramatic increase in the magnitude and
requency of obesity, and the widespread adop-
ion of a sedentary lifestyle.14 Most of the in-
rease in diabetes prevalence is attributable to
ype 2 diabetes, and although much of this in-
rease is occurring in adults, children and adoles-
ents increasingly are affected. However, a world-
ide increase in the incidence of type 1 diabetes

lso has been noted, particularly among children
ounger than 5 years.17

Projections of the future burden of diabetes in
he US population suggest that the prevalence of
iabetes will increase 165% between 2000 and
050, with the greatest increases in the popula-
ion older than 75 years and among African
mericans.18 The global burden of diabetes is

xpected to double between 2000 and 2030, with
he greatest increases in prevalence occurring in
he Middle East, sub-Saharan Africa, and In-
ia.19 Moreover, the development of type 2 dia-
etes during the childbearing years also will

© 2007 by the National Kidney Foundation, Inc.
0272-6386/07/4902-0102$32.00/0

doi:10.1053/j.ajkd.2006.12.005

uary), 2007: pp S13-S19 S13
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Executive SummaryS14
ncrease, primarily in the developing countries
CPR 3, Fig 27).19 Projections regarding the
uture burden of diabetes are based on increasing
ife expectancy, population growth, and progres-
ive urbanization.20 Of growing concern is the
elief that these estimates may be too low be-
ause they do not account for the increasing
requency and magnitude of obesity and other
ajor risk factors for diabetes.
As the population of patients with diabetes of

ong duration grows, reports of a dramatically
ncreasing burden of diabetic kidney disease
DKD) are appearing from developed coun-
ries,21 as well as from Africa,22,23 India,24 the
acific Islands,25 and Asia,26,27 where infectious
isease previously posed the greatest threat28

see CPR 3). Increased risk and more rapid
rogression of DKD29,30 also have been reported
n immigrants from developing to developed
ountries.31,32

PROBLEM OF DIABETES AND CKD

Diabetes is the leading cause of CKD in devel-
ped countries and rapidly is becoming the lead-
ng cause in developing countries as a conse-
uence of the global increase in type 2 diabetes
nd obesity.33 In the United States, microalbumin-
ria is found in 43%, and macroalbuminuria, in
% of those with a history of diabetes.3 More-
ver, diabetes accounts for 45% of prevalent
idney failure, up from 18% in 1980.4

Substantial underdiagnosis of both diabetes
nd CKD leads to lost opportunities for preven-
ion, and inadequate or inappropriate care of
atients with diabetes and CKD may contribute
o disease progression. Nevertheless, diabetes
are has improved as the benefits of meticulous
anagement have become widely accepted and

he use of angiotensin-converting enzyme (ACE)
nhibitors, angiotensin receptor blockers (ARBs),
nd statins has increased in patients with diabe-
es.4 Even so, fewer than 1 in 4 patients with
iabetes receives at least 1 hemoglobin A1c

HbA1c) test, at least 1 lipid test, and at least 1
lucose testing strip each year, reflecting the
eed for better assessment of these high-risk
atients.4

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

ost cases, careful screening of diabetic patients f
an identify people with DKD without the need
or kidney biopsy. DKD is based in part on the
nding of elevated urinary albumin excretion,
hich is divided arbitrarily into: (1) microalbu-
inuria, a modest elevation of albumin thought

o be associated with stable kidney function, but
greater risk of macroalbuminuria and kidney

ailure; and (2) macroalbuminuria, a higher eleva-
ion of albumin associated with progressive de-
line in glomerular filtration rate (GFR), an in-
rease in systemic blood pressure, and a high risk
f kidney failure.
Most professional societies concerned with

iabetes and kidney disease now advocate screen-
ng for microalbuminuria in patients with diabe-
es, and the suggested screening plan, adapted
rom the American Diabetes Association (ADA)
uideline, is shown in Guideline 1, Fig 6.34,35

creening should begin 5 years after diagnosis of
ype 1 diabetes and at the time of diagnosis of
ype 2 diabetes because of the inability to estab-
ish the onset of type 2 diabetes with certainty.
ecause urinary albumin excretion has an intra-

ndividual coefficient of variation (CV) of ap-
roximately 40%,36 multiple positive test results
re required for classification. Definitions of DKD
y albuminuria and stage are shown in Guideline
, Table 6.
Evidence for the usefulness of estimated GFR

eGFR) alone as a screening test for CKD in
iabetes is less secure. Many patients with diabe-
es and CKD may have elevated or high-normal
FRs, particularly in the early years after diagno-

is. Therefore, markers of kidney damage are
equired to detect early stages of CKD; eGFR
lone can only detect CKD stage 3 or worse
Guideline 1, Table 6).

Because diabetes is a common condition, coinci-
ence with other nondiabetic CKD is relatively
requent. Accordingly, evaluation of a person with
typical features should, in selected cases, include
dditional diagnostic testing, depending on the clini-
al presentation. Care should be used in determin-
ng the appropriate diagnostic tests because admin-
stration of radiographic contrast, with or without
ngiography, may pose greater risks in people with
iabetes and CKD than in others.

iabetes, CKD, and CVD

Diabetes is one of the most important risk

actors for CVD. The risk imparted by diabetes
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Executive Summary S15
as been described as a CVD risk equivalent
ecause the likelihood of future events may
pproach that of people without diabetes who
ave already had a myocardial infarction.37 Such
bservations have led to recommendations from
oth the ADA and the American Heart Associa-
ion (AHA) for intensive cardiovascular risk fac-
or management in people with diabetes (Table
).34,38 CKD also imparts an extremely high risk
f CVD. The NKF and the AHA recently issued
uidelines and scientific statements recommend-
ng that people with CKD be considered in the
ighest risk category for CVD.3,39 For those with
oth diabetes and CKD, the outlook is far worse
han for either condition alone because this com-
ination is a powerful predictor of major adverse
ardiovascular events and death. The relation-
hip between CKD severity and risk is continu-
us. People with diabetes and microalbuminuria
ave twice the CVD risk of those with normoalbu-
inuria,40 and as albuminuria increases and GFR

ecreases, CVD risk increases progressively.41-43

n an analysis of patients with type 2 diabetes
rom the UK Prospective Diabetes Study
UKPDS), rates of death and progression to
acroalbuminuria were equal at the microalbu-
inuric stage.41 However, at the macroalbumin-

ric stage, the death rate outpaced the rate of
idney disease progression (Fig 2). More people
ho reach CKD stage 3 will die, primarily of
VD, than progress to kidney failure, especially

f they also have diabetes.3,44

In the Background, a focused review of rela-
ionships among diabetes, CKD, and CVD rel-
vant to people with CKD stages 1 to 4 is
resented. The review includes a discussion of
ntensive risk factor management for the preven-
ion of CVD, the evaluation of coronary heart
isease in patients with diabetes, and medical
anagement and coronary revascularization in

hese patients. Specific recommendations for
KD stage 5 are provided in the NKF-KDOQI™
uidelines for CVD in Dialysis Patients.10

People with diabetes and CKD are at high risk
o both lose kidney function and experience

ajor adverse cardiovascular events (Back-
round, Fig 4). Treatment of risk factors reduces
he likelihood of these outcomes. Fortunately,
reatment strategies are largely shared for reduc-
ng kidney and cardiovascular risks. The present

PGs and CPRs for diabetes and CKD are con- a
istent with those already established for the
reatment of diabetes and CVD by the ADA and
HA.34,38 Goals of the management approaches

ecommended here are intended to mitigate the
evastating consequences of the spectrum of
ascular complications, including kidney, heart,
nd others.

GOALS OF CPG AND CPR PROCESS

These CPGs seek to improve outcomes in
atients with diabetes and CKD by providing
trategies for the diagnosis (Guideline 1) and
anagement (Guidelines 3 to 5 and CPRs 1 to 4)

f CKD in the setting of diabetes and for the
anagement of diabetes in the setting of CKD

Guideline 2). The general treatment of diabetes
s beyond the scope of this guideline and is
ddressed comprehensively in the ADA guide-
ines.34

As part of an evolution in the development of
PGs, the Work Group divided its recommenda-

ions, which are based on a systematic review of
he literature, into a series of Guidelines and
PRs. The Guidelines were based on a consen-

us within the Work Group that the strength of
he evidence was sufficient to make definitive
tatements about appropriate clinical practice.

hen the strength of the evidence was not suffi-
ient to make such statements, the Work Group
ffered CPRs based on the best available evi-
ence and expert opinion. As new data become
vailable, the strength of the evidence for many
f the CPRs may become sufficient for the CPRs
o become CPGs, illustrating the need for recur-
ing reviews and updates of this document. Many
f the research recommendations proposed by
he Work Group were developed with the goal of
trengthening the evidence for the CPRs to deter-
ine whether they should become Guidelines in

he future.
The term “definitive” must be used with cau-

ion, particularly in the context of CPGs. Uncer-
ainty is an immutable element of all scientific
esearch, and the establishment of a Guideline
hould neither preclude nor render unethical fur-
her inquiry. Rather, the establishment of guide-
ines represents an evolving process that seeks to
nsure that each patient receives the best pos-
ible care within the context of presently avail-

ble medical knowledge.
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cope

The target population of these CPGs is pa-
ients with CKD stages 1 to 5, including dialysis
nd transplant patients. However, the emphasis
s on stages 1 to 4 because the evidence in stage 5
s either lacking or addressed in other NKF-
DOQI™ Guidelines. Consideration is given to

he diagnosis, impact, and management of diabe-
es and CKD in children, adults, the elderly,
regnant women, and different racial and ethnic
roups.
The intended readers are practitioners who
anage patients with diabetes and CKD, includ-

ng, but not limited to, primary care providers,
ephrologists, cardiologists, endocrinologists/
iabetologists, physician’s assistants, nurse prac-
itioners, nurses, dietitians, pharmacists, social
orkers, and diabetes educators. By reviewing

cientific evidence from throughout the world,
oordinating our efforts with guideline develop-
ent processes elsewhere, and including in the
ork Group experts from Latin America and

urope, as well as from North America, we
elieve this document has relevance beyond prac-
itioners in North America.

he Value of Multifaceted Intervention

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

Figure 1. Percentage of patients in each group of the S
f 7.8 years.
bbreviation: BP, blood pressure. Reprinted with permissio
es and CKD. In the Steno Study, a multifaceted t
pproach aimed at optimal management for a
roup of risk factors was evaluated in patients
ith type 2 diabetes and microalbuminuria.45,46

he intervention had multiple targets, including
ehavioral modification and pharmacological
herapies for hyperglycemia, hypertension (em-
hasizing renin-angiotensin system [RAS] inhibi-
ors), dyslipidemia, CVD prevention with aspi-
in, and a vitamin/mineral supplement (CPR 2,
able 48). This intensive intervention was com-
ared with usual care. A mean decrease in albu-
inuria (albumin decreased 20 mg/24 h) was

bserved in the intensive-intervention group,
hereas a mean increase occurred in patients in

he usual-care group (albumin increased 30 mg/24
). Albuminuria progression and the composite
utcome of CVD events or death were decreased
n the group treated intensively (CPR 2, Fig 26).
owever, which facets of the intervention are

ssociated with reduced risk is uncertain. Further-
ore, because the intensive intervention in-

reased the use of RAS inhibitors, the contribu-
ion of other treatments is unclear. Despite these
imitations, the Work Group recognizes the impor-
ance of addressing multiple risk factors in an
ntegrated fashion. The incremental effects of a
ultifaceted approach appear to add up to sub-

tantial clinical benefits, even when each of the
herapeutic goals is not met (Fig 1). A long-term,
argeted, intensive intervention involving mul-
iple risk factors and using currently available

tudy who reached the intensive-treatment goals at a mean
teno S
herapeutic agents reduces the risk of cardiovas-
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ular and microvascular events by about 50%
mong patients with type 2 diabetes and mi-
roalbuminuria.45

SUMMARY

Multiple important, but unanswerable, ques-
ions arose during the development of each Guide-
ine and CPR. These questions led to research
ecommendations that should be high priorities
o improve the care of patients with diabetes and
KD. The Work Group recognizes the impor-

ance of bringing new treatments into clinical
esearch for DKD, especially for patients who
ave progressive kidney disease despite the cur-
ent standard of care. Promising treatments, in-
luding novel agents and potential new uses of
xisting agents, are currently in phase 2/3 trials
or DKD. These recommendations and the new
reatments in clinical trials are described in the
esearch Recommendations section.

CPG AND CPR STATEMENTS

Guideline 1: Screening and Diagnosis of
KD
CKD in patients with diabetes may or may

ot represent DKD. In the absence of an
stablished diagnosis, the evaluation of pa-
ients with diabetes and kidney disease should
nclude investigation into the underlying
ause(s).

.1 Patients with diabetes should be screened
annually for DKD. Initial screening should
commence:
● 5 years after the diagnosis of type 1

diabetes; (A) or
● From diagnosis of type 2 diabetes. (B)

1.1.1 Screening should include:
● Measurements of urinary albu-

min-creatinine ratio (ACR) in
a spot urine sample; (B)

● Measurement of serum creati-
nine and estimation of GFR.
(B)

.2 An elevated ACR should be confirmed in
the absence of urinary tract infection
with 2 additional first-void specimens
collected over the next 3 to 6 months. (B)
● Microalbuminuria is defined as an
ACR between 30-300 mg/g.
● Macroalbuminuria is defined as an
ACR > 300 mg/g.

● 2 of 3 samples should fall within the
microalbuminuric or macroalbumin-
uric range to confirm classification.

.3 In most patients with diabetes, CKD
should be attributable to diabetes if:
● Macroalbuminuria is present; (B) or
● Microalbuminuria is present

� in the presence of diabetic retinopa-
thy, (B)

� in type 1 diabetes of at least 10
years’ duration. (A)

.4 Other cause(s) of CKD should be consid-
ered in the presence of any of the follow-
ing circumstances: (B)
● Absence of diabetic retinopathy;
● Low or rapidly decreasing GFR;
● Rapidly increasing proteinuria or ne-

phrotic syndrome;
● Refractory hypertension;
● Presence of active urinary sediment;
● Signs or symptoms of other systemic

disease; or
● >30% reduction in GFR within 2-3

months after initiation of an ACE
inhibitor or ARB.

Guideline 2: Management of
yperglycemia and General Diabetes Care

n CKD
Hyperglycemia, the defining feature of dia-

etes, is a fundamental cause of vascular tar-
et-organ complications, including kidney dis-
ase. Intensive treatment of hyperglycemia
revents DKD and may slow progression of
stablished kidney disease.

.1 Target HbA1c for people with diabetes
should be < 7.0%, irrespective of the
presence or absence of CKD. (A)

Guideline 3: Management of
ypertension in Diabetes and CKD
Most people with diabetes and CKD have

ypertension. Treatment of hypertension slows
he progression of CKD.

.1 Hypertensive people with diabetes and
CKD stages 1-4 should be treated with an
ACE inhibitor or an ARB, usually in

combination with a diuretic. (A)
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.2 Target blood pressure in diabetes and
CKD stages 1-4 should be < 130/80 mm
Hg. (B)

Guideline 4: Management of Dyslipidemia
n Diabetes and CKD

Dyslipidemia is common in people with dia-
etes and CKD. The risk of CVD is greatly

ncreased in this population. People with dia-
etes and CKD should be treated according to
urrent guidelines for high-risk groups.

.1 Target low-density lipoprotein cholesterol
(LDL-C) in people with diabetes and
CKD stages 1-4 should be < 100 mg/dL;
<70 mg/dL is a therapeutic option. (B)

.2 People with diabetes, CKD stages 1-4, and
LDL-C > 100 mg/dL should be treated
with a statin. (B)

.3 Treatment with a statin should not be
initiated in patients with type 2 diabetes
on maintenance hemodialysis therapy who
do not have a specific cardiovascular
indication for treatment. (A)

Guideline 5: Nutritional Management in
iabetes and CKD
Management of diabetes and CKD should

nclude nutritional intervention. Dietary modi-
cations may reduce the progression of CKD.

.1 Target dietary protein intake for people
with diabetes and CKD stages 1-4 should
be the recommended daily allowance
(RDA) of 0.8 g/kg body weight per day.
(B)

CPR 1: Management of Albuminuria in
ormotensive Patients With Diabetes and
lbuminuria as a Surrogate Marker
Treatments that decrease urinary albumin

xcretion may slow the progression of DKD
nd improve clinical outcomes, even in the
bsence of hypertension. However, most people
ith diabetes and albuminuria have hyperten-

ion; management of hypertension in these
atients is reviewed in Guideline 3.

.1 Normotensive people with diabetes and
macroalbuminuria should be treated with
an ACE inhibitor or an ARB. (C)

.2 Treatment with an ACE inhibitor or an

ARB may be considered in normotensive
people with diabetes and microalbumin-
uria. (C)

.3 Albuminuria reduction may be consid-
ered a treatment target in DKD. (C)

CPR 2: Multifaceted Approach to
ntervention in Diabetes and CKD

Multiple risk factors are managed concur-
ently in patients with diabetes and CKD, and
he incremental effects of treating each of
hese risk factors appear to add up to substan-
ial clinical benefits.

.1 The care of people with diabetes and
CKD should incorporate a multifaceted
approach to intervention that includes
instruction in healthy behaviors and treat-
ments to reduce risk factors. (C)

.2 Target body mass index (BMI) for people
with diabetes and CKD should be within
the normal range (18.5-24.9 kg/m2). (C)

CPR 3: Diabetes and CKD in Special
opulations
The increasing incidence of diabetes in chil-

ren, young adults, the elderly, and members
f disadvantaged and transitional populations
s responsible for an increasing incidence of
KD in these groups. Racial/ethnic differ-

nces in susceptibility to DKD also may play a
ole. In pregnant women, the presence of dia-
etes and CKD may adversely affect the health
f both the mother and her offspring.

.1 Screening and interventions for diabetes
and CKD should focus on populations at
greatest risk. (C)

.2 Although management of diabetes and
CKD in special populations should follow
the same principles as management in the
majority population, there are special
considerations in the treatment of chil-
dren, adolescents, and the elderly. (C)

.3 Population-based interventions may be
the most cost-effective means for address-
ing the burden of CKD in special popula-
tions. Implementation and evaluation of
population-based interventions should
take into account the heterogeneity of the
populations at risk. (C)

.4 Specialists in high-risk pregnancy and

kidney disease should co-manage preg-
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nancy in women with diabetes and CKD.
(C)

.5 Treatment of DKD with RAS inhibitors
before pregnancy may improve fetal and
maternal outcomes, but these medicines
should be discontinued as soon as a men-
strual period is missed or after a positive
pregnancy test. (C)

.6 Insulin should be used to control hypergly-
cemia if pharmacological therapy is neces-
sary in pregnant women with diabetes
and CKD. (C)

CPR 4: Behavioral Self-Management in
iabetes and CKD
Behavioral self-management in patients with
iabetes and CKD is particularly challenging
ecause of the intensive nature of the diabetes
egimen. Education alone is not sufficient to
romote and sustain healthy behavior change,
articularly with such a complex regimen.

.1 Self-management strategies should be key
components of a multifaceted treatment
plan with attention to multiple behaviors:
(C)
● Monitoring and treatment of glycemia,
● Blood pressure,
● Nutrition,
● Smoking cessation,
● Exercise, and
● Adherence to medicines.



II. CLINICAL PRACTICE GUIDELINES
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide
ublic health problem affecting more than 50
illion people, and more than 1 million of them

re receiving kidney replacement therapy.1,2 The
ational Kidney Foundation-Kidney Disease
utcomes Quality Initiative™ (NKF-KDOQI™)
linical Practice Guidelines (CPGs) on CKD
stimate that CKD affects 11% of the US popula-
ion,3 and those affected are at increased risk of
ardiovascular disease (CVD) and kidney fail-
re. Kidney failure represents about 1% of the
revalent cases of CKD in the United States,3

nd the prevalence of kidney failure treated by
ialysis or transplantation is projected to in-
rease from 453,000 in 2003 to 651,000 in
010.3,4

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

ast 10 years, and the CKD population expanded,
s well. Together, they account for 16.5% of
edicare expenditures, nearly double that of 10

ears ago, and the total costs for kidney disease
ow approach 24% of Medicare expenditures.4

growing body of evidence suggests that some
f the adverse outcomes of CKD can be pre-
ented or delayed by preventive measures, early
etection, and treatment.
NKF-KDOQI™ CPGs presently offer strate-

ies to manage hypertension,5 dyslipidemia,6

one disease,7 anemia,8 nutrition,9 and CVD10 in
atients with CKD. The present Guideline ex-
ends the scope of the NKF-KDOQI™ CPGs by
ffering strategies to diagnose and manage the
reatment of patients with diabetes and CKD.

PROBLEM OF DIABETES AND CKD

Diabetes is the leading cause of CKD in devel-
ped countries and is rapidly becoming the lead-
ng cause in developing countries as a conse-
uence of the global increase in type 2 diabetes
nd obesity.33 In the United States, microalbumin-
ria is found in 43%, and macroalbuminuria, in
% of those with a history of diabetes.3 More-
ver, diabetes accounts for 45% of prevalent
idney failure, up from 18% in 1980.4

Substantial underdiagnosis of both diabetes
nd CKD leads to lost opportunities for preven-

ion, and inadequate or inappropriate care of t

merican Journal of Kidney Diseases, Vol 49, No 2, Suppl 2 (Febr
atients with diabetes and CKD may contribute
o disease progression. Nevertheless, diabetes
are has improved because the benefits of meticu-
ous management have become widely accepted
nd the use of angiotensin-converting enzyme
ACE) inhibitors, angiotensin receptor blockers
ARBs), and statins has increased in patients
ith diabetes.4 Even so, fewer than 1 in 4 pa-

ients with diabetes receives at least 1 hemoglo-
in A1c (HbA1c) test, at least 1 lipid test, and at
east 1 glucose testing strip each year, reflecting
he need for better assessment of these high-risk
atients.4

GOALS OF CPG AND CPR PROCESS

This CPG seeks to improve outcomes in pa-
ients with diabetes and CKD by providing strat-
gies for the diagnosis (Guideline 1) and manage-
ent (Guidelines 3 to 5 and CPRs 1 to 4) of CKD

n the setting of diabetes and for the management
f diabetes in the setting of CKD (Guideline 2).
he general treatment of diabetes is beyond the
cope of this guideline, and it is comprehensively
ddressed in the American Diabetes Association
ADA) guidelines.34

As part of an evolution in the development of
PGs, the Work Group divided its recommenda-

ions, which are based on a systematic review of
he literature, into a series of Guidelines and
linical practice recommendations (CPRs). The
uidelines were based on a consensus within the
ork Group that the strength of the evidence
as sufficient to make definitive statements about

ppropriate clinical practice. When the strength
f the evidence was not sufficient to make such
tatements, the Work Group offered CPRs based
n the best available evidence and on expert
pinion. As new data become available, the
trength of the evidence for many of the CPRs
ay become sufficient for the CPRs to become
PGs, illustrating the need for recurring reviews
nd updates of this document. Many of the
esearch recommendations proposed by the Work
roup were developed with the goal of strength-

ning the evidence for the CPRs to determine
hether they should become Guidelines in the

uture.
The term “definitive” must be used with cau-

ion, particularly in the context of CPGs. Uncer-

ainty is an immutable element of all scientific

uary), 2007: pp S21-S41 S21
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BackgroundS22
esearch, and the establishment of a Guideline
hould neither preclude nor render unethical fur-
her inquiry. Rather, the establishment of guide-
ines represents an evolving process that seeks to
nsure that each patient receives the best pos-
ible care within the context of presently avail-
ble medical knowledge.

cope

The target population of this CPG is patients
ith CKD stages 1 to 5, including dialysis and

ransplant patients. However, the emphasis is on
tages 1 to 4 because the evidence in stage 5 is
ither lacking or addressed in other NKF-
DOQI™ Guidelines. Consideration is given to

he diagnosis, impact, and management of diabe-
es and CKD in children, adults, the elderly,
regnant women, and different racial and ethnic
roups.
The intended readers are practitioners who
anage patients with diabetes and CKD, includ-

ng, but not limited to, primary care providers,
ephrologists, cardiologists, endocrinologists/
iabetologists, physician’s assistants, nurse prac-
itioners, nurses, dietitians, pharmacists, social
orkers, and diabetes educators. By reviewing

cientific evidence from throughout the world,
oordinating our efforts with guideline develop-
ent processes elsewhere, and including in the
ork Group experts from Latin America and

urope, as well as from North America, we
elieve this document has relevance beyond prac-
itioners in North America.

DIABETES AS A PUBLIC HEALTH MANDATE

n Epidemic

Nearly 21 million people in the United States,
r 7% of the population, have diabetes, and about
third of those with diabetes are unaware they

ave the disease. About 5% to 10% of diabetes in
he United States is type 1, which develops as a
onsequence of the body’s failure to produce
nsulin. In some racial and ethnic groups, the
roportion of cases attributable to type 1 diabetes
s even less.11 Most cases of diabetes in the
nited States and elsewhere are type 2, which
evelops because of the body’s failure to pro-
uce sufficient insulin and properly use the insu-
in it produces. Worldwide, 171 million people

ave diabetes. f
Diabetes prevalence is increasing most rapidly
n the developed countries and in developing
ountries undergoing transition from traditional
o modern lifestyles.12,13 In the general US popu-
ation, estimates from national surveys14 show
n 8-fold increase in the prevalence of diagnosed
iabetes between 1958 and 2000. The San Anto-
io Heart Study15 suggests an increasing inci-
ence rate of type 2 diabetes is responsible, in
art, for the increasing prevalence among Mexi-
an Americans and for a borderline significant
rend in non-Hispanic whites. The investigators
ttribute the greater prevalence of diabetes in this
opulation more to the increasing incidence than
o the decrease in cardiovascular mortality re-
orted among people with diabetes nationally.16

ther factors responsible for the increasing preva-
ence of diabetes include changes in diagnostic
riteria, increased public awareness, decreasing
verall mortality, growth in minority popula-
ions, a dramatic increase in the magnitude and
requency of obesity, and the widespread adop-
ion of a sedentary lifestyle.14 Most of the in-
rease in diabetes prevalence is attributable to
ype 2 diabetes, and although much of this in-
rease is occurring in adults, children and adoles-
ents are increasingly affected. However, a world-
ide increase in the incidence of type 1 diabetes

lso has been noted, particularly among children
ounger than 5 years.17

Projections of the future burden of diabetes in
he US population suggest that the prevalence of
iabetes will increase 165% between 2000 and
050, with the greatest increases in the popula-
ion older than 75 years and among African
mericans.18 The global burden of diabetes is

xpected to double between 2000 and 2030, with
he greatest increases in prevalence occurring in
he Middle East, sub-Saharan Africa, and In-
ia.19 Moreover, development of type 2 diabetes
uring the childbearing years also will increase,
rimarily in the developing countries (CPR 3,
ig 27).19 Projections regarding the future bur-
en of diabetes are based on increasing life
xpectancy, population growth, and progressive
rbanization.20 Of growing concern is the belief
hat these estimates may be too low because they
o not account for the increasing frequency and
agnitude of obesity and other major risk factors
or diabetes.
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Background S23
As the population of patients with diabetes of
ong duration grows, reports of a dramatically
ncreasing burden of diabetic kidney disease
DKD) are appearing from developed coun-
ries,21 as well as from Africa,22,23 India,24 the
acific Islands,25 and Asia,26,27 where infectious
isease previously posed the greatest threat28

see CPR 3). Increased risk and more rapid
rogression of DKD29,30 also have been reported
n immigrants from developing to developed
ountries.31,32

besity and Inactivity

Obesity is one of the strongest determinants of
iabetes and is a consequence of interactions
etween genetic susceptibility, cellular metabo-
ism, eating behavior, culture, level of physical
ctivity, and socioeconomic status. Because obe-
ity is a major determinant of diabetes and other
hronic diseases, an assessment of obesity should
e part of the routine clinical examination of
very patient. General measures of obesity (BMI,
eight, and percent body fat) and measures of

entral fat distribution (waist circumference,
aist-hip ratio, waist-thigh ratio, and waist-
eight ratio) predict the development of type 2
iabetes in prospective studies, regardless of age
r ethnicity.47-54 Although a strong relationship
xists between the quantity of intra-abdominal
at and diabetes, BMI remains an excellent pre-
ictor of diabetes and is not improved signifi-
antly by combining it with other measures of
eneral adiposity or body fat distribution.55 In
he kidney, obesity is associated with glomerular
yperfiltration and an increase in transcapillary
ydraulic pressure,56,57 hemodynamic changes
hat may accelerate the development and progres-
ion of DKD in obese people with diabetes.
ence, CPR 2 was developed to address the

ssue of obesity and encourage further investiga-
ion.

One of the primary determinants of obesity is
hysical inactivity, and a physically active life-
tyle is associated with a lower incidence of type

diabetes in several prospective studies.58-62

ecent clinical trials provide compelling evi-
ence that increased physical activity, combined
ith dietary modification and weight loss, pre-
ents diabetes regardless of age or ethnicity.63-65

he Diabetes Prevention Program demonstrated

hat a lifestyle-modification program that in- w
luded a 7% weight loss and at least 150 minutes
f moderate physical activity per week was asso-
iated with a 58% reduction in the incidence of
iabetes over nearly 3 years in people with
mpaired glucose tolerance compared with pla-
ebo.63 Because the lifestyle changes worked
qually well in all racial/ethnic groups, they
hould be applicable to high-risk populations
orldwide. This approach to diabetes prevention
rovides the most cost-effective means for reduc-
ng the projected increase in the incidence of
iabetes and its complications, including DKD.66

thnicity

In the United States, the burden of diabetes is
orne disproportionately by ethnic and racial
inorities, including African Americans, Hispan-

cs, and Native Americans. The higher rates of
iabetes in these populations relative to non-
ispanic whites are associated with a high rate of
KD, as described in CPR 3. The particularly
igh predisposition to diabetes is possibly on a
enetic basis, when individuals are exposed to
dverse conditions or rapid economic transition.
orldwide, populations of developing countries

ppear to be at increased risk of developing
iabetes during the coming decades, perhaps for
any of the same reasons.
Economic transition may be the predominant

isk factor for diabetes in many developing coun-
ries. People who successfully undergo eco-
omic transition—those who migrate to cities
nd take industrial jobs that pay well—experi-
nce an increase in socioeconomic status and
reater access to food. In India, for example,
igher socioeconomic status increases the risk of
iabetes.67 The same is true among Hispanics in
he United States.68 Conversely, transition to
igher socioeconomic status has the opposite
ffect in African Americans69; a finding that may
e explained in part because higher socioeco-
omic status generally is associated with better
ducation, greater acculturation, and the re-
ources to make healthier food choices.70 There-
ore, although populations in rapid economic
ransition often are at increased risk of diabetes,
roper education may mitigate or prevent the
ncrease in the risk of diabetes often associated

ith this transition.
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BackgroundS24
xtremes of Age

The current epidemic of obesity in children
nd adolescents in many parts of the world has
reated an epidemic of type 2 diabetes in these
ge groups. Although type 1 diabetes is the
redominant form of diabetes in children world-
ide, it is likely that type 2 diabetes will soon
ecome the most prevalent form in many ethnic
roups.71,72 Many children with type 2 diabetes
re obese at diagnosis, have a strong family
istory of type 2 diabetes, and are the offspring
f mothers with gestational diabetes. Among
ative Americans aged 15 to 19 years nation-
ide, the prevalence of diagnosed diabetes in-

reased by 69% from 1990 to 1998, but remained
nchanged in those younger than 15 years.73 In
apan, a 10-fold increase in the incidence of type
diabetes was reported during 20 years of fol-

ow-up in children initially aged 6 to 12 years,
nd a 2-fold increase was reported among those
nitially aged 13 to 15 years, coinciding with a
ecular increase in the prevalence of obesity.74,75

The proportion of children exposed to diabetes
n utero also may be increasing as more women
evelop diabetes during their childbearing years.
n Pima Indians, a doubling of the percentage of
hildhood diabetes during the past 30 years is
ttributed to an increasing frequency of intrauter-
ne exposure to diabetes.76 Observations in Pima
hildren born since 1965 indicate that offspring
f mothers with diabetes have a greater preva-
ence of obesity throughout childhood and a
uch greater prevalence of type 2 diabetes.77

lthough only 3% of type 2 diabetes develops
efore 20 years of age,78 those who develop
iabetes in childhood and adolescence are af-
ected disproportionately in early adulthood by
he microvascular and macrovascular complica-
ions of diabetes, including DKD,79,80 as de-
cribed in CPR 3.

The World Health Organization (WHO) Multi-
ational Study of Vascular Disease in Diabetes81

eported that Native Americans from Arizona
nd Oklahoma who had type 2 diabetes diag-
osed before 30 years of age had a higher age-
djusted incidence rate of kidney failure during a
ean follow-up of 9.5 years than the overall
ative American population with diabetes.82 A

tudy of long-term microvascular and macrovas-

ular complications in Japanese subjects with i
nset of type 2 diabetes before 30 years of
ge83,84 found that 5% of the subjects had CKD
tage 5 after 20 years’ duration of diabetes, and
3% of those who also had proliferative retinop-
thy progressed to dialysis by a mean age of 35
ears. Premature atherosclerotic vascular dis-
ase, including cerebrovascular disease and CVD,
as the leading cause of death in this population

nd was related largely to poor glycemic control
nd progression to CKD stage 5. These complica-
ions have a significant economic and public
ealth impact because they will affect those with
outh-onset diabetes during their peak produc-
ive years.

Diabetes is a major cause of morbidity and
ortality in the aging population. At least 20%

f people older than 65 years have diabetes,34

nd the greatest increase in diabetes prevalence
n the coming decades will occur in those older
han 75 years.18 The elderly are particularly
rone to the cardiovascular complications of
iabetes. CVD develops in the 2 years before
nitiation of kidney replacement therapy in more
han 90% of patients aged 75 years and older
ith kidney failure and diabetes. Congestive
eart failure is the most common cardiac condi-
ion among elderly patients with diabetes and
KD stage 5, affecting 71% of patients, fol-

owed closely by ischemic heart disease at 67%.21

Other comorbidities also are more prevalent in
he elderly, and intensive management of these
atients may pose greater risks because hypoten-
ion and hypoglycemia occur more frequently
han in younger people. Although medicines for
yperglycemia, hypertension, and dyslipidemia
an be used in the elderly, as in other patients
ith diabetes and CKD, they should be started at

ower doses and carefully titrated while monitor-
ng for responses and side effects (see CPR 3).
he ADA, in collaboration with the American
eriatric Society, has published evidence-based
uidelines for the management of geriatric pa-
ients with diabetes.85

regnancy

The effect of pregnancy on diabetes and CKD
s examined in CPR 3. Diabetes during preg-
ancy is associated with an increased risk of
dverse maternal and neonatal outcomes. The
requency of diabetes during pregnancy is increas-

ng in developed countries primarily because of
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Background S25
ncreasing obesity among women of childbear-
ng age. Early diagnosis of diabetes during preg-
ancy may be an important factor in improving
utcomes in these mothers and their offspring.
evertheless, much of the projected increase in
iabetes prevalence during the childbearing years
ill occur in developing countries,19 where re-

ources for identifying and managing the dia-
etic pregnancy are limited.
Whereas the maternal complications of diabe-

es are well known, there is increasing evidence
hat the effects on the fetus are more extensive
han previously thought. In addition to increased
ates of macrosomia, congenital malformations,
nd perinatal mortality, the offspring of mothers
ith diabetes are prone to obesity and diabetes at
young age, leading to a vicious cycle of increas-

ng frequencies of diabetes in successive genera-
ions.86 In the Pima Indians, for example, the
roportion of children exposed to diabetes in
tero increased nearly 4-fold during the past 30
ears.76 The increased frequency of exposure to
aternal diabetes was associated with a doubling

f the number of cases of diabetes attributable to
hat exposure.76 Moreover, the odds of having
ncreased urinary albumin excretion was nearly 4
imes as high in the offspring with diabetes who
ere exposed to diabetes in utero than in those

xposed to a normal intrauterine environment.87

hese findings suggest that a diabetic pregnancy
ontributes not only to the increase in diabetes
revalence worldwide, but also to the increase in
KD among those who develop diabetes as a

onsequence of this exposure. Whether strict
lycemic control during a diabetic pregnancy
ill reduce the frequency of diabetes and kidney
isease in the offspring is unknown. Manage-
ent of young obese women who desire to

ecome pregnant should focus on preventing or
t least delaying the onset of diabetes until after
he childbearing years.

ascular Target-Organ Complications
ause Much Morbidity and Mortality

Diabetes is associated with numerous vascular
nd nonvascular complications, and the vascular
omplications—which include CVD, peripheral
ascular disease, stroke, retinopathy, neuropathy,
nd DKD—are responsible for most of the mor-
idity and mortality attributable to diabetes. The

requency of disability in people with diabetes w
ffers an indirect means of assessing the morbid-
ty associated with various vascular complica-
ions. Ischemic heart disease, stroke, and periph-
ral vascular disease increase the risk of mobility-
elated disability in older adults with diabetes in
he United States by 2- to 3-fold relative to those
ithout diabetes.88,89 The Third National Health

nd Nutrition Examination Survey (NHANES
II) found that in the United States, 25% of adults
lder than 60 years with diabetes cannot walk
ne quarter of a mile, climb 10 stairs, or do
ousework, and half of those in this age group
ave some difficulty performing these tasks.88

eripheral neuropathy often leads to greater limi-
ations in performing the personal care activities
f daily living, but has less impact on mobility.89

iabetes is the leading cause of visual deficits in
eveloped countries among people younger than
0 years,90,91 and visual impairment or blindness
an lead to disability affecting both mobility and
aily living activities.
One measure of population health and morbid-

ty, the disability-adjusted life-year (DALY), pro-
ides an estimate of the length of life lost to
remature death and the time spent in an un-
ealthy state. This measure is computed for the
S population from data collected by the
HANES, the National Health Interview Sur-
ey, and several other nationally representative
ealth surveys.92 Diabetes is the 9th leading cause
f DALYs among women and the 12th leading
ause among men in the United States. African
mericans, Hispanics, Asians, Pacific Islanders,

nd Native Americans have the highest DALYs
elated to diabetes, in keeping with their greater
revalence and earlier onset of diabetes. The
mpact of diabetes on DALYs and other health
utcomes in these minority populations also may
e affected by disparities in their health that
esult from their social, political, and economic
isadvantage.92

In the United States, the death rate in people
ith diabetes is twice that of people without
iabetes, and the major cause of the increased
eath rate among those with diabetes is CVD
vide infra).93 Moreover, nearly all the excess
ortality in both type 194 and type 295 diabetes is

ound in people with proteinuria. The WHO
ultinational Study of Vascular Disease in Dia-

etes96 reported that proteinuria was associated

ith significantly increased mortality from kid-
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BackgroundS26
ey failure, CVD, and all other causes of death.
idney and cardiovascular mortality ratios asso-

iated with proteinuria were similar for both
ypes of diabetes, although people with type 1
iabetes were more likely to die of kidney failure
han those with type 2 diabetes.96

DKD AND CKD

erminology for the Kidney Disease of
iabetes

New terminology to describe kidney disease
ttributable to diabetes is introduced in the Dia-
etes and CKD guidelines. The purpose of this
erminology is to clarify communication among
atients, caregivers, and policy makers. For this
urpose and for consistency with CKD classifica-
ion, the term DKD is proposed for a presump-
ive diagnosis of kidney disease caused by diabe-
es. Although kidney biopsy is required to
iagnose diabetic glomerulopathy definitively,
areful screening of diabetic patients can, in
ost cases, identify persons most likely to have

iabetic glomerulopathy without the need for
idney biopsy (see Guideline 1). The term “dia-
etic nephropathy” should be replaced by DKD.
he term diabetic glomerulopathy should be re-
erved for biopsy-proven kidney disease caused
y diabetes.
The goals of Guideline 1 are to facilitate

dentification of patients with kidney disease
resumed to be caused by diabetes and distin-
uish them from those who should have further
nvestigation for a different diagnosis, which
ay alter treatment plans. Most clinical studies

f kidney disease in diabetes include patients
ith low glomerular filtration rate (GFR) and/or
roteinuria, with a presumptive diagnosis of
KD. However, in practice, few patients have
iopsy-proven DKD. Nevertheless, it would be
seful to distinguish patients with CKD that is
resumed to be caused by diabetes (DKD) from
hose with CKD from other causes on a clinical
asis. DKD is based historically on the finding of
roteinuria in a person with diabetes. With the
evelopment of more sensitive assays specific
or albumin, DKD is now defined, in part, by
ncreased urinary albumin excretion, which is
ivided arbitrarily into: (1) microalbuminuria, a
odest elevation of albumin thought to be asso-
iated with stable kidney function, but a greater f
isk of macroalbuminuria and kidney failure; and
2) macroalbuminuria, a higher elevation of albu-
in associated with progressive decline in GFR,

n increase in systemic blood pressure, and a
igh risk of kidney failure (Guideline 1, Table 6).
owever, these generalizations do not apply in

ll cases because people with normal urinary
lbumin excretion may have advanced DKD,
hereas those with microalbuminuria may have

ither substantial or no pathological evidence of
idney damage. Moreover, because of the high
revalence of diabetes in the population, some
ndividuals with diabetes may have other types
f CKD. Nevertheless, in most cases, clinical
easures may be used to diagnose DKD.

creening and Diagnosis

Most professional societies concerned with
iabetes and kidney disease now advocate screen-
ng for microalbuminuria in patients with diabe-
es, and the suggested screening plan, adapted
rom the ADA guideline, is shown in Guideline
, Fig 6.34,35 The Work Group supports these
creening recommendations while recognizing
he need for further studies to define the impact
f microalbuminuria detection on hard clinical
nd points (see Guideline 1). Screening should
egin after 5 years of type 1 diabetes and at the
iagnosis of type 2 diabetes because of the inabil-
ty to establish the onset of type 2 diabetes with
ertainty. Because urinary albumin excretion has
n intraindividual coefficient of variation (CV)
f approximately 40%,36 multiple positive test
esults are required for classification. Definitions
f DKD by albuminuria and stage are shown in
uideline 1, Table 6.
Evidence for the usefulness of estimated GFR

eGFR) alone as a screening test for CKD in
atients with diabetes is less secure. Many pa-
ients with diabetes and CKD may have elevated
r high-normal GFRs, particularly in the early
ears after diagnosis. Therefore, markers of kid-
ey damage are required to detect early stages of
KD; eGFR alone can only detect CKD stage 3
r worse (Guideline 1, Table 6).

iabetes May Coexist With Other Causes
f CKD

Because diabetes is a common condition, coin-
idence with other nondiabetic CKD is relatively

requent. Accordingly, evaluation of a person
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Background S27
ith atypical features should, in selected cases,
nclude additional diagnostic testing, depending
n the clinical presentation. Care should be used
n determining the appropriate diagnostic tests
ecause administration of radiographic contrast,
ith or without angiography, may pose greater

isks in people with diabetes and CKD than in
thers (see Guideline 1).
Refractory hypertension and/or a significant

eduction in kidney function after renin-angioten-
in system (RAS) blockade should prompt con-
ideration of renal artery stenosis because gener-
lized vascular disease is common in diabetes.
atients with diabetes and CKD in whom refrac-

ory hypertension is suspected should be evalu-
ted, preferably without radiocontrast, to assess
hether arterial stenosis is present. Current non-

nvasive modalities to screen for arterial stenosis
hat do not include use of radiocontrast agents
nclude magnetic resonance angiography and du-
lex Doppler ultrasonography. Captopril nuclear
enal scans are not recommended because sensi-
ivity of these scans is low in patients with
ecreased GFR or bilateral renal artery stenosis.
n selected cases, imaging of the renal arteries
ay be undertaken with carbon dioxide or gado-

inium angiography to avoid radiocontrast agents.
Hypertension associated with unilateral renal

rtery stenosis may be treated with medicine
preferably an ACE inhibitor or ARB) with the
ption of revascularization, usually by percutane-
us angioplasty and stent placement. Treatment
f bilateral renal artery stenosis, or unilateral
enal artery stenosis in an individual with a
ingle functioning kidney, may require revascu-
arization to both control hypertension and pre-
ent loss of kidney function. However, whether
evascularization of unilateral or bilateral renal
rtery stenosis adds benefit to optimal medical
anagement is uncertain. Cardiovascular Out-

omes in Renal Atherosclerotic Lesions
CORAL), a randomized trial sponsored by the
ational Institutes of Health (NIH), is address-

ng this key issue and should provide important
irection for the management of renal artery
tenosis in the future.

A number of systemic diseases that require
pecific therapy may occur in patients with diabe-
es. These diseases may present with a slow
rogressive decline in kidney function or a rapid

ecrease and may affect the kidney in various u
ays. Systemic diseases mostly likely to be
onfused with DKD are those that cause mild to
oderate proteinuria and a slow progressive de-

rease in eGFR. Differentiation of these diseases
equires clinical suspicion and appropriate diag-
ostic testing. It is the opinion of the Work
roup that in the absence of another identifiable

nd treatable cause of kidney disease, patients
ith diabetes and CKD should be treated as if

hey have DKD (see Guideline 1).

DIABETES, CKD, AND CVD

iabetes and CKD: A High-Stakes
ombination for Cardiovascular
omplications and Death

Diabetes is one of the most important risk
actors for CVD. The risk imparted by diabetes
as been viewed as a CVD equivalent because
he likelihood of future events may approach that
f people without diabetes who have already had
myocardial infarction.37 Such observations have

ed to recommendations from both the ADA and
he American Heart Association (AHA) for inten-
ive cardiovascular risk factor management in
eople with diabetes (Table 1).34,38 CKD also
mparts an extremely high risk of CVD. The
KF and the AHA have recently issued guide-

ines and scientific statements recommending
hat people with CKD be considered in the high-
st risk category for CVD.3,39 For those with
oth diabetes and CKD, the outlook is far worse
han for either condition alone because the com-
ination is one the most powerful predictors of
ajor adverse cardiovascular events and death.
he relationship between CKD severity and risk

s continuous. People with diabetes and mi-
roalbuminuria have twice the CVD risk of those
ith normoalbuminuria,40 and as albuminuria

ncreases and GFR decreases, CVD risk in-
reases progressively.41-43 In an analysis of pa-
ients with type 2 diabetes from the UK Prospec-
ive Diabetes Study (UKPDS), rates of death and
rogression to macroalbuminuria were equal at
he microalbuminuric stage.41 However, at the
acroalbuminuric stage, the death rate outpaced

he rate of kidney disease progression (Fig 2).
ore people who reach CKD stage 3 will die,

rimarily of CVD, than progress to kidney fail-

re, especially if they also have diabetes.3,44
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BackgroundS28
The scope of this review of relationships among
iabetes, CKD, and CVD is relevant primarily to
eople with CKD stages 1 to 4. Specific recom-
endations for CKD stage 5 are provided in the
KF-KDOQI™ Guidelines for CVD in Dialysis
atients.10

ntensive Risk Factor Management for
revention of CVD

Risk factor management is the cornerstone
f therapy for CVD in patients with diabetes.
n the present NKF-KDOQI™ Guidelines on
iabetes and CKD, intensive management of
ypertension, hyperglycemia, and dyslipide-

Table 1. Goals for CVD Risk Factor M
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Figure 2. Annual transition rates with 95% confidence i

ause.
eprinted with permission.41
ia is emphasized. Although evidence was
eviewed primarily for effects on kidney out-
omes, the conclusions regarding therapeutic
oals and choices of agents are strikingly simi-
ar to recommendations from the ADA and
HA for prevention and treatment of CVD

Table 1). These similarities likely reflect un-
erlying pathological mechanisms common to
oth diabetic microvascular and macrovascu-
ar complications.

Recommendations for treatment of dyslipide-
ia in patients with diabetes and CKD are based

n CVD risk reduction. The current state of
vidence is insufficient to recommend treatment

ement in Patients With Diabetes34,38
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Background S29
f dyslipidemia for preservation of kidney func-
ion. The recommendation to treat with statins in
iabetes and CKD stages 1 to 4 was based
rimarily on large prospective studies of patients
ith diabetes without markedly decreased kid-
ey function and on a post hoc analysis from the
ravastatin Pooling Project (PPP).97-99 In the
PP, people with diabetes and CKD had the
reatest risk of CVD death, myocardial infarc-
ion, or revascularization procedures compared
ith those with either condition alone or neither

ondition.99 They also had the largest absolute
isk reduction with statin therapy (Guideline 4,
ig 19). Despite these impressive results, the
vidence was considered moderate by the Work
roup because it was based largely on this post
oc analysis. Prospective randomized trials are
eeded to confirm or refute these results and
ncrease confidence in the data. This issue is
specially germane considering results of the
eutsche Diabetes Dialyse Studie (4D), which

howed no overall benefit on the primary out-
ome of major CVD events after initiating atorva-
tatin treatment in patients with type 2 diabetes
eceiving hemodialysis therapy (Fig 5).100 Based
n results of the 4D, initiation of statin therapy is
ot recommended for people with type 2 diabe-

Table 2. Diagnostic Testing for C

 tseT noitacidnI
Typical or atypical chest 
discomfort 
Other symptoms that may 
suggest ischemia  

• Unexplained dyspnea or 
fatigue 

• Jaw, neck, arm, or shoulder 
discomfort 

• Abnormal ECG result 

Exercise ECG 
Consider imaging modality for 
nondiagnostic ECG test result o
pharmacological stress test 
• Nuclear perfusion scan 
• Echocardiography 

Consider pharmacological stres
for those unable to exercise 
• Dobutamine 
• Persantine 

Coronary angiography  
Clinically significant ischemia
noninvasive testing 
Diagnostic uncertainty on no
testing 

Consider screening for silent 
ischemia  
• Patient > 35 years and 

sedentary with plans to begin 
a vigorous exercise program  

• Carotid or lower-extremity 
atherosclerotic disease 

Same approach as above 

Abbreviation: ECG, electrocardiogram. 

•

•

es on hemodialysis therapy who do not have a h
pecific cardiovascular indication for treatment.
ngoing studies evaluating lipid-lowering thera-
ies for CVD risk reduction in people with
iabetes and CKD are critically important to
efine optimal treatment strategies. Considering
he very different conclusions of the PPP and 4D,
he window of opportunity for statin therapy to
educe CVD risk in patients with diabetes and
KD remains to be defined.

valuation for Coronary Heart Disease

Cardiac ischemia is a predominant form of
VD leading to major complications and death

n people with diabetes and CKD. A body of
esearch on evaluation for coronary heart disease
as lead to evidence-based CPGs from major
rofessional societies. Coronary artery revascu-
arization procedures are warranted in some pa-
ients. To identify appropriate candidates, further
iagnostic testing should be performed based on
pecific clinical indications (Table 2). The recom-
endations from the ADA and AHA apply to

eople with diabetes in general.34,38 No guide-
ines have been developed for the subset of
atients with diabetes and CKD. In the opinion
f the Work Group, these recommendations rea-
onably can be extrapolated to most patients who

ry Heart Disease in Diabetes34,38

 stnemmoC
Professional Society 

Recommendation 

  

 

Obtain cardiology consultation 
for pharmacological stress 
testing, imaging, or coronary 
angiography 

No guidelines have specifically 
addressed the subset of patients 
with diabetes and CKD  

ADA yes34

AHA yes38

Controversial  
Data on improved clinical 
outcomes is lacking

ADA yes34

AHA no38
orona

r with 

s testing

 on 

ninvasive
ave both diabetes and CKD stages 1 to 4,
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BackgroundS30
specially considering that their CVD risk is
mplified over that of diabetes alone.

The specific clinical indications for noninva-
ive testing for coronary heart disease include
ypical or atypical chest discomfort or other
ymptoms of possible ischemia (eg, unexplained
yspnea or fatigue or jaw, neck, arm, or shoulder
iscomfort).34,38 An electrocardiogram (ECG)
hould be included in the CVD risk assessment
f all people with diabetes and repeated for any
ymptoms suggestive of cardiac ischemia. If an
CG result is abnormal, further diagnostic test-

ng should be considered. Whether asymptom-
tic people with diabetes should undergo diagnos-
ic testing for coronary heart disease is
ontroversial. At present, data that such an ap-
roach improves prognosis beyond risk factor
ssessment and management are lacking. How-
ver, patients with diabetes and silent ischemia,
specially if accompanied by cardiac autonomic
europathy, have a poor prognosis. Therefore,
he ADA recommends that screening for silent
schemia may be considered for certain high-risk
haracteristics: 35 years or older and sedentary
ith plans to begin a vigorous exercise program,

nd carotid or lower-extremity atherosclerotic
isease.34 The presence of traditional CVD risk
actors did not predict silent ischemia in the
ross-sectional Detection of Ischemia in Asymp-
omatic Diabetics (DIAD) study.101 Therefore,
he ADA no longer recommends screening of
symptomatic people with diabetes on the basis
f risk factor clustering (�2 risk factors).34 When
he longitudinal component of DIAD is com-
leted, data will be available on the relationship
etween abnormal cardiac nuclear perfusion im-
ging results and clinical events. In the mean-
ime, the AHA does not endorse diagnostic test-
ng for coronary heart disease in asymptomatic
atients with diabetes because of the lack of
vidence to support the benefits of testing on
linical outcomes.38

A noninvasive approach to diagnostic testing
s preferred as the first step in evaluating coro-
ary heart disease.34,38 However, as discussed
ext, an initial invasive approach may be neces-
ary in those with acute ischemic syndromes.
ccording to the AHA and ADA, stress testing
ith exercise ECG should be the initial noninva-

ive strategy.34,38 Cardiology consultation should

e obtained if evaluation beyond exercise ECG R
esting is necessary. Those who have nondiagnos-
ic exercise ECG test results may benefit from
he addition of an imaging modality (nuclear
erfusion scan or echocardiography) to the exer-
ise procedure.38 However, the NKF-KDOQI™
uidelines for CVD in Dialysis Patients do not

ecommend exercise ECG testing because of
oor exercise tolerance in general and a high
revalence of left ventricular hypertrophy in di-
lysis patients.10 Many patients with advanced
KD are likely to be similarly affected. There-

ore, for these patients or others who cannot
xercise adequately, pharmacological stress test-
ng (dobutamine or persantine) with imaging is
ndicated.10,34,38 Coronary angiography may be
erformed if evidence for clinically significant
schemic heart disease is detected or for diagnos-
ic uncertainty. As detailed in Guideline 1, people
ith diabetes and CKD are at high risk of acute
idney failure due to radiocontrast-induced ne-
hropathy (RCN). Whenever possible, preven-
ive strategies should be used to mitigate this risk
Guideline 1, Table 18). Nevertheless, consider-
ng the extremely high CVD risk in patients with
iabetes and CKD, angiography should not be
voided if clinical indications for the invasive
ssessment and/or treatment of ischemic heart
isease are present.

edical Management of Coronary Heart
isease

RAS Inhibition. In people with diabetes and
KD, RAS inhibition is beneficial for the man-
gement of coronary heart disease and associated
omplications, as well as for treatment of hyper-
ension. ACE inhibitors and ARBs reduce mortal-
ty after acute myocardial infarction,102,103and
hen used alone or in combination, these agents

re equally beneficial for improving survival and
educing CVD events after myocardial infarction
omplicated by left ventricular dysfunction.103

atients with diabetes benefit at least as much as
hose without diabetes.103 Similarly, in people
ith diabetes with chronic coronary heart dis-

ase and without left ventricular dysfunction,
CE inhibition reduces CVD death, myocardial

nfarction, and stroke.104,105 Therefore, RAS in-
ibition is recommended for treatment of acute
yocardial infarction and for chronic coronary

eart disease in patients with diabetes.34,38,102
ecent post hoc analyses indicate that ACE inhi-
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Background S31
ition is likely to be at least as efficacious at
educing CVD risk in people with and without
iabetes and CKD, as it is for others with coro-
ary heart disease.106,107 As detailed in Guide-
ine 3, data regarding effects of ACE inhibition
or treatment of hypertension on DKD progres-
ion in type 2 diabetes are not as strong as in type
diabetes. However, given their proven cardio-

ascular benefits and the shared properties of
CE inhibitors and ARBs in inhibiting the RAS,

ither type of agent should be strongly consid-
red for people with diabetes and CKD because
hey reduce the risk of both CVD events and
rogression of kidney disease.

�-Blockers. �-Blockers are another thera-
eutic class with unique benefits for CVD. Among
eople with and without diabetes who have had a
yocardial infarction, the American College of
ardiology (ACC)/AHA guidelines recommend
se of �-blockers because they reduce the risk of
eath, reinfarction, and recurrent ischemia.102

-Blockers also are recommended by the AHA
or the long-term treatment of patients with dia-
etes and left ventricular dysfunction, but the
asis of this recommendation is not as firm as for
CE inhibition.38 Although �-blockers may mask

ymptoms of hypoglycemia or exacerbate glu-
ose intolerance, these side effects usually are
anageable. In addition, �-blockers vary in their

ffects on glycemia. For example, the Glycemic
ffects in Diabetes Mellitus: Carvedilol-Metopro-

ol Comparison in Hypertensives (GEMINI) trial
emonstrated that in the presence of an ACE
nhibitor or ARB, carvedilol stabilized glycemic
ontrol and improved insulin resistance to a
reater extent than metoprolol in patients with
ype 2 diabetes and hypertension.108 Therefore,
onsidering their substantial cardiovascular ben-
fits, the AHA recommends that �-blockers not
e avoided in patients with diabetes for fear of
ide effects.38 Based on their remarkably high
VD risk, the Work Group recommends that the
CC/AHA and AHA guidelines regarding use of
-blockers also be applied to the subset of pa-

ients with diabetes and CKD.
Aspirin. Platelet inhibition with aspirin is

trongly encouraged for the prevention and man-
gement of ischemic heart disease in patients
ith diabetes.34,38 In the opinion of the Work

roup, people with diabetes who have CKD f
hould receive aspirin as part of a multifaceted
pproach to treatment, as outlined in CPR 2.
Intensive Glycemic Control in Acute and

ong-Term Care Settings. Glucose-insulin-
otassium infusion (GIK) and intensive glyce-
ic control are advocated for reducing mortality

isk after acute myocardial infarction or with
ritical illness (especially after cardiac surgery)
n people with and without diabetes.109,110 Al-
hough the ACC/AHA and the ADA recommend
ormalization (or nearly so) of blood glucose
evels within 24 to 48 hours after myocardial
nfarction, more recent evidence does not substan-
iate this approach.34,102 Benefits of GIK therapy
ere described in relatively small studies or in
eta-analyses in which the reduction in mortal-

ty risk had wide confidence intervals (CIs),
ndicating uncertainty in the conclusions.111 Re-
ently, the Clinical Trial of Reviparin and Meta-
olic Modulation in Acute Myocardial Infarction
reatment Evaluation (CREATE) and the Estu-
ios Cardiologicas Latin America Study Group
ECLA) formally merged into a single trial,
REATE-ECLA, that randomly assigned more

han 20,000 patients with acute myocardial infarc-
ion to receive GIK therapy or not.112 In this
arge trial, no benefits on death or reinfarction
ates were observed after 30 days in the group as

whole or in predefined subgroups, including
hose with diabetes. Similarly, survival benefits
f intensive insulin therapy in patients with criti-
al illness were not substantiated in patients
dmitted to a medical intensive care unit irrespec-
ive of diabetes status, CVD, or kidney disease
iagnosis.113 Although a subgroup analysis of
atients who remained in the intensive care unit
ore than 3 days suggested a survival benefit,

hese patients could not be identified prospec-
ively. Furthermore, in a larger follow-up study
f the Diabetes Mellitus Insulin-Glucose Infu-
ion in Acute Myocardial Infarction (DIGAMI)
tudy, DIGAMI 2, the survival benefit of inten-
ive glycemic control after myocardial infarction
n patients with diabetes was not confirmed.114

Hypoglycemia is a well-recognized complica-
ion of GIK and intensive insulin therapy in the
cute care setting. As discussed in Guideline 2,
atients with CKD are at particularly high risk of
ypoglycemia and associated morbidities with
ntensive regimens for glycemic control. There-

ore, the position of the Work Group is that
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BackgroundS32
urrent evidence does not support routine use of
ntensive glycemic control in acute care settings,
ncluding myocardial infarction, for patients with
iabetes and CKD.
Whether long-term intensive control of glyce-
ia reduces CVD risk has long been debated.
ecent data from the Diabetes Control and Com-
lications Trial/Epidemiology of Diabetes Inter-
entions and Complications (DCCT/EDIC) Study

ndicate reduced rates of death, myocardial infarc- r
ion, and stroke as many as 11 years after inten-
ive management of type 1 diabetes has ceased
Fig 3).115 Reduction in these major adverse
VD events was mediated in part by reduction in

ncidence of DKD. In the UKPDS trial, intensive
lycemic control in general did not decrease the
isk of myocardial infarction. However, in a
ubset of overweight patients who received met-
ormin, the rate of myocardial infarction was

Figure 3. CVD outcomes by
treatment assignment in DCCT/
EDIC.
(A) Cumulative incidence of the
first of any of the predefined CVD
outcomes. (B) First occurrence of
nonfatal myocardial infarction,
stroke, or death from CVD. Com-
pared with conventional treatment,
intensive treatment reduced the
risk of (A) any predefined CVD
outcome by 42% (95% CI, 9% to
63%; P � 0.02) and (B) first occur-
rence of nonfatal myocardial infarc-
tion, stroke, or death from CVD by
57% (95% CI, 12% to 79%; P �
0.02). Reprinted with permis-
sion.115
educed.116 The Prospective Pioglitazone Clini-
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Background S33
al Trial in Macrovascular Events (PROactive)
uggested that pioglitazone may reduce all-cause
ortality, myocardial infarction, and stroke in

atients with type 2 diabetes.117 In a post hoc
nalysis of people undergoing percutaneous cor-
nary intervention (PCI) in the Prevention of
estenosis with Tranilast and Its Outcomes

PRESTO) trial, metformin use was associated
ith reduced risk of myocardial infarction and
eath in people with type 2 diabetes.118 There-
ore, emerging data indicate that intensive glyce-
ic control reduces the risk of CVD events and

eath, but the benefits appear to be primarily in
ong-term, rather than acute, intensive glycemia
anagement. In type 2 diabetes, insulin-sensitiz-

ng agents may be beneficial for reducing CVD
vent rates. Prospective controlled trials should
e conducted to confirm these observations. Im-
ortantly, caution is advised with use of met-
ormin in patients with CKD, as discussed in
uideline 2. Although studies regarding inten-

ive glycemic control and CVD in people with
iabetes and CKD are nonexistent, the available
ata provide further support for the goal of
eaching an HbA1c level less than 7% or as close
o normal as possible without excessive episodes
f hypoglycemia.

eperfusion and Revascularization for
oronary Heart Disease

Acute Ischemic Syndromes. In virtually all
spects, management of acute myocardial infarc-
ion is similar for patients with and without
iabetes.38 Reperfusion therapies for acute ST-
egment elevation myocardial infarction are
ounded on a strong evidence base and have
ecome the standard of care because deaths and
ubsequent major adverse cardiovascular events
re reduced.102 Coronary artery reperfusion may
e accomplished by using either PCI or fibrino-
ytic therapy. Where acute PCI is readily avail-
ble with expert prompt intervention (within 90
inutes of first medical contact), this approach

rovides superior results compared with fibrino-
ysis.102 However, when acute PCI is not avail-
ble, fibrinolysis should be used as the initial
reatment strategy (within 12 hours of symptom
nset) if contraindications do not exist (eg, his-
ory of intracranial hemorrhage, closed head or
acial trauma, or ischemic stroke within the past
months; uncontrolled hypertension; bleeding t
iathesis; or aortic dissection).102 For acute coro-
ary syndromes (unstable angina or non–ST-
egment elevation myocardial infarction), medi-
al management, including aspirin, heparin,
lycoprotein IIb/IIIa inhibitors, �-blockers, and
CE inhibition, are indicated, usually along with

oronary angiography and PCI.119

Evidence to guide treatment of patients with
KD is sparse. Despite their high risk of death
nd complications from myocardial infarction or
cute coronary syndromes, those with CKD are
ess likely to receive reperfusion or other recom-
ended therapies.120-123 Suboptimal approaches

o managing acute cardiac ischemic syndromes
n the CKD population may result from fear of
uch complications as acute kidney failure or
leeding, among others. However, when recom-
ended therapies have been given to people with
KD, risk of death was decreased in observa-

ional studies.121-123 Data for the subset of pa-
ients with both diabetes and CKD do not exist.
learly, this population should be included in

uture clinical trials of treatment for acute car-
iac ischemic syndromes to define benefits and
isks. In the meantime, the opinion of the Work
roup is that the current standard of care for
yocardial infarction and acute coronary syn-

romes, including PCI, fibrinolysis, antiplatelet
trategies, and other recommended therapies,
hould be used in patients with diabetes and
KD unless specific contraindications exist.
Nonacute Ischemic Syndromes. Optimal
ethods of coronary artery revascularization are

ontroversial. Advances in this field are evolving
o rapidly that technologies used in trials are
ften considered outdated by the time the results
re published. Data specifically concerning people
ith diabetes and CKD are lacking, but for those
ith either diabetes or CKD, coronary artery
ypass surgery has been considered superior to
ercutaneous transluminal angioplasty for mul-
iple-vessel disease.38,124,125 The NKF-KDOQI™
uidelines for CVD in Dialysis Patients came to
similar conclusion based on retrospective and

bservational data, while recommending re-
earch to include prospective controlled trials of
ewer stenting technologies.97 Much of the ben-
fit of coronary artery bypass surgery in diabetes
r CKD stage 5 appears to be derived from use of

he internal mammary artery.38,97
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BackgroundS34
Studies of non–dialysis-dependent patients
ith CKD have been mostly observational co-
ort studies in which PCI did not consistently
nclude stenting.124,125 Since these studies were
onducted, PCI approaches have progressed to
lmost routine use of coronary stents. In a recent
ubgroup analysis of a prospective clinical trial,
he Arterial Revascularization Therapies Study,
atients with a calculated creatinine clearance
ess than 60 mL/min/1.73 m2 had similar sur-
ival free of death, myocardial infarction, or
troke whether they were randomly assigned to
ither coronary artery bypass surgery or PCI with
ultiple-vessel stenting.126 Only repeated revas-

ularization was less frequent with coronary ar-
ery bypass surgery.

Most recently, drug-eluting stents containing
irolimus or paclitaxel were shown to largely
revent restenosis, the most common reason for
ong-term failure of bare metal stents.126-128 Al-
hough patients with diabetes have greater rates
f restenosis and major adverse cardiac events
fter coronary artery stent placement, these com-
lications were reduced markedly in the trials of
rug-eluting stents.127-129 Addition of abciximab
o stenting procedures in patients with diabetes
lso has been advocated to reduce restenosis, but
as not demonstrated a benefit on clinical out-
omes.130 Future studies using drug-eluting stents
re likely to challenge the notion that coronary
rtery bypass surgery is the preferred method of
evascularization in patients with diabetes.

Although controlled trials of revascularization
rocedures are nonexistent for people with both
iabetes and CKD, the excess cardiovascular
isk and deaths associated with diabetes after
CI were driven predominantly by the subset
ith proteinuria in a large observational cohort

tudy.131 This group of patients should be in-
luded in clinical trials of innovative revascular-
zation technologies in the future. In the mean-
ime, the opinion of the Work Group is that either
oronary artery bypass grafting or stenting (single
r multiple vessel) appear to be acceptable meth-
ds of revascularization in people with diabetes
nd CKD. Decisions about revascularization pro-
edures should be based on individual patient
haracteristics, local expertise, and best judg-

ent of the treating physicians.

A
v

RISK FACTOR MANAGEMENT IN DIABETES
AND CKD

he Competing Risks Paradigm: CKD and
VD

People with diabetes and CKD are at high risk
o both lose kidney function and experience
ajor adverse cardiovascular events (Fig 4).
reatment of risk factors reduces the likelihood
f these outcomes. Fortunately, treatment strate-
ies for reducing kidney and cardiovascular risks
re largely shared. The present CPGs and CPRs
or diabetes and CKD are consistent with those
lready established for the treatment of diabetes
nd CVD by the ADA and AHA.34,38 Goals of
he management approaches recommended here
re intended to mitigate the devastating conse-
uences of the spectrum of vascular complica-
ions, including kidney, heart, and others.

ew to the NKF-KDOQI™ Guidelines:
anagement of Hyperglycemia and
eneral Diabetes Care in CKD

This is the first guideline in the NKF-
DOQI™ series to address management of hy-
erglycemia and general diabetes care in people
ith CKD. The purpose of Guideline 2 is to

eview the extensive literature regarding glyce-
ic control and DKD, with an emphasis on

enefits, as well as risks, of intensive treatment
f blood glucose, and to provide recommenda-
ions for the care of people with diabetes compli-
ated by kidney disease.

Hyperglycemia, the defining feature of diabe-
es, is a fundamental cause of vascular target-

CAD, LVH 

CKD CVD

At Increased RiskAt Increased RiskAt Increased Risk

InitiationInitiationInitiation

ProgressionProgressionProgression

End-
Stage
EndEnd--
StageStage

Kidney Failure Heart Failure

Decreased GFR

Albuminuria

DIABETES
HTN, Age, Family History

CVD Events

Figure 4. Diabetes amplifies the CKD and CVD para-
igm.

bbreviations: CAD, coronary artery disease; LVH, left
entricular hypertrophy; HTN, hypertension.
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Background S35
rgan complications, including kidney disease.
ntensive treatment of hyperglycemia prevents
KD and may slow progression of established
idney disease. An overall HbA1c goal of less
han 7.0% for people with diabetes is supported
y substantial data from large prospective ran-
omized studies of both type 1 and type 2 diabe-
es. Much of this support stems from benefits for
ome of the other major complications of diabe-
es, especially retinopathy. With respect to kid-
ey outcomes, data are very strong for the devel-
pment of microalbuminuria (Guideline 2, Fig 8
o Fig 11).116,132-137 The numbers of patients
rogressing to more advanced outcomes, such as
acroalbuminuria and low GFR, are decreased

ignificantly with improved glycemic control,
ut much of this decrease is related to the smaller
umber developing microalbuminuria to begin
ith (Guideline 2, Fig 10 to Fig 12).116,133-141

onetheless, even for those with more advanced
isease, evidence supports reaching the recom-
ended HbA1c target.
The ADA recommends an HbA1c level less

han 7.0% or as close to normal as possible
ithout excessive hypoglycemia.34 The major

isk of attaining HbA1c levels less than 7.0% is
he increasing development of hypoglycemia with
ower glucose concentrations. For people with
ecreased kidney function (CKD stages 3 to 5),
ypoglycemia is a major concern because of
mpaired clearance of insulin and some of the
ral agents used to treat diabetes, as well as
iminished kidney gluconeogenesis. The amount
f gluconeogenesis is decreased with reduced
idney mass.142 Reduction in gluconeogenesis
ay reduce the ability of a patient who is becom-

ng hypoglycemic as the result of excessive insu-
in/oral agent dosage or lack of food intake to
efend against hypoglycemia. Although this ef-
ect is difficult to quantify, the kidney degrades
bout a third of the insulin, leading to a pro-
onged half-life when kidney function is re-
uced. Patients with type 1 diabetes receiving
nsulin who had significant serum creatinine level
levations (mean, 2.2 mg/dL) were reported to
ave a 5-fold increase in the frequency of severe
ypoglycemia.143,144 Therefore, it is imperative
hat patients being treated intensively monitor
heir glucose levels closely and reduce doses of

edicines (insulin and oral agents) as needed to t
void hypoglycemia (Guideline 2, Table 22 and
able 23).
A person with advanced CKD may no longer

eed to achieve good glycemic control to prevent
eterioration in kidney function. However, inten-
ive treatment of hyperglycemia may still pre-
ent or slow the progression of retinopathy, neu-
opathy, and macrovascular disease. Survival
mproves with better glycemic control in patients
n peritoneal dialysis145 and hemodialysis
herapy.146 In the latter study, after adjustment
or age and sex, HbA1c level was a significant
redictor of survival (hazard ratio [HR], 1.13 per
.0% increment of HbA1c; 95% CI, 1.03 to 1.25,
� 0.01).
Data for monitoring glycemic control in people

ith diabetes and CKD essentially are absent.
herefore, in the opinion of the Work Group,
ssessment of glycemic control in diabetes and
KD should follow the general standards recom-
ended by the ADA.34 In people receiving mul-

iple insulin injections, self-monitoring of blood
lucose (SMBG) is recommended 3 or more
imes daily (before meals and at bedtime). In
hose receiving less frequent insulin injections,
ral agents, or medical nutrition therapy alone,
MBG is useful in achieving glycemic goals.
ostprandial SMBG testing also may be helpful,
articularly in patients with gastroparesis, to
chieve postprandial glucose goals. The optimal
requency of SMBG has not been established in
atients with type 2 diabetes treated by oral
gents, but the ADA recommends testing suffi-
iently often to reach glycemic goals (Guideline
, Table 25). In addition, HbA1c level should be
etermined at least twice per year in stable pa-
ients who are achieving glycemic goals and
ore often, approximately every 3 months, in

atients whose therapy has changed or who are
ot reaching goals.
The Work Group emphasizes prevention and

reatment of all diabetic complications in people
ith diabetes and CKD. Assessment and manage-
ent of CVD has been addressed in the preced-

ng section. Management of retinopathy and foot
are also is essential for optimal outcomes. In the
bsence of specific data in the diabetes and CKD
opulation, the Work Group recommends follow-
ng the standards set by the ADA.34 An ophthal-
ologist or optometrist who is experienced in
he diagnosis and management of diabetic retinop-
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BackgroundS36
thy should perform a comprehensive dilated-
ye examination annually in all people with
iabetes (Guideline 2, Table 26). Patients should
e educated about the importance of foot surveil-
ance and ulcer prevention with an emphasis on
elf-management, as discussed in CPR 4. The
eet should be examined visually at each health
are visit. A comprehensive foot examination,
ncluding visual inspection, Semmes-Weinstein
onofilament testing, and use of a 128-Hz tun-

ng fork for testing of vibratory sensation, should
e performed annually. Because the risk of ulcers
nd amputations is increased in those with diabe-
es and CKD, referral to foot-care specialists for
nnual examinations and preventive care is en-
ouraged.

pdates to the NKF-KDOQI™ Guidelines:
anagement of Hypertension,
yslipidemia, and Nutrition

Previous guidelines from the NKF-KDOQI™
eries have addressed hypertension, dyslipide-
ia, and nutrition in CKD.5,6,9 The purpose of
uidelines 3, 4, and 5 is to focus on care of
eople with both diabetes and CKD, summarize
apidly emerging literature in these fields, and
ranslate the results into updated recommenda-
ions for clinicians.

Hypertension
The natural history of DKD is characterized

y hypertension, increasing albuminuria, and de-
reasing GFR. In both types of diabetes, the
atural history is similar, with the exception that
nset of hypertension and vascular disease is
arlier in the course of type 2 diabetes.147,148

ypertension is one of the most common comor-
idities in DKD (Guideline 3, Table 29). Because
he studies cited in Guideline 3, Table 29, were
ublished before the Seventh Report of the Joint
ational Committee on Prevention, Detection,
valuation, and Treatment of High Blood Pres-
ure (JNC 7), hypertension generally was de-
ned as blood pressure greater than 140/90 mm
g.149-153 The JNC 7 defines hypertension in

hose with diabetes or CKD as blood pressure
reater than 130/80 mm Hg.154 Thus, the preva-
ence estimates in Guideline 3, Table 29, likely
epresent lower range values based on current
riteria for hypertension in diabetes or CKD. A

arge number of epidemiological studies and w
ontrolled trials have defined hypertension as a
isk factor for progression of DKD, and antihy-
ertensive treatment reduces this risk (Guideline
, Fig 18).5 Studies of people with type 1 or type
diabetes and CKD stages 1 to 4 were included

n the evidence review. Based on the available
vidence, the Work Group recommends a blood
ressure target of less than 130/80 mm Hg with
CE inhibitors and ARBs as preferred agents,
sually in combination with a diuretic, for the
reatment of hypertension in diabetes and CKD
Guideline 3, Table 27). Because diabetes is
ighly prevalent, individuals with other types of
KD may have diabetes. The approach to antihy-
ertensive treatment in DKD does not conflict
ith that recommended for CKD in general.34,154

The emphasis of the evidence review was on
he effects of treating hypertension on kidney
utcomes, although control of blood pressure
lso is essential for reducing CVD risk. In people
ith either type 1 or type 2 diabetes and mi-

roalbuminuria, prevention of DKD progression
y treatment with ACE inhibitors or ARBs is
upported by moderate evidence.155-166 For the
urpose of the current guidelines, this evidence
as considered moderate rather than strong be-

ause of insufficient data for outcomes other than
lbuminuria (ie, decrease in GFR, CKD stage 5,
r mortality). The Work Group seriously deliber-
ted about whether progression of albuminuria is
n acceptable surrogate outcome for progression
f DKD. As detailed in CPR 1, they eventually
oncluded that further study of this issue is
ecessary to resolve the controversy. For those
ith hypertension and macroalbuminuria, evi-
ence strongly supports use of ACE inhibitors in
ype 1 diabetes and ARBs in type 2 diabetes to
revent progression of DKD (Guideline 3, Fig 13
o Fig 15).167-169 In the view of the Work Group,
he existing evidence has been influenced heavily
y the design of the studies, which used ACE
nhibitors in type 1 diabetes and ARBs in type 2
iabetes. Based on biological plausibility, simi-
ar modes of action, and smaller studies, the

ork Group considers these 2 classes of agents
ssentially interchangeable and did not distin-
uish between them in the guideline statement.
To achieve target blood pressure, multiple

ntihypertensive agents usually are required
Guideline 3, Table 32). Therefore, most people

ith diabetes and CKD require medicines in
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Background S37
ddition to RAS inhibitors for optimal control of
ypertension. Diuretics are especially useful in
his population. �-Blockers and calcium channel
lockers also are effective therapies. Based on a
eries of small studies and the Irbesartan Dia-
etic Nephropathy Trial (IDNT), calcium chan-
el blockers of the dihydropyridine class may
orsen proteinuria and failed to improve clinical
utcomes when used as primary antihyperten-
ive therapy in DKD.170,171 Conversely, in the
ntihypertensive and Lipid-Lowering Treatment

o Prevent Heart Attack Trial (ALLHAT) sub-
roup with type 2 diabetes and CKD (defined as
FR � 60 mL/min/1.73 m2), amlodipine was

omparable to lisinopril or chlorthalidone for
FR decrease or onset of kidney failure when

ach agent was given separately.172 However,
he lack of albuminuria/proteinuria data and rela-
ively limited sample size in this substudy pre-
lude firm conclusions. Based on numerous stud-
es of proteinuric kidney diseases (DKD and
on-DKD),154 it was the opinion of the Work
roup that dihydropyridine calcium channel
lockers should not be used in the absence of
oncurrent RAS inhibition for DKD character-
zed by microalbuminuria or macroalbuminuria.
owever, dihydropyridine calcium channel
lockers appear to be safe in such patients if they
lso use an ACE inhibitor or an ARB.173

Dyslipidemia
Dyslipidemia is common in people with diabe-

es and CKD. Modifying CVD risk by using
ipid-lowering agents is of great importance, as

A  nitatsavrot
 obecalP

Figure 5. Cumulative inci-
ence estimate of the combined
rimary end point for placebo and
torvastatin treatment groups in
he 4D.
olid line: placebo; dotted line:
torvastatin treatment. Reprinted
ith permission.100
iscussed (in Diabetes, CKD, and CVD). The l
KF-KDOQI™ CPGs for Managing Dyslipide-
ia in CKD Patients were published recently,6

nd the CPGs for CVD in Dialysis Patients
dded new information about the management of
yslipidemia in dialysis patients.10 Guideline 4
ocuses specifically on patients with diabetes and
KD stages 1 to 5. In general, the guidelines for
se of lipid-lowering agents in CKD stages 1 to 4
ue to diabetes and other causes do not con-
ict,174-177 although there is no direct or indirect
vidence for treating patients with CKD stage 4.
he Work Group recommends that people with
iabetes and CKD stages 1 to 4 be treated accord-
ng to current guidelines for groups at high CVD
isk.6,175 Therefore, the target low-density li-
oprotein cholesterol (LDL-C) level should be
ess than 100 mg/dL, with less than 70 mg/dL as

therapeutic option (Guideline 4, Table 36).
ipid-lowering agents in the statin class are the
referred drug therapies. However, treatment with
statin should not be initiated in patients with

ype 2 diabetes on maintenance hemodialysis
herapy who do not have a specific cardiovascu-
ar indication for treatment because of negative
esults for CVD outcomes reported recently in
he 4D (Fig 5).100 This finding represents an
pdate from previous guidelines because 4D was
he first prospective randomized trial in hemodi-
lysis patients with diabetes.6,10,100 Indirect evi-
ence on the beneficial effects of pravastatin in
iabetes and CKD stages 1 to 3 from recent post
oc analyses of large multicenter trials also was
dded.99 Recommendations for treatment of dys-

9285631252 873 515916
 91 15 631  252 383 235 636
ipidemia in diabetes and CKD are based on
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BackgroundS38
VD risk reduction because the current state of
vidence is insufficient to support treatment for
reservation of kidney function. In the opinion of
he Work Group, studies to determine effects of
tatins or other lipid-lowering agents on progres-
ion of kidney disease are critically important to
he goal of optimizing care for people with
iabetes and CKD.

Nutrition
Management of diabetes and CKD should

nclude nutritional intervention. Guideline 5 ad-
resses dietary strategies in people with diabetes
nd CKD stages 1 to 4. Dietary recommenda-
ions for CKD stage 5 are provided in the
DOQI™ CPGs for Nutrition in Chronic Renal
ailure.9 Nutritional management for people with
iabetes has focused traditionally on blood glu-
ose control. However, dietary modifications may
educe the progression of CKD, as well. In
articular, dietary protein intake at all stages of
KD appears to have an important impact in the
opulation with diabetes. When dietary protein is
imited, adequate caloric intake must be main-
ained by increasing calories from carbohydrates
nd/or fats. Competing needs for nutritional man-
gement of hyperglycemia, hypertension, and
yslipidemia can make determination of appro-
riate protein intake challenging.
A dietary protein intake of 0.8 g/kg body

eight per day (about 10% of total calories), the
ecommended daily allowance (RDA) for this
acronutrient, is a level that has been achieved

n studies of nutritional intervention for diabetes
nd CKD. Nutrition surveys indicate that most
mericans eat in excess of the RDA level.178 In
meta-analyses, low-protein diets reduced risks

f progression of albuminuria/proteinuria and
oss of GFR, with more pronounced benefits in
KD than non-DKD (Guideline 5, Fig 21).179,180

ore recently, even a modest limitation of di-
tary protein (0.89 versus 1.02 g/kg body weight
er day) reduced the risk of CKD stage 5 or
eath (relative risk [RR], 0.23; 95% CI, 0.07 to
.72; P � 0.04) in people with type 1 diabetes
nd stage 2 CKD (inferred based on levels of
lbuminuria and GFR; Guideline 5, Fig 22).181

enefits of limiting dietary protein intake are
ore evident in type 1 than type 2 diabetes, but

ewer studies have been done in the latter popula-

ion. Based on the available evidence, the Work m
roup concluded that limiting dietary protein to
he RDA level of 0.8 g/kg body weight per day
hould stabilize or reduce albuminuria, slow the
ecrease in GFR, and may prevent CKD stage
.179-186 The current recommendation for dietary
rotein in diabetes and CKD stages 1 to 4 repre-
ents an update to the diet recommended by the
KF-KDOQI™ CPGs for Hypertension and An-

ihypertensive Agents in CKD (Guideline 5, Table
3).5

At the other end of the spectrum, high-protein
iets are a special concern in patients with diabe-
es because they may increase albuminuria and
ccelerate loss of kidney function. Based on both
tudies of humans and experimental models,
igher protein intake appears to produce more
rofound glomerular hyperfiltration and kidney
amage in diabetes.153,187-196 Emerging epide-
iological evidence indicates that higher protein

ntake (�20% versus 10% of total daily calories)
s associated with loss of kidney function in
omen with mildly decreased GFR (CKD stages
to 2 inferred) and the development of mi-

roalbuminuria in people with diabetes and hyper-
ension.197,198 Therefore, in the opinion of the

ork Group, people with diabetes and CKD
hould avoid high-protein diets (�20% of total
aily calories). Some common fad diets that
ecommend high protein are Atkins®, Protein
ower, the Zone, South Beach®, and Sugar Bust-
rs®.

In the Dietary Approaches to Stop Hyperten-
ion (DASH) and DASH-Sodium diets, a rela-
ively high protein intake (1.4 g/kg body weight
er day, or about 18% of total calories) is recom-
ended.199 Sources of protein in the DASH diets

mphasize vegetables, low-fat or nonfat dairy
roducts, whole grains, nuts, legumes, fish, and
oultry. Red meat is eaten in only small amounts.
n recent studies of people with prehypertension
r untreated stage 1 hypertension, higher protein
ntake from either soy or predominantly veg-
table sources decreased blood pressure in short-
erm (6 to 12 weeks) feeding studies.200,201 Along
ith the DASH trials, these data suggest that
redominantly nonmeat protein may have a ben-
ficial effect on blood pressure. Small studies
uggest that vegetable or soy protein sources
ay be kidney sparing compared with red meat

ources in diabetes and CKD.182,202 Further-

ore, the risk of losing kidney function in women
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Background S39
ith mildly decreased GFR in the Nurses Health
tudy was related primarily to animal meat in-

ake.197,198 Therefore, a DASH-type diet that
mphasizes sources of protein other than red
eat may be a reasonable alternative to a lower

otal protein intake in people with hypertension,
iabetes, and CKD stages 1 to 2.

ew to NKF-KDOQI™ CPRs:

How Should Albuminuria Be Managed in
ormotensive Patients With Diabetes?
Increased levels of urinary albumin excretion

redict increased risk of kidney and CVD out-
omes in diabetes, as reviewed extensively in
uideline 1 and the preceding section, Diabetes,
KD, and CVD. Albuminuria is believed to reflect
ndothelial injury that extends from the glomerulus
o the arterial circulation at large, thus linking this
arker to both kidney disease and CVD. The

oncept that treatments aimed at decreasing albu-
inuria may improve clinical outcomes has been a

ubject of great interest and debate.
CPR 1 addresses the evidence for treatment of

ormotensive patients who have diabetes and
levated albuminuria with RAS inhibitors. Rela-
ively few studies of these antihypertensive agents
ave recruited normotensive patients. In a study
f type 1 diabetes with macroalbuminuria, ACE
nhibitors decreased albuminuria and reduced
he risk of clinical outcomes (doubling of serum
reatinine level, CKD stage 5, or death) regard-
ess of the presence or absence of hyperten-
ion.168 A quarter of the participants in this study
ere normotensive. There was no significant
ifference in the treatment effect between normo-
ensive and hypertensive individuals. In type 2
iabetes with macroalbuminuria, ARB treatment
lso reduced the risk of clinical outcomes in 2
eparate studies.167,169 However, these studies
ad very few participants with normal blood
ressure. Treatment of microalbuminuria by ACE
nhibition in normotensive people with type 1
iabetes reduces the level of albuminuria and
revent progression to macroalbuminuria in a
eta-analysis.203 A small study of normotensive

atients with type 1 diabetes showed that ACE
nhibition prevented new-onset microalbumin-
ria.204 Several studies have evaluated ACE inhi-
ition in normotensive people with type 2 diabe-

es and microalbuminuria.104,205-207 All studies u
emonstrated decreased progression to mac-
oalbuminuria and/or reduced levels of albumin-
ria.
In the opinion of the Work Group, change in

evel of albuminuria or transition between catego-
ies (normoalbuminuria, microalbuminuria, or
acroalbuminuria) in normotensive people with

iabetes is relatively weak evidence for change
n status or prognosis of kidney disease. The
ationale for this opinion is as follows. First,
evel of albuminuria or crossing an albumin-
reatinine ratio (ACR) threshold is not a clinical
nd point. Second, RAS inhibitors might mask
he progression of DKD marked by albuminuria.
n type 1 diabetes, withdrawal of ACE inhibition
aused a rapid increase in albuminuria,208 and in
ype 2 diabetes, discontinuation of irbesartan in
he Irbesartan in Patients With Type 2 Diabetes
nd Microalbuminuria (IRMA-2) Study prompted
rapid return to pretreatment levels of albumin-
ria in patients receiving the lower dose of irbe-
artan and a partial return to pretreatment levels
n those receiving the higher dose of irbesar-
an.209 Third, few normotensive patients with
iabetes and microalbuminuria or macroalbumin-
ria have been enrolled in clinical trials of treat-
ents for kidney disease. The demonstrated ben-

fits of RAS inhibitors for reducing and
tabilizing albuminuria were noted; however, in
he absence of studies with clinical end points,
he Work Group found this evidence insufficient
o justify a higher evidence rating.

Despite these concerns, the consensus of the
ork Group was that the benefit of ACE inhibi-

ors and ARBs for reducing albuminuria and
elaying kidney disease progression are likely to
e similar among most people with diabetes and
icroalbuminuria or macroalbuminuria regard-

ess of their blood pressure level. Therefore, CPR
recommends treatment with RAS inhibition for
ormotensive patients with diabetes and mi-
roalbuminuria or macroalbuminuria. The Work
roup encourages further research to determine

ffects of ACE inhibitors and ARBs on albumin-
ria and clinical outcomes in normotensive people
ith DKD.

Is Albuminuria an Acceptable Surrogate
arker for Progression of DKD?
CPR 1 addresses whether changes in albumin-
ria are sufficient to predict clinical outcomes in
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BackgroundS40
KD. Studies testing the hypothesis that albumin-
ria reduction predicts improved prognosis in
KD have been performed only as secondary

nalyses of studies of ARB treatment in peo-
le with type 2 diabetes and macroalbumin-
ria.210-212 In these studies, level of albuminuria
eduction was a marker of decreased risk of
dverse outcomes. Observational analyses from
he Reduction of Endpoints in Non–insulin-
ependent diabetes mellitus (NIDDM) with the
ngiotensin II Antagonist Losartan (RENAAL)

rial found that the magnitude of albuminuria
eduction predicted reduced risk for both CVD
vents and kidney end points (CPR 1, Fig 23 and
ig 24).211,212 Similarly, an analysis from the
DNT found that degree of proteinuria reduction
orresponded to decreased kidney end points
CPR 1, Fig 25).210 These findings raise the
ypothesis that albuminuria reduction per se has
eneficial effects. However, an alternative possi-
ility is that albuminuria reduction is a marker
or patients with less severe kidney and vascular
isease. A strategy of targeting treatment of albu-
inuria, in addition to blood pressure and other

isk factors, has not been tested prospectively in
atients with diabetes. Furthermore, to date, only
hese secondary analyses from the RENAAL
rial and IDNT have directly correlated albumin-
ria/proteinuria reduction with clinical benefit.
In the opinion of the Work Group, there cur-

ently is insufficient evidence to assume that
owering albuminuria levels will necessarily lead
o improvements in such clinical outcomes as
rogression to CKD stage 5, CVD events, or
eath. Conversely, the failure to reduce albumin-
ria does not preclude a beneficial clinical effect
n DKD from a potential intervention. There-
ore, to be considered efficacious, potential treat-
ents for DKD must demonstrate benefits not

nly on albuminuria reduction, but also on such
linical end points as CKD stage 5, CVD events,
r death.213 Nevertheless, the emerging data gen-
rate a strong hypothesis that should be tested in
rospective controlled studies—namely, do treat-
ents (ACE inhibitors, ARBs, or others) that

ecrease albuminuria result in improved CKD
nd CVD outcomes in people with diabetes?

The Value of Multifaceted Intervention
Although these and other guidelines present
ecommendations for management of risk fac- 2
ors separately, in reality, multiple risk factors are
anaged concurrently in patients with diabetes

nd CKD. In addition, considering the burgeon-
ng epidemic of obesity and its role in producing
iabetes and, possibly, kidney disease, the impor-
ance of weight control should be considered in
he care of patients with diabetes and CKD. CPR

was developed to address these issues and
ncourage further investigation.

In the Steno Study, a multifaceted approach
imed at optimal management for a group of risk
actors was evaluated in patients with type 2
iabetes and microalbuminuria.45,46 The interven-
ion had multiple targets, including behavioral
odification and pharmacological therapies for

yperglycemia, hypertension (emphasizing RAS
nhibitors), dyslipidemia, CVD prevention with
spirin, and a vitamin/mineral supplement (CPR
, Table 1). This intensive intervention was com-
ared with usual care. A mean decrease in albu-
inuria (albumin decreased 20 mg/24 h) was

bserved in the intensive-intervention group,
hereas a mean increase occurred in patients in

he usual-care group (albumin increased 30 mg/24
). Albuminuria progression and the composite
utcome of CVD events or death were decreased
n the group treated intensively (CPR 2, Fig 26).
owever, which facets of the intervention are

ssociated with reduced risk is uncertain. Further-
ore, because the intensive intervention in-

reased use of RAS inhibitors, the contribution
f other treatments is unclear. Despite these
imitations, the Work Group recognizes the impor-
ance of addressing multiple risk factors in an
ntegrated fashion. The incremental effects of a
ultifaceted approach appear to add up to sub-

tantial clinical benefits.
Obesity now is recognized as a risk factor for

iabetes, hypertension, CVD, and possibly CKD.
ecent estimates from NHANES report that 31%
f the US population is obese (BMI � 30 kg/
2).214 A growing body of evidence indicates

hat obesity is linked to CKD.215-221 Whether
his link is independent of diabetes, hyperten-
ion, or perhaps other risk factors is not yet clear.
evertheless, obesity is associated with the devel-
pment of proteinuria and loss of kidney func-
ion. Metabolic syndrome risk factors, as well as
dipose-derived factors, may lead to kidney dam-
ge. Maintaining a normal weight (BMI, 18.5 to

4.9 kg/m2) improves risk factors and may de-
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Background S41
rease the development or progression of CKD.
he Work Group recommends that weight loss
e achieved by a balanced reduction in caloric
ntake, rather than by diets that derive excess
alories (�20%) from animal protein (Guideline
). Regular physical exercise also is encouraged
o assist in achieving and maintaining a normal
eight.

Lifestyle and Behavioral Management
Strategies for behavioral change and self-
anagement of risk factors are addressed in CPR

. Because of the paucity of data in the diabetes
nd CKD population, these recommendations
ere extrapolated from data in other groups and

hus are included in the CPR section. A proposed
pproach to a diabetes and CKD self-manage-
ent program is provided in CPR 4, Table 56.
At the core of the diabetes epidemic and its
onsequent complications is a fundamental shift q
n lifestyle. In a relatively short time span, vigor-
us physical activity and limited calories have
een replaced by sedentary behavior and a seem-
ngly endless array of calorie-dense foods that
re cheap and easily obtained. Thus, major chal-
enges of the present century are the dual prob-
ems of overfeeding and obesity. Optimal man-
gement of risk factors, including hypertension,
iabetes, and dyslipidemia, is emphasized in
hese guidelines. However, this emphasis is
irected too often toward drug therapies with-
ut enough attention to key lifestyle issues. In
he view of the Work Group, addressing life-
tyle through behavioral change is critically
mportant for success in reducing the devastat-
ng impact of diabetes and CKD. The Work
roup considers investigation in this area of
articular importance to successfully translate
dvances in knowledge to improvements in

uality of life and health.
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GUIDELINE 1: SCREENING AND DIAGNOSIS OF DIABETIC

KIDNEY DISEASE
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CKD in patients with diabetes may or may
ot represent DKD. In the absence of an
stablished diagnosis, the evaluation of pa-
ients with diabetes and kidney disease should
nclude investigation into the underlying
ause(s).

.1 Patients with diabetes should be screened
annually for DKD. Initial screening should
commence:
● 5 years after the diagnosis of type 1

diabetes; (A) or
● From diagnosis of type 2 diabetes. (B)

1.1.1 Screening should include:
● Measurements of urinary ACR

in a spot urine sample; (B)
● Measurement of serum creati-

nine and estimation of GFR.
(B)

.2 An elevated ACR should be confirmed in
the absence of urinary tract infection
with 2 additional first-void specimens
collected during the next 3 to 6 months.
(B)
● Microalbuminuria is defined as an

ACR between 30-300 mg/g.
● Macroalbuminuria is defined as an

ACR > 300 mg/g.
● 2 of 3 samples should fall within the

microalbuminuric or macroalbumin-
uric range to confirm classification.

.3 In most patients with diabetes, CKD
should be attributable to diabetes if:
● Macroalbuminuria is present; (B) or
● Microalbuminuria is present

� in the presence of diabetic retinopa-
thy, (B)

Table 3. Definitions of Abn

Category 
Spot Collection  

(mg/g creatinine) 

 03< airunimublaomroN

 003-03 airunimublaorciM

 003> airunimublaorcaM
 Because of variability in urinary albumin excretion, at least 2 specimens, p

abnormal before considering a patient to have crossed 1 of these diagnos

marked hyperglycemia, pregnancy, marked hypertension, urinary tract infection, and

American Journal of Kidney Dise42
� in type 1 diabetes of at least 10
years’ duration. (A)

.4 Other cause(s) of CKD should be consid-
ered in the presence of any of the follow-
ing circumstances: (B)
● Absence of diabetic retinopathy;
● Low or rapidly decreasing GFR;
● Rapidly increasing proteinuria or ne-

phrotic syndrome;
● Refractory hypertension;
● Presence of active urinary sediment;
● Signs or symptoms of other systemic

disease; or
● >30% reduction in GFR within 2-3

months after initiation of an ACE
inhibitor or ARB.

BACKGROUND

DKD, traditionally termed “diabetic nephrop-
thy,” is a clinical diagnosis that historically has
een based on the finding of proteinuria in a
erson with diabetes. This definition is indepen-
ent of such markers of CKD as pathological
hange or a decreased GFR, and it initially was
onfined to those now considered to have mac-
oalbuminuria. The development of more sensi-
ive assays specific for albumin has since led to
he detection of smaller increases, now termed
icroalbuminuria or “incipient nephropathy.” The

ower limit of microalbuminuria is set somewhat
rbitrarily at an albumin excretion rate (AER) of
0 �g/min, which is equivalent to 30 mg/24 h or
n ACR of 30 mg/g (Table 3).222 These defini-
ions have had some clinical utility in that indi-
iduals with macroalbuminuria historically had a
rogressive decrease in GFR associated with an
ncrease in systemic blood pressure, whereas
hose with microalbuminuria were considered to

ities in Albumin Excretion

24-Hour Collection  
(mg/24 h) 

Timed Collection  
(µg/min) 

 02< 03<

 002-02 003-03

 002> 003>
first morning void, collected within a 3- to 6-month period should be 
lds. Exercise within 24 hours, infection, fever, congestive heart failure, 
ormal

referably 
tic thresho
 hematuria may increase urinary albumin over baseline values.  

ases, Vol 49, No 2, Suppl 2 (February), 2007: pp S42-S61
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Screening and Diagnosis of Diabetic Kidney Disease S43
ave stable kidney function, yet were at high risk
f subsequent development of macroalbuminuria
nd kidney failure.223

More recent information has led to a reevalua-
ion of some of these concepts.224-226 The find-
ng that a substantial proportion of patients with
ype 1 and type 2 diabetes and microalbuminuria
pontaneously regress to normoalbuminuria calls
nto question the inevitability of kidney disease
rogression (Tables 4 and 5).224,226,227 The sub-
tantial variability in the severity of underlying
athology in type 1 diabetes228,229 and the heter-
geneous nature of pathology in type 2 diabe-
es230 suggests that microalbuminuria may or

ay not reflect underlying DKD. Given the
trongly positive relationship between the dura-
ion of diabetes and DKD, particularly in type 1
iabetes,231 the presence of elevated albuminuria
n diabetes of short duration should raise con-
erns about non-DKD. Furthermore, although
ntihypertensive therapy reduces albuminuria,
here is little evidence that it affects the underly-
ng pathology, and short-term withdrawal of anti-
ypertensive medicines can result in increases in
lbuminuria to pretreatment levels.208 Finally,
he situation is complicated by the increasing use
f microalbuminuria as a marker/predictor of
VD in people with and without diabetes. All

hese factors imply that the underlying mecha-
isms of albuminuria are multiple, not entirely
athology dependent, and do not fit neatly into
efinitions of CKD. Thus, any definition of DKD
as to take all these factors into account.
Most professional societies concerned with

iabetes and kidney disease now advocate screen-
ng for microalbuminuria in patients with diabe-
es.34,35 These recommendations have been made
lthough there are no conclusive data that early
ntervention and treatment of microalbuminuria
revents CKD stage 5 or mortality in such pa-
ients.

RATIONALE

efinitions

Definitions of DKD by albuminuria and stage
re shown in Table 6. For this guideline, we
ncluded studies of people with type 1 or type 2
iabetes and CKD stages 1 to 5 regardless of
hether kidney biopsies were performed. Stud-
es of kidney transplant recipients were ex- i
luded. Because of the high prevalence of diabe-
es in the population, many individuals with
ther types of CKD also may have diabetes.
ccordingly, the term DKD refers to a presump-

ive diagnosis of kidney disease caused by diabe-
es. The term diabetic glomerulopathy should be
eserved for biopsy-proven kidney disease caused
y diabetes.

Microalbuminuria and estimation of GFR
atisfy criteria for a screening test for DKD.
Moderate)

Microalbuminuria is an independent risk fac-
or for the development of CKD41,232 and GFR
oss223,233 and for cardiovascular morbidity and

ortality.234,235 It is relatively common, and in
tudies using the cutoff points recommended in
his guideline, the point prevalence of microalbu-

inuria varies (depending on the population)
rom 7% to 22% in type 1236-238 and from 6.5%
o 42% in type 2134,239-241 diabetes. Annual inci-
ence rates of microalbuminuria of 1% to 2% are
eported consistently for both type 1 and type 2
iabetes.
Tests for microalbuminuria are widely avail-

ble, relatively inexpensive, and easy to perform.
ecause variations in urinary concentration
aused by hydration status may adversely affect
he interpretation of tests of albumin concentra-
ion alone and timed collections are inconvenient
nd prone to inaccuracy, the Work Group recom-
ends estimating the ACR in a spot urine sample

preferably the first morning void).242

The sensitivity and specificity of ACR esti-
ates are greater than 85% compared with timed

rine collections.242 Some reported variation is
ependent upon the method of albumin and cre-
tinine measurement. Moreover, there is continu-
ng debate around the effect of gender on the
efinition of normal values. Because women
ormally have lower urinary creatinine concen-
rations than men, their ACR values are higher
or the same level of urinary albumin excretion.
ccordingly, some investigators have recom-
ended lower ACR cutoff values for normoalbu-
inuria in men than women. Whether sex-

pecific cutoff values improve accuracy is
nknown and requires further study. Neverthe-
ess, because urinary albumin excretion has an

ntraindividual CV of approximately 40%,36 mul-



Table 4. Albuminuria as a Predictor of Albuminuria Progression in Type 1 Diabetes

Results
Author, Year 

Mean Study 
Duration (y) 

Mean GFR 
Duration of 
Diabetes (y) 

Applicability N 
Description of 
Albuminuria Improve to 

NormoAlb
Improve to 

MicroAlb
Worsen to 
MicroAlb

Worsen to 
MacroAlb

Quality

Chaturvedi, 2001 304 7.3 nd 14 1,134 NormoAlb   13% 1.7% 

Scott, 2001 305 4 nd 13  943 NormoAlb   12%   
277 NormoAlb   19% 9.7% 

Hovind, 2004 306 18 SCr 0.90 
Newly

diagnosed 79 MicroAlba 17%   34%  
Giorgino, 2004 263

(substudy of 
Chaturvedi, 2001    ) 

7.3 nd 16 578 MicroAlb 51%   14% 

1st period: 39%   7% 
2nd period: 38%   13% 
3rd period: 40%   15% Perkins, 2003 226 6 nd 17.5  386 MicroAlb 

6-year
cumulative: 58%b   22%b

 

  1-3 yc: 6.4% 
  >10yc: 20% Warram, 1996 242 2.5 nd 1-39  1,613 NormoAlb 
  >30yc: 52% 

>30 yc: 27%  

167 NormoAlbd   23/7.2%e 0.6% 
92 BorderlineAlbd 44%  25% 1.1% 

110 MicroAlb 40% 20%e  14% 
Agardh, 1997 307 5 SCr 0.88 20  

64 MacroAlb 7.8% 4.7/23%e   
 %9    blAomroN 35 8.3

Messent, 1992 233 23 nd 
14.1 8 MicroAlb    88% 

Osterby, 2002 308 8 140 11  18 MicroAlb    28%  

Hovind, 2001 249 8.7 78 22 321 MacroAlb    39/22%f  

186 NormoAlbd   8% 1% 
103 High NormoAlbd   24% 2% 
118 MicroAlb    14% 

Torffvit, 1993 309 5.2 nd 20  

69 MacroAlb 7% 22%   

 

Schulz, 2000  6 nd 1-9  442 NormoAlb   4%   

a A subset of normoalbuminuria. 
b. Recalculated incidence data came from correspondence with investigators: regression and progression of microalbuminuria using classifications based on ACR: men, 20 to 200, and women, 30 to 300. 
c Duration of diabetes.  
d NormoAlb defined as albumin less than 12.5 mg/L. BorderlineAlb or HighNormoAlb defined as albumin of 12.5 to 30 mg/L. 
e Borderline or high Normo/microalbuminuria. 
f Progression/remission to nephrotic-range albuminuria. 
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Table 5. Albuminuria as a Predictor of Albuminuria Progression in Type 2 Diabetes

Results
Author,
Year

Mean Study 
Duration (y) 

Mean GFR 
Duration of 
Diabetes (y) 

Applicability N 
Description of 
Albuminuria Improve to 

NormoAlb
Improve to 
MicroAlb

Worsen to 
MicroAlb

Worsen to 
MacroAlb

Quality

359
NormoAlb

(0-10 mg/24 h) 25% 
131 (10.1-20 mg/24 h)   47%  

Rachmani, 
2000 311 8.9 117 1.9  

109 (20.1-30 mg/24 h)   85%  

  

50 MicroAlb    
37% 

∆ 101%b

P <.05 
Nelson, 
1996a 312 4 123-155 1-16.3  

34 MacroAlb    ∆ 133%b

P <.05 

  

Nelson, 
1993 313 4.8 nd nd 364 MacroAlb  8.5%     

Sosenko, 
2002 314 3.9 nd 

New onset 
diabetes  105 NormoAlb    18%    

4,727 NormoAlb   2.0% per year 0.1% per year 
333 MicroAlb     2.8% per year 

UKPDS 64, 
2003 c 41 10.4 SCr 0.93 10.4d  

37 MacroAlb     
 

208 NormoAlb   13% 1% 
94 MicroAlb 31%   18% Chan, 1995 315 2.2 PCr 0.88 5.5 
72 MacroAlb 4.2% 15%   

252 NormoAlb   38% 10% 
103 MicroAlb    37% 

Torffvit, 
2001 316 9  SCr 0.9 10  

30 MacroAlb     
 

37
MicroAlb

Progressorse 0%   22% 

37
MicroAlb

Nonprogressors
22%   8% 

17
MacroAlb

Progressorse  0%   

Nosadini
2000 252 2-6 99 >10 

17
MacroAlb

Nonprogressors
 17%   

241 NormoAlb   26% 4.1% 
61 MicroAlb 15%   38% John, 1994 317 5 SCr 0.9  7-13 
14 MacroAlb  7.1%   

a 69% type 2 diabetes. 
b During the 4-year period, urinary ACR increased by 101% (from 84.9 to 170.9) in those with microalbuminuria (P = 0.003) and by 133% (from 1,123 to 2,621) in those with macroalbuminuria (P = 0.001). 
c Longitudinal analysis of randomized controlled trial. 
d New-onset diabetes at the time of trial enrollment and analyzed with a median duration of diabetes of 10.4 years. 
e Progressors/nonprogressors:  microalbuminuric and proteinuric patients were subdivided into progressors (below median: –0.4 %GFR among microalbuminuric and –1.8 %GFR among proteinuric patients, respectively) and 

nonprogressors (above median %GFR). 
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Guidelines for Diabetes and CKDS46
iple positive test results are required for classifi-
ation.

Although microalbuminuria satisfies nearly all
riteria for a screening test, it does not satisfy the
riterion of providing proven clinical benefits
ecause the impact of microalbuminuria detec-
ion on such hard clinical end points as CKD
tage 5, GFR loss, or CVD morbidity/mortality
as not been demonstrated unequivocally (Table
and Table 8). Nevertheless, the ADA and other

iabetes professional societies recommend an-
ual screening for microalbuminuria based on
he treatment possibilities discussed in CPR 1.
he Work Group supports these screening recom-
endations while recognizing the need for fur-

her studies to define the impact of microalbumin-
ria detection on hard clinical end points. The
uggested screening plan, adapted from the ADA
uideline, is shown in Fig 6.34,35

The evidence for the usefulness of eGFR alone
s a screening test for CKD in diabetes is less
ecure. Many patients with diabetes and CKD
ay have elevated or high-normal GFRs, particu-

arly in the early years after diagnosis. The same
s true for all types of CKD. Whether values of
FR greater than 90 mL/min reflect progressive
KD may be determined best by the slope of

equential GFR estimates, rather than a single
stimate. Therefore, markers of kidney damage
re required to detect early stages of CKD; eGFR
lone can detect only CKD stage 3 or worse.
lthough eGFR is recommended to classify pa-

ients with diabetes into stages of CKD (Table 6),
ome potential problems exist with the currently
vailable estimating equations. The Modification
f Diet in Renal Disease (MDRD) equation,

Table 6. Likelihood of DKD According

  
GFR (mL/min) CKD Stage* Normoalbuminur
>60 1 + 2 At risk† 
30-60 3 Unlikely DKD  
<30 4 + 5 Unlikely DKD  
*Staging may be confounded by treatment because RAS blockade could re
microalbuminuric. Thus, although staging is done according to the current l
affected by past history. Therefore, when available, data before the initiatio
†Because patients with diabetes often have elevated GFR in the early year
function. Kidney biopsy in these patients can show histological evidence of
glycemic control, longer duration, hypertension, retinopathy, high-normal al
and DKD.  
‡Reduction in GFR in patients with diabetes and normoalbuminuria is well d
shows evidence of diabetic glomerulopathy. However, in the absence of his
which may require further investigation based on the criteria described in th

‡

‡

resently the most widely used estimating equa- f
ion for staging CKD, has been validated in only
mall numbers of patients with diabetes and
KD,243 and other equations may provide better
stimates of GFR in these patients.244 An NIH-
ponsored study currently is ongoing with the
urpose of developing a new equation derived
rom multiple databases along with extensive
alibration studies to ensure generalizability
hroughout the entire range of GFRs.

Despite their value in the vast majority of
atients, currently recommended screening tests
re not sufficient to identify all cases of DKD
ecause serious diabetic glomerular lesions may
ccur in normoalbuminuric patients with normal
FR.228 Normoalbuminuric patients with de-

reased GFR have even more severe glomerular
hanges.245,246 Therefore, further evaluation, in-
luding consideration of kidney biopsy, may be
equired in some cases to establish the diagnosis
f DKD.

Screening for kidney disease should
egin 5 years after the diagnosis of type 1
iabetes and at the diagnosis of type 2
iabetes. (Moderate/Strong)
Although transient increases in albuminuria in

ewly diagnosed type 1 diabetes are well de-
cribed, it is thought that this increase represents
cute metabolic perturbations and the level of
lbuminuria usually reverts to normal after glyce-
ic correction. Most longitudinal cohorts report

ignificant increases in microalbuminuria preva-
ence only after 5 years’ duration, although 1
ross-sectional study described a significant
revalence of around 15% in patients with 1 to 5
ears of diabetes.236 Conversely, the UKPDS

ing by GFR and Level of Albuminuria

 airunimublA
Microalbuminuria Macroalbuminuria 

Possible DKD DKD 
Possible DKD DKD 
Unlikely DKD DKD 

oalbuminuric patients normoalbuminuric and macroalbuminuric patients 
uminuria for practical reasons, the implication of the staging undoubtedly is 
y should be considered for classification purposes. 

gnosis, GFR less than 90 mL/min may represent a significant loss of 
ients with diabetes at increased risk of DKD include those with poor 
, nonwhite race, and family history of hypertension, CVD, type 2 diabetes, 

in both type 1 and type 2 diabetes; kidney biopsy in such patients often 
vidence, these patients should be considered to have diabetes and CKD, 
e. 
to Stag

ia 

nder micr
evel of alb
n of therap
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 DKD. Pat
buminuria

escribed 
tological e
ound a urinary albumin concentration greater
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Screening and Diagnosis of Diabetic Kidney Disease S47
han 50 mg/L in 6.5% of newly diagnosed, mainly
hite patients with type 2 diabetes.134 This group

uggested an average 8-year delay in diagnosis
f type 2 diabetes from the onset of beta cell
ailure and hyperglycemia. Moreover, 28% of
hese patients had hypertension at diagnosis.
ccordingly, whereas screening can wait until 5
ears after the onset of type 1 diabetes, the
nability to establish the onset of type 2 diabetes
ith certainty makes screening at diagnosis man-
atory.

Elevated ACR should be confirmed in the
bsence of urinary tract infection.
Moderate)

AER has a high day-to-day variability, prob-
bly reflecting the multiple factors that can influ-
nce the appearance of albumin in the urine.36

hese include such metabolic perturbations as
etosis and hyperglycemia and such hemody-
amic factors as physical exercise, dietary pro-
ein intake, diuresis, and the presence of urinary
ract infection. Because of this variability, most
rofessional societies recommend confirmation
f an elevated ACR with an additional 2 tests
uring the subsequent 3 to 6 months (Fig 6).34,35

o reduce variability, these repeated estimates
hould be performed on first-voided urinary speci-
ens.

In most people with diabetes, CKD
hould be attributable to DKD in the
resence of: (1) macroalbuminuria or
icroalbuminuria plus retinopathy, and (2)

n people with type 1 diabetes, in the
resence of microalbuminuria plus duration
f diabetes longer than 10 years.
Moderate/Strong)

Historically, detection of macroalbuminuria
as the basis of the diagnosis of DKD (Table 6).
idney biopsy in macroalbuminuric patients with

ype 1 diabetes consistently shows advanced
iabetic lesions of increased mesangial volume,
ncreased glomerular basement membrane
hickness, and tubulointerstitial patholo-
ies.228,229,247,248 The severity of these abnor-
alities is related closely to the amount of albu-
inuria and the decrease in GFR (Table 9 and
able 10). GFR decreases relentlessly at rates
reater than 10 mL/min/y in those with poorly
controlled hypertension and macroalbuminuria,A M T a



Table 8. Albuminuria as a Predictor of DKD Progression, CVD, and Mortality in Type 2 Diabetes

Results (Baseline Albuminuria) 
Author, Year 

Mean Study 
Duration (y) 

Mean GFR 
Duration of 
Diabetes (y) 

Applicability N Outcome 
Normo Micro Macro 

Quality

Mortality         

Bruno, 2003 318 6.7 SCr 1.02 10.7  1,408 Mortality 32% 44% 58%     

UKPDS 64, 2003 41 10.4 SCr 0.93 10.4  5,097 Mortality 
1.4% 

per year 
3.0% 

per year 
4.6% 

per year 

Chan, 1995 315 2.2 SCr 0.88 5.5 453 Mortality 1% 2% 4% 

John, 1994 317 5 SCr 0.97 7-13 481 Mortality 5% 10% 70% 

Cardiovascular Event         

AER (mg/24 h)
0-10 10.1-20 20.1-30 

Rachmani, 2000 311 8.9 117 11.8        Cardiovascular Event 

Ref
OR 1.9

(NS)

OR 9.8
(P <  .05) 

 

Progression of CKD       

CKD development Reference 
RR 1.9 

NS
RR 5.5 
P  <.05

Bruno, 2003 318 6.7 SCr 1.02 10.7  846
CKD Stage 5 
development

Reference 
RR 5.2 

NS
RR 25 
P  <.05

 

AER (mg/24 h)
0-10 10.1-20 20.1-30 Rachmani, 2000 311 8.9 117 11.8  621 GFR annual decline 

1.2 1.6 2.5 

  

Change in GFR  
-3%
NS

-35% 
P  <.05 Nelson, 1996 312 4 123-155 0.7-16.3 194

Progression to CKD   30% 
   

Nelson, 1993 313 4.8 nd nd 364
CKD Stage 5 
development 

  26%    

UKPDS 64, 2003 a 41 10.4 SCr 0.93 10.4 5,097 Elevated PCr or KRTb 0.1% 
per year 

0.3% 
per year 

2.3% 
per year 

Chan, 1995 315 2.2 SCr 0.88 5.5 453
Progressive loss of 

kidney functionc -27 -43 -109  

Nosadini, 2000 252 2-6 99 10-15 108
CKD Stage 5 
development 

 3% / 0%d 35% / 0%d

a Longitudinal analysis of randomized control trial.  
b PCr > 175 mol/L on 2 consecutive visits or if a PCr > 175 mol/L was followed the next year by dialysis, kidney transplantation, or death.  
c ∆[Cr]-1µmol-1.mo-1.
d Progressors/nonprogressors: microalbuminuric and proteinuric patients were subdivided into progressors (below median: –0.4 %GFR among microalbuminuric and –1.8 %GFR among proteinuric patients, respectively) and 

nonprogressors (above median %GFR). 
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Screening and Diagnosis of Diabetic Kidney Disease S49
ut much more slowly (1 to 4 mL/min/y) in those
ith effective blood pressure control.249,250

In microalbuminuric patients with type 1 dia-
etes, pathological lesions tend to be less severe
han in macroalbuminuric patients, but usually
re significantly more advanced than those seen
n normoalbuminuric individuals, particularly in
he presence of hypertension.228,229 GFR is stable
t low-level microalbuminuria, but decreases at
to 4 mL/min/y as AER increases, and more

apidly in those with poorly controlled hyperten-
ion.223

The situation in type 2 diabetes is less
learcut, with only about 40% of microalbumin-
ric patients who undergo biopsy for research
urposes showing diabetic changes typical of
hose seen in patients with type 1 diabetes.230

bout 30% of them have normal or near-
ormal biopsy results, whereas the other 30%
ave increased severity of tubulointerstitial,
ascular, and/or glomerulosclerotic lesions un-
elated to classic diabetic glomerulopathy.230

n general, the kidney structural-functional re-
ationships established in type 1 diabetes hold
n type 2 diabetes (Table 11 and Table 12), but

Figure 6. Screening for microalbuminuria.
eprinted with permission.35
he correlations are less precise, especially p
ecause of a sizeable cluster of patients with
ype 2 diabetes and microalbuminuria or pro-
einuria with little or no diabetic glomerulopa-
hy lesions.230,251 The rate of GFR decrease in
atients with type 2 diabetes, microalbumin-
ria, and proteinuria is greatest in those with
ypical diabetic glomerular lesions.252

The concomitant presence of retinopathy is
nly partly helpful in discriminating kidney pa-
hology in patients with type 2 diabetes (Fig 7;
able 13).147,251,253-262 In those with macroalbu-
inuria, the positive predictive value (PPV) of

etinopathy for typical diabetic glomerulopathy
anges from 67% to 100%. However, the nega-
ive predictive value (NPV) had a broader range
f 20% to 84%. These figures give sensitivities
etween 26% and 85% and specificities of 13%
o 100%. For microalbuminuria, PPVs were lower
t around 45%, but NPVs were close to 100%,
iving sensitivities of 100% and specificities of
6% to 62%. Thus, the presence of retinopathy in
atients with type 2 diabetes and macroalbumin-
ria is strongly suggestive of DKD, and its
bsence in microalbuminuria suggests non-
KDs. Only a small number of patients in these

eries were found to have non-DKD amenable to
specific therapy, and most of those individuals
ad other clinical features, such as nephrotic
yndrome or nondiabetic systemic illness.

Duration of diabetes is related closely to the
revalence of DKD in type 1 patients. Preva-
ence rates of microalbuminuria and macroalbu-

inuria increase after 10 years, presumably
eflecting cumulative glycemic exposure (see
uideline 2). Patients with type 1 diabetes,
icroalbuminuria, shorter diabetes duration,

ower AER levels, better glycemic control, and
ower blood pressure and plasma lipid concen-
rations are more likely to reverse to nor-
oalbuminuria.226,263,264 The contribution of

he prepubertal years of diabetes to DKD risk
ay be lower than that of postpubertal years,

ut this remains controversial.265-270 However,
here are few good data on comparative levels
f glycemic control in young children, making
t difficult to control for this variable. There
lso may be a nonlinearity of risk of pathologi-
al damage before achievement of full growth,
ut this risk may be duration dependent, rather
han puberty dependent.271 Moreover, postural

roteinuria may be more common during ado-



Table 9. Relationship Between Albuminuria and Kidney Morphology in Type 1 Diabetes

Author, Year 
Duration of 

Diabetes 
(y)

Mean GFR 
Applic-
ability 

N
Baseline 

Albuminuria
Biopsy Parameter 

Albuminuria 
Threshold or 
Prevalence 

Results P Quality

 30. 41.0+ = r )molg/seM(vV
 50.< 61.0+ = r )molg/MM(vV

  SN htdiw MBG
Drummond, 2002 271 8 142 221 7.6 µg/min

Vv(Int/cortex) 

M 0% 
m 4% 

NS  

 

 100.< 57.0+ = r )molg/seM(vV
 100.< 17.0+ = r )molg/MM(vV
 100.< 36.0+ = r htdiw MBG

Caramori, 2002 228 >8 33-166 125 6-839 µg/min 

Sv(PGBM/glom) 

M 19% 
m 17% 

r = -0.62 <.001 

 

 100.< 75.0+ = r )molg/seM(vV
 100.< 25.0+ = r )xetroc/tnI(vVLane, 1993 319 17-22 73-123 96 15-1109 mg/d 

%SG 

M 35% 
m 18% 

r = +0.40 <.001 
 

 1000.< 937 sv 805 htdiw MBG
Harris, 1991 320 20 91 43 127 mg/d 

Filtration surface/glomerulus 
<45 mg/d vs 
>250 mg/d 0.15 vs 0.10 <.0001 

 

Ellis, 1986 321 18 SCr <2.4 37 1-4,900 mg/d 
Capillary filtration surface 

area/glomerulus 
< vs >250 mg/d 160 vs 90 <.001  

48.0+ = r )molg/MM(vV a <.001 
 100.< 86.0+ = r htdiw MBGBrito, 1998 247 17 104 35 8 µg/min 

Vv(Int/cortex) 

M 17% 
m 11% 

r = +0.60 <.001 
 

Vv(Mes/glom)
r = +0.64 

∆ AER 5 y 
<.05 

GBM width 
NS

∆ AER 5 y 
Fioretto, 1995 322 17 96 11 6-280 mg/d 

Vv(Int/cortex) 

M 0% 
m 27% 

NS
∆ AER 5 y 

 

Najafian, 2003 323 23 76 8 719 µg/min %SG 
M 75% 
m 25% 

r = +0.78 <.05  

Bangstad, 1993 324 12 132 17 32 µg/min Vv(Int/cortex) m 100% NS   

Abbreviations: ∆, change; GBM, glomerular basement membrane; GFR, glomerular filtration rate (mL/min); M, macroalbuminuria; m, microalbuminuria; NS, non-significant; Scr, serum creatinine (mg/dL); SG, globally sclerosed 
glomeruli; Sv(PGBM/glom), surface density of the peripheral glomerular basement membrane per glomerulus; Vv(Int/cortex), volume fraction of cortical interstitium; Vv(Mes/glom), volume fraction of mesangium per 
glomerulus; Vv(MM/glom), volume fraction of mesangial matrix per glomerulus. 

a Correlation between log of albuminuria measurement and biopsy parameter. 
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Table 10. Relationship Between Kidney Function and Morphology in Type 1 Diabetes

Author,
Year

Duration of 
Diabetes (y) 

Mean GFR 
Applic-
ability 

N
Baseline 

Albuminuria
Albuminuria 
Prevalence 

Biopsy Parameter 
Kidney Function 

Parameter 
Results P Quality

 100.< 84.0- = r )molg/seM(vV
 100.< 35.0- = r )molg/MM(vV

Caramori,
2002 228 > 8 33-166 125 6-839 µg/min

M 19% 
m 17%

Sv(PGBM/glom) 
GFR

r = +0.50 <.001 
 

 100.< 14.0- = r )molg/seM(vV
 100.< 94.0- = r )xetroc/tnI(vVLane, 1993 319 17-22 73-123 96 15-1109 mg/d 

M 35% 
m 18% 

%SG 
CCr

r = -0.41 <.001 
 

Mauer, 
1984 248 13.6 nd 45 nd nd GBM width CCr r = -0.42 NS 

Harris, 
1991 320 20 91 43 127mg/d 

M 45% 
m 17% 

%SG CCr r = +0.64 <.0005  

Capillary filtration surface 
area/glomerulus 

r = +0.78 <.001 
Ellis, 1986 321 18 SCr <2.4 37 1-4900 mg/d nd 

Vv(Mes/glom)
CCr

r = -0.42 <.01 
 

 10.< 64.0- = r htdiw MBG
 100. 46.0- = r )molg/seM(vV
 SN 10.0+ = r )xetroc/tnI(vV

Brito, 1998 247 17 104 35 8 µg/min 
M 17% 
m 11% 

TBM width 

GFR

r = -0.54 <.001 

 

Model Aa r 2 = 0.66 NS Najafian, 
2003 323 23 76 8 719 µg/min 

M 75% 
m 25% Model Bb

GFR
r2 = 0.94 <.05 

 900. 43.0+ = r emulov raluremolG

Total mesangial volume 
r = 

+0.278 
.04 

Ellis, 1997 325 7.7 106 59 1-195 µg/min 
M 0% 
m 19% 

SvME

CCr
r = 

+0.294 
.03 

 

 SN 21.0+ = r htdiw MBGBangstad, 
1993 324 12 132 17 32 µg/min m 100% 

Vv(MM/glom) 
GFR

r = +0.18 NS 
 

Bjorn, 
1995 326

M 24 
m 13 

NormoAlb 11 

M 36 
m 132 

NormoAlb 129 
27

M 521 µg/min 
m 65 µg/min 

NormoAlb 5 µg/min 

M 33% 
m 33% 

Filtration slit width GFR r = +0.65 <.005  

Abbreviations: AG, atubular glomeruli; CCr, creatinine clearance; GBM, glomerular basement membr ane; GFR, glomerular filtration  rate (mL/min); IJA, index of junctional atrophy; M, macroalbuminuria; m, microalbuminuria; NormoAlb, 
normoalbuminuria; nd, no data; NS, nonsignificant; SG, globally sclerosed glomeruli; Sv(PGBM/glom), surface density of the peripheral glomerular basement membrane per glomerulus; SvME, mesangial to epithelial interface; 
TBM, tubular basement membrane; Vv(AT/cortex), volume fraction of atrophic tubules per cortex; Vv(Int/cortex), volume fraction of cortical interstitium; Vv(MC/glom), volume fraction of mesangial cells per glomerulus; 
Vv(Mes/glom), volume fraction of mesangium per glomerulus; Vv(MM/glom), volume fraction of mesangial matrix per glomerulus; Vv(PT/cortex), volume fraction of proximal tubules. 
a. Model A: predictor variables of mean glomerular volume, Vv(Mes/glom), Vv(MM/glom), Vv(MC/glom), Sv(PGBM/glom), and GBM width.
b. Model B: predictor variables of %SG, % glomeruli with tip lesion, %AG, Vv(Int/cortex), Vv(PT/cortex), Vv(AT/cortex), and mean IJA. 

S
creening

and
D

iagnosis
ofD

iabetic
K

idney
D

isease
S

51



Table 11. Relationship Between Albuminuria and Kidney Morphology in Type 2 Diabetes

Author, Year 
Duration

of Diabetes 
(y)

Mean
GFR

Applic-
ability 

N
Baseline 

Albuminuria
Biopsy Parameter 

Albuminuria 
Threshold or 
Prevalence 

Results P Quality 

M m 
GBM width 512 418 

nd
Nosadini, 2000 252 10-15 89-107 108 33-420 µg/min 

Vv(Mes/glom)

M 31% 
m 69% 

0.30 0.25 nd 
 

 200. 46.0+ = r )molg/seM(vV
 600. 85.0+ = r htdiw MBG

 SN 01.0- = r )muititsretniolubut / muititsretnI(vV
 100. 56.0+ = r )molg/MM(vV

White, 2000 327 16 65 21 1.2 g/d 

FPW mesangium 

M 100% 

r = +0.60 .004 

Christiansen, 2000 328 4 95 35 1,362 mg/d Vv(Mes/glom) M 100% r = +0.32 NS  

Vv(Int/cortex) 

M 28% 
m 25% 

NormoAlba 22% / 
23% 

<.05b

Vv(Mes/glom)

M 42% 
m 28% 

NormoAlba 21% / 
25% 

<.05bPagtalunan, 1997 329 3-19 >90  51 <30 to >300 mg/g 

GBM width 

M 24% 
m 33% 

NormoAlba 20% / 
24% 

M 606 
m 504 

NormoAlba 427 / 
500

<.05b

Christiansen, 2001 330 6 97  34 1,322 mg/d Vv(Mes/glom) M 100% r = +0.38c <.03 

 20.< 45.0+ = r )molg/seM(vV
 10.< 95.0+ = r htdiw MBG

 10.< 06.0+ = r )molg/MM(V
Matsumae, 1999 331 9.8 66 19 2.5 g/d 

Vv(MM)

M 43% 
m 57% 

r = +0.66 <.005 
 SN 11.0+ = r htdiw MBG

Meyer, 1999 332 13 159 16 67 mg/g 
Vv(Mes/glom)

m 100% 
r = +0.42 NS 

 

Abbreviations: FPW, foot process width on the mesangial surface; GBM, glomerular basement membrane; GFR, glomerular filtration rate (mL/min); M, macroalbuminuria; m, microalbuminuria; NormoAlb, normoalbuminuria; nd, 
NS, nonsignificant; Vv(Int/cortex), volume fraction of cortical interstitium; Vv(Interstitium / tubulointerstitium), volume fraction of interstitium; Vv(Mes/glom), volume fraction of mesangium per glomerulus; Vv(MM), volume
of mesangial matrix; Vv(MM/glom), volume fraction of mesangial matrix per glomerulus. 

a Duration of diabetes less than 6 years/longer than 6 years. 
b Long-term normal albuminuria with diabetes greater than 6 years, microalbuminuria and macroalbuminuria were significant with respect to the control. Macroalbuminuria was significant with respect to normal albuminuria with 

diabetes less than 6 years. 
c Correlation between log of albuminuria measurement and biopsy parameter. 

no data; 
 fraction 
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Table 12. Relationship Between Kidney Function and Morphology in Type 2 Diabetes

Author, Year 
Mean Duration 
of Diabetes (y) 

Mean GFR Applicability N 
Baseline 

Albuminuria

Albuminuria 
Threshold or 
Prevalence 

Biopsy Parameter 
Kidney Function 

Parameter 
Results P Quality 

7 109 22 56 µg/min Category Ia  II sv 50.< 901 

14 86 14 58 µg/min Category IIb  68 
<.05 vs 
I and III 

Brocco, 1997 147

13 96 17 69 µg/min 

m 100% 

Category IIIc

GFR

96  

 

 600. 85.0- = r )molg/seM(vV
 SN 32.0- = r htdiw MBGWhite, 2000 327 16 65 21 1.2 g/day M 100% 

Vv(Interstitium / 
tubulointerstitium) 

CCr
r = -0.58 .008 

 

Christiansen, 
2000 328 4 95 35 1362 mg/day M 100% Vv(Mes/glom) GFR r = -0.43 <.01  

Osterby,
2001 333 16 73 27 430 µg/min nd

Filtration 
surface/nephron 

GFR r = +0.53 <.02  

 50.< 05.0- = r )molg/seM(vV
 100.< 17.0- = r htdiw MBG

 10.< 16.0- = r )MM(vV
Matsumae, 
1999 331 9.8 66 19 2.5 g/day 

M 42% 
m 58% 

Filtration 
surface/nephron 

CCr

r = +.70 <.001 

Lemley, 
2000 334 <5 to >8 >90 12 10-83 mg/g <30 vs 30-300 ∆ Single nephron Kf GFR r = +0.75 <.005 

Abbreviations; ∆, change; CCr, creatinine clearance; GBM, glomerular basement membrane; GFR, glomerular filtration rate (mL/min); Kf, ultrafiltration coefficient; nd, no data; NS, non-significant; Vv(Interstitium / 
tubulointerstitium), volume fraction of interstitium; Vv(Mes/glom), volume fraction of mesangium per glomerulus; Vv(MM), volume fraction of mesangial matrix. 
a Normal or near-normal kidney structure.  
b Typical diabetic nephropathology. Diabetic lesions with an approximately balances severity of glomerular, tubulointerstitial, arteriolar and global glomerulosclerotic changes. 
c Atypical patterns of kidney injury. Relatively mild glomerular diabetic changes considering the disproportionately severe kidney structural changes including: 1-Tubular atrophy, tubular basement membrane thickening and 

reduplication and interstitial fibrosis; 2-advanced glomerular artieriolar hyalinosis; 3-increased global glomerular sclerosis.

<.05 vs II 
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escence, making the diagnosis of DKD more
ncertain and the recommendation for screen-
ng by using overnight urine collections espe-
ially important in this age group. For these
nd other reasons, it would be incorrect in the
iew of the Work Group to regard the prepuber-
al period as risk free for the development of
KD. This topic needs additional research.
ecause of the clinical difficulty accurately
etermining the onset of type 2 diabetes, known
uration is less strongly related to DKD. In
ima Indians, the duration of type 2 diabetes is
nown with greater accuracy and precision
ecause of systematic screening for diabetes,
nd in this population, the duration of diabetes
s as strongly related to DKD as in type 1
iabetes.272

Several small series of patients with type 1
nd type 2 diabetes describe cases of typical
iabetic glomerulopathy with normoalbumin-
ria and normal or decreased GFR. These data
ring into question the reliance on increased
ER alone or in combination with GFR for
iagnosis of DKD. Most of these patients were
omen, had relatively long durations of diabe-

es, and usually had retinopathy and/or hyper-

Figure 7. Receiver operator characteristic (ROC) curve
f the probability that the presence of diabetic retinopathy

s predictive of patients who have biopsy/histology-proven
iabetic glomerulopathy.
ach ellipse represents an individual study, for which the
eight and width of the ellipse is representative of the

nverse variance of the sensitivity and specificity, respec-
ively.147,251,253-262
ension.245,246,273 b
Atypical clinical features should prompt
valuation for non-DKD. People with
iabetes and CKD may have increased risks
f testing and treatments. (Moderate)
Because diabetes is a common condition, coin-

idence with other nondiabetic CKD is relatively
requent. Accordingly, evaluation of a person
ith atypical features should include additional
iagnostic testing in selected cases, depending
n the clinical presentation. For example, be-
ause generalized vascular disease is common in
iabetes, refractory hypertension and/or a signifi-
ant decrease in kidney function after RAS block-
de should prompt consideration of renal artery
tenosis. Rapidly decreasing kidney function
nd/or increasing proteinuria (particularly if ne-
hrotic), active urinary sediment, or evidence of
ther systemic disease should raise concerns
bout nondiabetic glomerular disease. Diagnosis
f these diseases may require invasive testing or
nterventional procedures. Care should be used
n determining the appropriate diagnostic tests
ecause administration of radiographic contrast,
ith or without angiography, may pose greater

isks in people with diabetes and CKD than in
ther people.
It is the opinion of the Work Group that in the

bsence of another identifiable and treatable cause
f kidney disease, patients with diabetes and
KD should be treated as if they have DKD.

A kidney biopsy may be required in some
atients with diabetes and CKD to
etermine the underlying cause of the
idney disease. (Moderate)
The risk of complications associated with per-

utaneous native kidney biopsy in patients with
KD is no greater than the risk faced by patients
ith most other causes of CKD.274,275 The major-

ty of complications are from bleeding and in-
lude microscopic hematuria, decrease in hemo-
lobin level, gross hematuria, perinephric
ematomas, and arteriovenous fistulae.276,277

omen are more likely to bleed than men, and
ther commonly identified risk factors for bleed-
ng include younger age, decreased GFR, el-
vated systolic and diastolic blood pressure, and
rolonged bleeding and partial thromboplastin
imes.274,276,278,279 The number of needle passes
uring kidney biopsy also increases the risk of

leeding, particularly if the number exceeds 4276



Table 13. Predictive Value of Diabetic Retinopathy for Diagnosis of DKD in Biopsy Studies

Author, Year Study Design 
Duration of 
Diabetes (y) 

Applic-
ability 

Baseline Proteinuria DGS 
Glomerulo-
sclerosisa

Retinopathy  
(N)

No Retinopathy 
(N)

Sensitivity (Sn) 
Specificity (Sp) 

Quality

Type 1 Diabetes          
DM 163 89 Sn: 65% 

Non-DM nd nd —Klein, 2005 335  21 TCR 6-8 µm/min 100% 
— —

DM 36 7 Sn: 84% 
Non-DM 4 2 Sp: 33% Amoah, 1988 253 Retrospective cross-

sectional 
>5 nd 88% 

 PPV: 90% NPV: 22%  
DM 18 1 Sn: 95% 

Non-DM 0 3 Sp: 100% Richards, 1992 260 Retrospective cross-
sectional 

6-9 5 g/L 86% 
 PPV: 100% NPV: 75%   

Type 2 Diabetes     
DM 14 0 Sn: 100% 

Non-DM 15 24 Sp: 62% Brocco, 1997 147 Prospective  
cross-sectional 

7-14
20-200 µg/min 

100% 
26% 

 PPV: 48% NPV: 100%   
DM 17 7 Sn: 71% 

Non-DM 8 36 Sp: 82% Wong, 2002 262 Prospective  
cross-sectional 

4-8 ≥1 g/d 
100% 

35% 
 PPV: 68% NPV: 84%   

DM 20 14 Sn: 59% 
Non-DM 10 7 Sp: 41% Mak, 1997 258 Prospective  

cross-sectional 
~7

>1 g/d 
100% 

67% 
 PPV: 67% NPV: 33%   

DM 17 9 Sn: 65% 
Non-DM 0 8 Sp: 100% Christiansen, 2000 254

Prospective  
longitudinal 
(study entry) 

5-10
>300 mg/d 

100% 
77% 

 PPV: 100% NPV: 53%   
DM 22 4 Sn: 85% 

Non-DM 7 1 Sp: 13% Christiansen, 2000 254

Prospective 
longitudinal 

(study end-8 years) 
13-18

>300 mg/d 
100% 

77%b

 PPV: 76% NPV: 20%   
DM 16 11 Sn: 59% 

Non-DM 0 8 Sp: 100% Parving, 1992 251 Prospective 
cross-sectional 

8-10
>300 mg/d 

100% 
77% 

 PPV: 100% NPV: 42%   
DM 21 21 Sn: 50% 

Non-DM 2 15 Sp: 88% Amoah,1988 253 Retrospective cross-
sectional 

>5
(64%)

nd 71% 
 PPV: 91% NPV: 42%   

DM 19 10 Sn: 66% 
Non-DM 1 3 Sp: 75% Olsen, 1996 259 Retrospective cross-

sectional 
2- 20 nd 88% 

 PPV: 95% NPV: 23%   
DM 23 8 Sn: 26% 

Non-DM nd nd —Schwartz, 1998 336 RCT, subgroup 14-17 
>500 mg/d 

100% 
100% 

— —   

(Continued)
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r 5 passes.274 Use of real-time imaging appears
o improve the success and safety of the proce-
ure.276,280 To reduce the risk of bleeding compli-
ations,274,276,277,279,281-287 anticoagulant medi-
ines should be stopped in advance of the biopsy,
lood pressure should be controlled, and
-deamino-8-D-arginine (ddAVP) may be given
mmediately before the procedure if bleeding
ime is prolonged (Table 14).

Caution should be used when
dministering radiographic contrast agents
o patients with diabetes and CKD because
heir risk of RCN is higher than in those
ithout these diseases.

Moderate/Strong)
RCN is identified by both a change in kidney

unction (eg, GFR or serum creatinine level) and
he time course over which kidney function
hanges. A standard definition of RCN does not
xist, but definitions used in previous studies
ave included increases in serum creatinine con-
entration ranging from 0.5 mg/dL to a doubling
f the concentration and decreases in GFR rang-
ng from 25% to dialysis requirement.288-290 In
eneral, most studies assess kidney function
ithin 48 to 72 hours after contrast administra-

ion. Serum creatinine concentration usually in-
reases within 48 hours of radiographic contrast
dministration and peaks within 7 days.

The lack of a standardized definition of RCN
akes comparisons between studies difficult.
evertheless, the risk of RCN is higher in people
ith diabetes and CKD than in either condition

lone. In general, the incidence of RCN is less
han 3% in patients with neither diabetes nor
KD, 5% to 10% in those with diabetes, 10% to
0% in those with CKD (greater at later stages),
nd 20% to 50% in those with both diabetes and
KD (Table 15).291,292

Patients who develop RCN have greater mor-
ality, both short and long term, than those who
o not.293,294 Accordingly, efforts to prevent or
inimize RCN should be implemented in those
ith diabetes and CKD. However, the evidence

or prevention of RCN in these patients is rela-
ively limited (Table 16 and Table 17). Many
tudies do not report incidence of RCN by the
resence of diabetes and CKD, and those that do
ften are derived from subgroup analyses so the
number of patients is small. Despite these limita-
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Screening and Diagnosis of Diabetic Kidney Disease S57
ions, several strategies have been developed that
ay reduce RCN risk in people with diabetes

nd CKD, as well as in other populations. First,
oncomitant nephrotoxins (eg, nonsteroidal anti-
nflammatory agents, aminoglycosides, and am-
hotericin) should be discontinued, if possible,
efore administering the radiographic contrast
gent.295 Second, intravenous fluids should be
dministered, but caution should be used in deter-
ining the amount of fluid to avoid fluid over-

oad. Most studies evaluated 0.45% sodium chlo-
ide at a dose of 1 mL/kg/h over 6 to 12 hours,
ut they did not include patients with advanced
KD.296 A recent study suggested that 0.9%

odium chloride may be better than 0.45% so-
ium chloride for preventing RCN.298 Third, a
reater volume of contrast is associated with an
ncreased risk of RCN. In the general population,
dministration of more than 100 mL of hyperos-
olar radiographic contrast increases the risk of
CN, but in those with diabetes and an eGFR

Table 14. Strategies to Prev

•  Assess personal and family history for bleeding di
• Stop anticoagulants before the scheduled procedu

o Stop aspirin at least 1 wk before proced
o Stop nonsteroidal anti-inflammatory age
o Stop warfarin and consider switch to he
o Stop heparin before procedure 

• Check complete blood count and coagulation para
o Complete blood count276

o Platelet count276

o Prothrombin time, partial thromboplastin
o Bleeding time276—controversial279,285,286

• Check kidney function 
o Use equation to estimate GFR 

• Consider administration of ddAVP for abnormal ble
o 0.3 µg/kg given in 50 mL of saline over

• Control blood pressure on day of procedure274

o May give oral agents before procedure 

Table 15. Observed Incidence of Acute Kidney Failur
Stratified by Baseline Serum

Serum
Creatinine  

(mg/dL)
Risk,  

All Patients (%) 

Risk,  
Patients With  
Diabetes (%) 

0-1.1 2.4 (n = 3,965) 3.7 (n = 809) 

1.2-1.9 2.5 (n = 3,318) 4.5 (n = 710) 

2.0-2.9 22.4 (n = 179) 22.4 (n = 67) 

≥3.0 30.6 (n = 124) 33.9 (n = 62) 
Abbreviations: OR, odds ratio; NS, not significant. 
ess than 30 mL/min/1.73 m2, as little as 30 mL
f radiographic contrast agent can lead to
cute kidney failure.298 Hence, the use of radio-
raphic contrast material should be kept to the
inimum amount necessary for the evaluation

equired.297 Fourth, the type of contrast mate-
ial affects the risk of RCN. Nonionic radio-
raphic contrast material may confer a lower
isk of RCN than ionic contrast material.287

oreover, a randomized controlled trial re-
orted that iso-osmolar radiographic contrast
eg, iodixanol) is associated with significantly
ower incidences of RCN than a low-osmolar
ontrast agent in patients with diabetes and
KD.288 Fifth, because lactic acidosis may
ccur with RCN in patients with diabetes re-
eiving metformin, this medicine should be
ithheld for 48 hours before infusion of con-

rast medium and after exposure, until the
stimate or measure of GFR is greater than 40
L/min/1.73 m2.299 Use of metformin is not

eding After Kidney Biopsy

6,277 

,284

ral days before (to ensure 4-5 half-lives have elapsed) 
dvance of procedure283

efore biopsy276

e and/or low GFR276,279,282,286

in immediately before procedure287

se blood pressure274

PCI That Included Administration of Radiocontrast,
nine and Diabetes Status292

Risk,  
atients Without  
Diabetes (%) 

Patients With v Without Diabetes, 
OR (95% CI) and P

2.0 (n = 3,156) 1.86 (1.20-2.89) 
0.005 

1.9 (n = 2,608) 2.42 (1.54-3.79)  
<0.001 

22.3 (n = 112) 1.00 (0.48-2.08) 
NS

27.4 (n = 62) 1.36 (0.63-2.92) 
NS
ent Ble

athesis27

re276,284

ure276,281

nts seve
parin in a

meters b

 time276

eding tim
 15-30 m
e After
Creati
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Table 16. Effect of Interventions to Decrease the Risk of RCN in People With Diabetes and CKD Undergoing Angiographic Procedures

N
Author, Year 

Diabetes CKD  
Mean GFR 

Applic-
ability 

Radiocontrast Type 
Intervention 

Type
Comparator

Outcome
RCN

(Definition)

Baseline 
Value

Net Effect P Quality

Stone, 2003a 338 153 68 29 Low osmolar  Fenoldopam Placebo ∆ SCr ≥25%  — RR 1.11 NS 

+0.4 .003c

+0.5 .003cKurnik, 1998 b 339 123 123 ≤65  High osmolar Anaritide Placebo ∆ SCr 2.1 

+0.6 .003c

 

∆ SCr ≥0.5 / 
25%  

— 67% vs 39% .009 
Wang, 2000 b 340 100 158 SCr 2.8 Low osmolar  SB 209670 Placebo 

∆ SCr 48 hr 2.9 +0.4  
 

∆ SCr ≥0.5 — 0% vs 5.5% .01 
Mueller, 2002 298 217 276 84 nd 0.9% NaCl 0.45% NaCl 

∆ SCr  1.0 -0.08 .04 
High osmolar/low  Mannitol ∆ SCr ≥0.5 — 38% vs 14% NS Solomon, 

1994 341 41 78 SCr 2.1 
Osmolar/low osmolar Furoseminde

NaCl
∆ SCr ≥0.5 — 43% vs 14% NS 

Tumlin, 2002 342 24 45 17-19 Iso-osmolar/low osmolar Fenoldopam 0.5% NaCl ∆ SCr ≥0.5 
or 25% 

— 38% vs 64% NS 

Weisberg, 
1994 343 22 50 33  High osmolar 

Dopamine + ANP 
+ mannitold

0.45% NaCl ∆ SCr >25% — RR 5.78 <.05 

Kini, 2001 344 116 nd SCr 2.1  Nonionic low osmolar  Fenoldopam Historical control ∆ SCr >25%  — 3.5% vs 26.2% NS 

Louis, 1996 345 51 nd SCr 2.3 nd
1L 0.45% NaCl + 

mannitol 
None Kidney failure — 12% nd 

∆ GFR 86 6.5 vs –18.6 
NS vs 
.008  

Kapoor, 2002 346 70 70 86 High osmolar Oral theophylline None 
∆ SCr 1.2 –0.17 

NS vs 
.03  

∆ SCr 1.5 –0.5 
NS vs 

.01 Kapoor, 1996 347 40 5 SCr 1.5 Urograffin Dopamine None 
∆ SCr >25% — 0% vs 50% nd 

11
(HD)

Sterner, 2000 348 17 17 
20

(No HD) 

 Iohexol/iodixanol/ioxaglat Hemodialysis None CCr  11(20) 0 vs +3 nd 

Low osmolar, nonionic 
(Fenoldopam group) Maydoon, 

2001 349 nd 46 SCr 2.4  High osmolar, ionic (no 
treatment group) 

Fenoldopam  
Dopamine+ ANP 

+ Mannitol + 
NaCle

∆ SCr >25% — 14% vs 7% nd 

a N-Acetylcysteine was administered before the procedure.  
b Any elective radiographic procedure. 
c P value within group.  
d Analyzed as 1 treatment group. 
e Results from a published series “with similarly at risk patients” Weisberg 1994. 
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Table 17. Type of Radiocontrast Agent and Risk of RCN in Diabetes and/or CKD

N
Author, Year 

Total Diabetes CKD 
Mean GFR 

Applic-
ability 

Radiocontrast  
Dose Rate 

Outcome
(RCN)

Baseline 
Value

Net
Effect

P Quality

RCTs: Low-osmolar vs high-osmolar radiocontrast       

359 0 0 SCr 1.01 — 0% nd 
315 315 0 SCr 0.98 — +0.1% nd 
296 0 296 SCr 1.77 — -3.3% nd 

Rudnick, 1995 290

213 213 213 SCr 2.03 

140 mL 139 mL ∆ SCr ≥1a

— -15% nd 

47
Talierco, 1991 350 325 

Type 1:26 
 SCr 1.84 134 mL 144 mL ∆ SCr nd +0.1 NS  

25 25 SCr 1.35-2.25 12% v 0% nd 
Barret, 1992b 289 249 

11 11 SCr > 2.25 
100 mL  120 mL 25% ∆ SCr —

14% v 75% nd 
Nonrandomized, controlled study: Low-osmolar vs high-osmolar radiocontrast       

∆ SCr > 0.3 and >20% on d 1-3 
and 5-7 

-30%  NS 

∆ SCr > 0.3 and >20% on d 1-3 -27%  NS 
∆ SCr > 0.3 and >20% on d 1-2 -21%  NS 

∆ SCr ≥2.0 on d 1 or 2 -16%  NS 

Lautin, 1991 351 303 152 73 

SCr 1.35 

24% >1.5 
mg/dL 

 78 mL 81 mL 

∆ SCr ≥1.0 on d 1 

1.35 

-13% NS 

RCT: Iso-osmolar vs low-osmolar radiocontrast         

 kaep  05 ∆  100. 24.0- d 3 ni rCS 

peak ∆ SCr in 7 d  
1.49 (1.6) 

-0.17 .003 Aspelin, 2003 288 135 135 135 
47

163 mL 162 mL 

∆ SCr >0.5 in 3 d — OR: 0.09  NS 

 

Nonrandomized, controlled studies: Low-osmolar radiocontrast vs no control       

Manske, 1990 297  70 70 70 14 31 mL — ∆ SCr  5.9  +0.4 <.001 

25% ∆ SCr  109 +4.1 NS 
Lundquist, 1998 352 100 17 17 54 50 mL —

25% ∆ CCr 52 +2.1 NS 
a P < 0.002 for total group low-osmolar vs high-osmolar. 
b Cardiac catheterization, intravenous pyelography, or computed tomographic scan with contrast. 
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Guidelines for Diabetes and CKDS60
ecommended in patients with diabetes and
KD (see Guideline 2).
Although there is much interest in finding
edicines to prevent RCN, few are known to be

eneficial and none has been studied in a large
opulation of patients with diabetes and CKD.
able 18 summarizes the clinical trials that re-
ort results in patients with diabetes and CKD.
tudies examining the effectiveness of N-acetyl-
ysteine, sodium bicarbonate, and hemofiltration
ave not specifically reported results for patients
ith diabetes and CKD. Nevertheless, in the
pinion of the Work Group, it is reasonable to
onsider these approaches for people with diabe-
es and CKD, considering their high risk of RCN
Table 18).295,300-302

The European Society of Urogenital Radiol-
gy299 and the American College of Radiology
www.acr.org/s_acr/sec.asp?CID�2131&DID
16687; last accessed January 31, 2006) offer

uidelines for use of contrast media. These
uidelines and results of a number of clinical
rials are described in a recent review of methods
or preventing RCN. The American guidelines
ention the use of N-acetylcysteine and other

otential prophylactic drug therapies without
pecifically recommending these approaches.

LIMITATIONS

No data are available to confirm that detection
f microalbuminuria and initiation of treatment
t this early stage of DKD leads to a decrease in
ard end points (GFR decrease, CKD stage 5,
nd mortality). Furthermore, the predictive value
f microalbuminuria for DKD is not as high as

Table 18. Preven

Stop drugs that increase risk of RCN or lactic acidosis 48 h befo
• Nonsteroidal anti-inflammatory agents 
• Aminoglycosides 
• Amphotericin B 
• Metformin* 

Administer intravenous fluid at 1 mL/kg/h for 6-12 h before the ra
• Use 0.9% normal saline or sodium bicarbonate, 154 m
• Watch for volume overload in those with CKD stage 4

N-Acetylcysteine, 600 mg, orally twice daily the day before and d
Minimize radiographic contrast volume297

• <30 mL if possible 
Consider iso-osmolar or nonionic radiographic contrast material2

Consider hemofiltration in people with serum creatinine level > 2
*Withhold metformin until the measure or estimate of GFR is greater tha
riginally considered. Whether the lower predic- G
ive value is due to changes in disease natural
istory, improved therapies, or overestimation by
he original studies is uncertain.224 However, as

any as 30% to 50% of microalbuminuric
atients may revert to normoalbumin-
ria,224,226,263,264 and whether this regression is
pontaneous or not cannot be determined if the
atient is on ACE inhibitor or ARB treatment.
evertheless, some data suggest benefit of inten-

ive glycemic and blood pressure control in
atients with microalbuminuria. A detailed discus-
ion of treatment of albuminuria (microalbumin-
ria and macroalbuminuria) and evaluation of
utcomes can be found in CPR 1.
The current recommendations for microalbu-
inuria screening by the ADA34,35 do not specifi-

ally recommend use of a first morning urine
ample or overnight collections. However, pos-
ural microalbuminuria or proteinuria may be a
onfounding factor, particularly in young type 1
atients. Despite these limitations, it is clear that
atients who are persistently normoalbuminuric
end to be at low risk of DKD, whereas microalbu-

inuric patients have a 3- to 4-fold increased
isk. For classification purposes, the Work Group
ecommends that health care providers consider
s macroalbuminuric all patients who have been
iagnosed as such before ACE-inhibitor and/or
RB treatment.
Another limitation of this guideline relates to

he classic definition of DKD according to AER,
hich has been used in the vast majority of

reatment trials (see CPR 1). AER does not map
asily to the KDOQI™ stages of CKD (Table 6)
ecause staging is based on eGFR. Thus, while

rategies for RCN

ures when possible295,299

ic contrast procedure 
,296,298

estive heart failure 
iographic contrast procedure 299,302

1

in/1.73 m2 to reduce risk of lactic acidosis.299
tive St

re proced

diograph
Eq/L295

 or cong
ay of rad

88,290

 mg/dL30
FR may be elevated or within the normal range

http://www.acr.org/s_acr/sec.asp?CID%20=%202131%26DID%20=%2016687
http://www.acr.org/s_acr/sec.asp?CID%20=%202131%26DID%20=%2016687
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Screening and Diagnosis of Diabetic Kidney Disease S61
n people with elevated urinary albumin excre-
ion, loss of GFR within CKD stage 1 may
lready represent DKD. The formulae estimating
FR from serum creatinine values are problem-

tic in their application to patients with diabe-
es.244 Nonetheless, measures of albuminuria in
ombination with estimates of GFR will serve as
seful guides in assessing and managing patients
ith diabetes and CKD. The Work Group devel-
ped a novel grid (Table 6) to combine staging
y albuminuria classification and GFR, although
t this time, evidence to define DKD probabili-
ies within each box of this table is lacking.

IMPLEMENTATION ISSUES

The diagnosis and staging of DKD in an
ndividual patient should include an evaluation
f other related factors. Apart from albuminuria
nd GFR, patients should be evaluated for the
resence of hypertension, poor glycemic control,
yslipidemia, and smoking. A family history of
KD or hypertension and/or CVD and stroke in
arents without diabetes also is relevant. More-
ver, in patients developing DKD, hypertension
nd dyslipidemia may be risk predictors, con-
omitants, or consequences. Because DKD typi-
ally does not occur in isolation, patients with
KD should have regular surveillance for other

icrovascular and macrovascular complications. c
hese issues are covered in more detail else-
here in these guidelines under the sections

elating to background, blood pressure control,
lycemic control, lipid management, lifestyle
ssues, and multifactorial intervention.

Ideally, ACR should be measured in first-void
rine samples, but sometimes this may be imprac-
ical. Alternatively, if a random urine specimen is
bnormal, the second test could be done in a
rst-voided morning sample obtained within the
ubsequent 3 to 6 months. Screening for mi-
roalbuminuria in patients with type 2 diabetes,
f leading to multifactorial interventions, can
esult in reduced risks of cardiovascular events,
rogression of albuminuria, and development or
rogression of retinopathy and neuropathy.303

imilar studies in patients with type 1 diabetes
re lacking. Several cost-benefit analyses of
creening for microalbuminuria have been pub-
ished using various models. These models refer
ostly to type 1 diabetes and have not been

onfirmed prospectively in clinical trials. Interna-
ional standards for measurement of creatinine
nd albumin should be adopted, and quality
ontrol between laboratories should be estab-
ished. There should also be standardized report-
ng of ACRs with internationally agreed-upon

ategorical definitions.
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GUIDELINE 2: MANAGEMENT OF HYPERGLYCEMIA AND

GENERAL DIABETES CARE IN CHRONIC KIDNEY DISEASE
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Hyperglycemia, the defining feature of dia-
etes, is a fundamental cause of vascular tar-
et-organ complications, including kidney dis-
ase. Intensive treatment of hyperglycemia
revents DKD and may slow the progression
f established kidney disease.

.1 Target HbA1c for people with diabetes
should be < 7.0%, irrespective of the
presence or absence of CKD. (A)

BACKGROUND

Diabetes mellitus is the most common cause
f kidney failure in the United States4 and is
mong the most common causes in the rest of the
orld. A large number of epidemiological stud-

es and controlled trials have defined risk factors
or progression of DKD and response to treat-
ent.3 The purpose of this guideline is to review

his literature with respect to glycemic control
nd translate the results into practical strategies
or clinicians who treat people with diabetes and
KD, either due to DKD or other causes.

RATIONALE

Most of the evidence for this guideline comes
rom studies of intensive glycemic control in
eople with type 1 and 2 diabetes and CKD
tages 1 and 2 (Table 19 and Table 20). End
oints include the initial development of mi-
roalbuminuria (urinary albumin excretion be-
ween 30 and 300 mg/24 h or 30 and 300 mg/g
reatinine), progression to macroalbuminuria
�300 mg/24 h or �300 mg/g creatinine), and
hange in kidney function. Very few studies
ddressed the benefits and risks of intensive
lycemic control in later stages of CKD, let
lone in patients who are undergoing dialysis or
ave received kidney transplants.

Lowering HbA1c levels to approximately
.0% reduces the development of
icroalbuminuria. (Strong)

ype 1 Diabetes (Table 19)

A number of observational studies have shown
hat poorer glycemic control predicts the develop-

ent of microalbuminuria.353-359 Several small

rospective intervention studies from the early F

American Journal of Kidney Dise62
980s also showed that improved glycemic con-
rol reduced the development and progression of
levated albuminuria; however, in most cases,
he small sizes of the cohorts precluded statisti-
ally significant changes.360-366 A meta-analysis
f these studies concluded that intensive therapy
ignificantly reduced the risk of nephropathy
rogression (odds ratio [OR], 0.34; 95% CI, 0.20
o 0.58; P � 0.001).367 The DCCT was a multi-
enter randomized clinical trial of 1,441 subjects
ith type 1 diabetes that compared the effects of

ntensive glucose control with conventional treat-
ent on the development and progression of the

ong-term complications of type 1 diabetes.132 At
aseline, mean HbA1c levels were similar in both
reatment groups. By 3 months after randomiza-
ion, mean HbA1c level was approximately 2%
ower in the intensive-treatment group than the
onventional-treatment group, and this differ-
nce was maintained throughout the study (7.2%
ersus 9.1%; P � 0.001).132 After a mean of 6.5
ears, intensive therapy reduced the occurrence
f microalbuminuria by 34% (95% CI, 2% to
6%) in the primary-prevention group (no reti-
opathy and urinary AER � 28 �g/min at base-
ine) and by 43% (95% CI, 21% to 58%) in the
econdary-intervention group, who had early
omplications at baseline (background retinopa-
hy with or without microalbuminuria, but nor-
al GFR; Fig 8).132,368 To assess whether their

educed risk of DKD persisted long term, 1,349
f these subjects were evaluated as part of the
DIC study at the year 7 to 8 post-DCCT visit.133

ata were analyzed according to the original
ntensive- versus conventional-treatment groups,
nd the primary-prevention and secondary-
ntervention cohorts were combined. The previ-
us difference in HbA1c levels for the intensive
ersus conventional group (7.2% and 9.1%, re-
pectively) in the DCCT gradually narrowed
uring the first 2 years in the follow-up period
nd then remained near 8% for both groups for
he subsequent 6 years. Eighty-seven new cases
f microalbuminuria (15.8%) occurred in the
onventional-treatment group, and 39 (6.8%), in
he intensive-treatment group, for an RR reduc-
ion of 59% (95% CI, 39% to 73%, P � 0.0001;

ig 9).

ases, Vol 49, No 2, Suppl 2 (February), 2007: pp S62-S73



Table 19. Effect of Glycemic Control on Kidney Function and Albuminuria in Type 1 Diabetesa

Author, Year 
Study

Duration (y) 
N Mean GFR Albuminuria 

Applic-
ability 

Treatment
(qd)

Comparator Outcome 
Baseline 
Valueb Net Effect P Quality

Insulin Therapy            

Kidney Function             

726
1°Pr

125 123 (126) 125 (126) .08 
DCCT, 1995 368 9c

715
2°Ir 

127

MacroAlb/MicroAlb 
6%  Intensive insulin Standard care Final GFR 

130 (125) 121 (122) NS 
 

Reichard, 1993 138 7.5 93 125 
MacroAlb 5% 
MicroAlb 23%   Intensive insulin  

Standard 
insulin  ∆ GFR 122 (126) +3 .04   

Dailey, 2000 398 1.5 49 57 2.0 g/d  
Pulsatile IV 

insulin 
Intensive 
insulind ∆ CCr 57 +5.5 .03 

Albuminuria             

Development of 
MacroAlb

— OR 0.16 <.001 
DCCT/EDIC,
2003 133 14.5 1349 126 

MacroAlb 2% 
MicroAlb 10%  Intensive insulin Standard care 

Development of 
MicroAlb

— OR 0.41 <.001 
 

— 1°Pr RR 0.56 NS 
AER >208 µg/min 

— 2°Ir RR 0.44 <.01 
— 1°Pr RR 0.61 NS 

AER >70 g/min 
— 2°Ir RR 0.44 <.01 
— 1°Pr RR 0.46 NS Sustained  

AER >70 g/min — 2°Ir RR 0.33 <.01 

726
1°Pr

125

— 1°Pr RR 0.66 NS 
AER >28 g/min 

— 2°Ir RR 0.57 <.01 
— 1°Pr RR 0.44 NS Sustained  

AER >28 g/min — 2°Ir RR 0.39 <.01 
— 1°Pr -0.79 NS 

DCCT, 1995 368 9 

715
2°Ir 

127

MacroAlb/MicroAlb 
6%  Intensive insulin Standard care 

∆ AER (%/year) 
— 2°Ir -6.72 <.001 

 

Reichard, 1993 138 7.5 93 125 
MacroAlb 5% 
MicroAlb 23%   Intensive insulin  

Standard 
insulin  ∆ UAE ( g/min) 56(63) -67 .04   

Intensive Glycemic Control            

GFR 123 (127) +5 NS 
Reichard, 1996 399 10 91 125 MacroAlb 5%  

Intensive 
glycemic control 

Standard 
control UAE progression nd -17%e .01 

 

a For DCCT/EDIC Study, only data from 1995 and 2003 publications included. 
b Baseline value of outcomes in the treatment (comparator) arm. 
c Mean duration of follow-up, 6.5 years for GFR outcome. 
d DCCT style intensive treatment. 
e Values are % of patients. 

µ

µ

µ

µ

µ

Abbreviations: 1°Pr, primary prevention; 2°Ir, secondary intervention. 

M
anagem

entofH
yperglycem

ia
and

G
eneralD

iabetes
C

are
in

C
hronic

K
idney

D
isease

S
63



Table 20. Effect of Glycemic Control on Kidney Function and Albuminuria in Type 2 Diabetes

Author, Year 

Mean 
Study

Duration
(y)

N Mean GFR Albuminuria 
Applic-
ability 

Treatment (qd)a Comparator Outcome 
Baseline 
Valueb Net Effect P Quality

Insulin Therapy              
Kidney Function             

88
MacroAlb/MicroAlb 

0% 
+3% NS 

Levin, 2000 135 2 
53

89
MicroAlb 100% 

 
Intensive insulin 

(multiple/d) 
Standard insulin 

(1-2x/d) ∆ CCr 89
-5% NS 

Albuminuria             
51

1oPr
8% vs 28% .03 

51
2oIr

New onset 
nephropathy 

12% vs 32% .04 Ohkubo, 1995 136 6 

102
All

SCr <1.5 MicroAlb <50%  Intensive insulin (4x/d) 
Conventional 

insulin (1-2x/d) 
Progression of 

albuminuria

—

RR 0.3 NS 

Shichiri, 2000 137 8 99 SCr <1.5 MicroAlb <50%  Intensive insulin (4x/d) 
Conventional 

insulin (1-2x/d) 
Progression of 

albuminuria
— RR 0.26 nd 

140
MacroAlb/MicroAlb 

38% ∆ ACR (mg/dL) 0.04 -0.095 .043 

88
MacroAlb/MicroAlb 

0% ∆ ACR (mg/dL) 0.04 -0.045 NS 
Levin, 2000 135 2 

53

89

MicroAlb 100% 

 
Intensive insulin 

(multiple/d) 
Standard insulin 

(1-2x/d) 

ACR >0.30 — 12% vs 36% .04 
Insulin Therapy and Oral Hypoglycemic Agents 

CKD Stage 5 — RR 0.73 NS 
PCr doubling — RR 0.26 <.05 
Proteinuria — RR 0.66 .04 

UKPDS 33, 
1998 134 10 3867 PCr 0.9 P 2%  

Insulin 
Chlorpropamide 500 mg 

Glibenclamide 20 mg 
Glipizide 40 mg 

Conventional 
treatment (diet) 

MicroAlb — RR 0.67 <.05 

 

a Maximum dose. 
b Baseline value of outcomes in the treatment (comparator) arm. 

Abbreviations: 1°Pr, primary prevention; 2°Ir, secondary intervention.
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Management of Hyperglycemia and General Diabetes Care in Chronic Kidney Disease S65
ype 2 Diabetes (Table 20)

Observational studies have shown a similar
ssociation of poor glycemic control with the
evelopment of elevated albuminuria in type 2
iabetes.369-373 Three major intervention studies
lso have been carried out. In a study design
imilar to the DCCT, the Kumamoto study sepa-

Figure 8. Cumulative incidence of urinary albumin exc
reater (solid line) in patients with type 1 diabetes mellitus r
A) In the primary-prevention cohort, intensive therapy red
.04). (B) In the secondary-intervention cohort, patients wi
ere excluded from the analysis of the development of mic
f albuminuria by 56% (P � 0.01) and the risk of microalbum
eprinted with permission.132

Figure 9. Prevalence and cumulative incidence of micr
icroalbuminuria defined as AER of 28 �g/min or greater,
nd during the EDIC Study. Differences between the 2 trea

0.001). (B) Cumulative incidence of new cases in the

reatment groups with normal albuminuria at the beginning and en
ignificant by the log-rank test (P � 0.001). Reprinted with permiss
ated 110 Japanese subjects with type 2 diabetes
nto primary-prevention and secondary-interven-
ion cohorts and then randomly assigned them to
ntensive (HbA1c, 7.1%) or conventional (HbA1c,
.4%) glycemic control with insulin.136 During
he 6-year study period, a significant reduction of
oth new-onset and progressive DKD was found

f 300 mg/24 h or greater (dashed line) and 40 mg/24 h or
g intensive or conventional therapy.
he adjusted mean risk of microalbuminuria by 34% (P �
ry albumin excretion of 40 mg/24 h or greater at baseline
inuria. Intensive therapy reduced the adjusted mean risk

by 43% (P � 0.001) compared with conventional therapy.

inuria.
lent to 40 mg/24 h. (A) Prevalence at the end of the DCCT
roups are significant at each time after DCCT closeout (P
tudy for participants in the intensive- and conventional-
retion o
eceivin
uced t

th urina
roalbum

inuria
oalbum
equiva
tment g
EDIC S
d of the DCCT. The difference in cumulative incidences is
ion.133
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Guidelines for Diabetes and CKDS66
n subjects who received intensive glycemic con-
rol. In the prevention cohort, 7.7% of subjects in
he intensive-treatment group developed el-
vated albuminuria versus 28.0% in the conven-
ional-treatment group (P � 0.03; Fig 10). After

years, the proportions developing microalbu-
inuria were 11.5% and 43.5%, respectively

Fig 11).137 The UKPDS randomly assigned
ewly diagnosed patients with type 2 diabetes to
ntensive management using a sulfonylurea or
nsulin or to conventional management with diet
lone. Average HbA1c level for the intensive
roup was 7.0% compared with 7.9% for the

Figure 10. Cumulative incidence of DKD after 6 years
solid line) and conventional (dashed line) insulin injection
ropout patients are indicated by short vertical lines on

njection therapy group; CIT, conventional insulin injection t
onventional group during the study.134 After 9
ears of intensive therapy, RR reduction for the
evelopment of microalbuminuria was 24% (95%
I, 9% to 38%; P � 0.0006).134 No difference in

isk reduction was seen whether intensive therapy
as achieved with sulfonylurea or insulin.116 In

he Veterans Affairs (VA) Cooperative Study on
lycemic Control and Complications in Type 2
iabetes Feasibility Trial, 95 men with a mean
uration of diabetes of 7.8 years and no mi-
roalbuminuria were randomly assigned to inten-
ive diabetes control (mean HbA1c, 7.1% at 2
ears) or conventional control (mean HbA1c,

w-up in patients with type 2 diabetes treated by intensive
in the primary-prevention cohort of the Kumamoto study.

id and dashed lines. Abbreviations: MIT, multiple insulin
group. Reprinted with permission.136

Figure 11. Cumulative incidence of DKD after 8
years of follow-up in patients with type 2 diabetes
treated by intensive (solid line) and conventional
(dashed line) insulin injection therapy in the primary-
prevention cohort of the Kumamoto study.
Dropout patients are indicated by short vertical lines on
the solid and dashed lines. Abbreviations: MIT, multiple
insulin injection therapy group; CIT, conventional insu-
of follo
therapy
lin injection therapy group. Reprinted with permis-
sion.137
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.2% at 2 years). In this study, 17% of the
ntensively treated group developed microalbu-

inuria, whereas 35% of the conventionally
reated group developed microalbuminuria after
years (P � 0.05).135

Lowering HbA1c levels to approximately
.0% reduces the development of
acroalbuminuria. (Moderate)

ype 1 Diabetes (Table 19)

In the DCCT, new cases of macroalbuminuria
ccurred in 5.6% of the conventional-treatment
roup and 0.8% of the intensive-treatment group,
or an RR reduction of 84% (95% CI, 58% to
4%; P � 0.0002; Fig 8).132,368 For those who
rogressed from microalbuminuria to macroalbu-
inuria, intensive therapy also reduced the RR

ignificantly (83%; 95% CI, 21% to 96%; P �
.0236).132,368 In the EDIC follow-up study, 8
ears after the end of the DCCT, previous inten-
ive therapy within the DCCT was associated
ith only 9 cases (1.4%) of macroalbuminuria
ersus 59 cases (9.4%) in the previous conven-
ional-therapy group, an RR of 84% (95% CI,
7% to 92%; Fig 12).133 In the similarly de-
igned Stockholm study of 102 patients with
ype 1 diabetes, intensive insulin therapy result-

Figure 12. Prevalence and incidence of albuminuria.
lbuminuria was defined as AER of 208 �g/min or greater,
t the end of the DCCT and during the EDIC Study. Differe
fter DCCT close-out (P � 0.01). (B) Cumulative incidence
nd conventional-treatment groups with either normoalbum

n cumulative incidences is significant (P � 0.001). Reprinte
ng in a mean HbA1c of 7.1% was associated u
ith macroalbuminuria in only 1 of 48 patients
2.1%), whereas conventional therapy, resulting
n a mean HbA1c of 8.5%, was associated with
acroalbuminuria in 9 of 54 patients (16.6%; P
0.01).138

ype 2 Diabetes (Table 20)

In type 2 diabetes, data from the Kumamoto
tudy showed that 11.5% of the intensive-
reatment group progressed to macroalbuminuria
ersus 32.0% of the conventional-treatment group
P � 0.04).136 In the long-term follow-up of
articipants in the Kumamoto study, 2 years after
ompletion of the original randomized trial, the
ifference in HbA1c was maintained, as was the
ignificant reduction in the development of mac-
oalbuminuria (16% in the previous intensive
roup and 40% in the previous conventional
roup; P � 0.04).137 In the UKPDS, the RR
eduction for the development of macroalbumin-
ria with insulin or sulfonylureas was 33% at 9
ears (4.4% versus 6.5%, intensive versus con-
entional), but this finding was not statistically
ignificant.134 In the VA study, 12% of those in
he intensive-treatment group who entered with
icroalbuminuria progressed to macroalbumin-

lent to 300 mg/24 h. (A) Prevalence of clinical albuminuria
etween treatment groups are significant at each time point

cases in the EDIC Study for participants in the intensive-
r microalbuminuria at the end of the DCCT. The difference
permission.133
equiva
nces b
of new
ria, whereas 36% of those in the conventional-



Table 21. Effect of TZDs on Albuminuria, Glycemia, and Blood Pressure in Type 2 Diabetes

Author, Year 
Mean Study 

Duration
N Mean GFR Albuminuria Applicability 

Treatment
(qd)a Comparator Outcome 

Baseline 
Valueb

Net
Effect

P Quality

Albuminuria             

120 -14% NS 
Bakris, 2003 379 1 y 

30c
nd MicroAlb 25%  Rosiglitazone 8 mg Glyburide 10.5 mg ∆ ACR —

-22% NS 
Nakamura,
2001 381 6 mo 28 CCr 105 MicroAlb 100%  Pioglitazone 30 mg Placebo ∆ UAE 

(µg/min) 
96.7 (79.4) 

-58 <.01 

16 CCr 105 MacroAlb 100% 126 (122) -8 NS Nakamura,
2001 382 1 y 

16 CCr 101 MicroAlb 100%  Troglitazone 400 mg Glibenclamide 5 mg ∆ UAE 
(µg/min) 684 (692) -90 <.01 

Imano, 1998 380 12 wk 30 nd MicroAlb 100%  Troglitazone 400 mg Metformin 500 mg ∆ ACR (mg/g) 
70 (72) 

-56 ndd

Glycemia          

Nakamura,
2001 381 6 mo 28 CCr 105 MicroAlb 100%  Pioglitazone 30 mg Placebo ∆ HbA1c (%) 

8.4 (8.0) 
-2.3 ndd

16 CCr 105 MacroAlb 100% 8.2 (8.4) -0.2 Nakamura,
2001 382 1 y 

16 CCr 101 MicroAlb 100%  Troglitazone 400 mg Glibenclamide 5 mg ∆ HbA1c (%) 
8.8 (8.7) +0.1 

nde

Imano, 1998  380 12 wk 30 nd MicroAlb 100%  Troglitazone 400 mg Metformin 500 mg ∆ HbA1c (%) 
8.9 (8.8) 

-0.3 nde

Blood Pressure          

Nakamura,
2001 381 6 mo 28 CCr 105 MicroAlb 100%  Pioglitazone 30 mg Placebo ∆ SBP (mm 

Hg)
126 (128) 

+2 nd 

16 CCr 105 MacroAlb 100% 136 (132) -8 Nakamura,
2001 382 1 y 

16 CCr 101 MicroAlb 100%  Troglitazone 400 mg Glibenclamide 5 mg ∆ SBP (mm 
Hg) 138 (136) -4

nd

Imano, 1998 380 12 wk 30 nd MicroAlb 100%  Troglitazone 400 mg Metformin 500 mg ∆ BP 
(mm Hg) 

148 (147)/80 
(71) -2/+5 nd 

a Maximum dose. 
b Baseline value of outcomes in the treatment (comparator) arm. 
c Subgroup of patients with baseline microalbuminuria (data obtained from graph). 
d P significant in the treatment arm for before versus after treatment. 
e P significant in the treatment and comparator arm for before versus after treatment. 
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Management of Hyperglycemia and General Diabetes Care in Chronic Kidney Disease S69
reatment group progressed in this fashion (P �
.04).135

For all these studies in both type 1 and type 2
iabetes, the overall numbers of individuals with
icroalbuminuria who developed macroalbumin-

ria were small, but less with intensive therapy.
ccordingly, differences in progression rates from
icroalbuminuria to macroalbuminuria with in-

ensive therapy compared with conventional treat-
ent generally were not statistically significant,

lthough the trends were to reduce progression.

Lowering HbA1c levels to approximately
.0% reduces the rate of decrease in GFR.
Weak)

A few long-term observational studies have
hown that poorer glycemic control is associated
ith a greater rate of decrease in GFR in patients
ith type 1 diabetes.374-376 In studies of other

nterventions, such as ACE inhibitors or ARBs,
bA1c levels often were included as covariates.

n the Collaborative Study Group (CSG) analysis
f the early captopril trial of patients with type 1
iabetes and CKD stages 2 to 3 (inferred from
FR and proteinuria levels), a higher HbA1c

evel was associated with an increased risk of
oubling of serum creatinine concentration.377 A
orrelation (r � 0.69; P � 0.01) between HbA1c

evel and rate of decrease in GFR also was found
n a similar analysis of a much smaller group of
atients followed up at the Steno Diabetes Cen-
er who were being treated with ACE inhibi-
ors.378

Most prospective randomized studies used as
vidence for the effect of glycemic control on
idney function are limited by the small number
f patients reaching an outcome of a decrease in
FR. In a study of only 6 patients with type 1
iabetes in whom the rate of decrease in GFR
as compared before and after institution of

ntensive insulin therapy, the change from 1.35
0.31 to 0.69 � 0.13 mL/min/mo was not

tatistically significant, probably because of the
mall number of subjects.141 Another study found
hat more intensive glycemic treatment with just
modest decrease in HbA1c of 1.2% resulted in
reservation of GFR during 2 years compared
ith a usual-treatment group.140 None of 48
atients in the intensive-treatment group and 6 of
4 in the conventional-treatment group in the

tockholm study decreased their GFR (P � i
.02).138 In the EDIC/DCCT follow-up study,

.7% of the previously intensive-treatment group
nd 2.8% of the previously conventional-treat-
ent group developed serum creatinine concen-

rations of 2.0 mg/dL or greater (P � 0.004), and
% versus 4%, respectively, developed measured
reatinine clearance values less than 70 mL/min/
.73 m2 (P � 0.001).133 For patients with type 2
iabetes, intensive treatment in the UKPDS was
ssociated with a 67% risk reduction for a dou-
ling of plasma creatinine levels at 9 years (0.71%
f the intensive group and 1.76% of the conven-
ional group; P � 0.027).134 In a small random-
zed study from Italy, 34 patients with type 2
iabetes who underwent intensive treatment with
nsulin and achieved an HbA1c level of 7.0%
tabilized their rate of decrease in GFR, whereas
hose randomly assigned to metformin achieved
n HbA1c of 8.0% and had a greater decrease in
FR during a 4-year period.139

Thiazolidinediones may have unique
roperties that reduce albuminuria. (Weak)
Several relatively small short-term studies have

valuated whether thiazolidinediones (TZDs) de-
rease albuminuria more than standard therapy
ith other oral agents (metformin or sulfonyl-
reas) or dietary treatment for hyperglycemia in
atients with type 2 diabetes and microalbumin-
ria (Table 21).379-382 Albuminuria was de-
reased or trends in this direction were observed
ith TZD treatment in all these studies. Whether

his putative benefit was caused by better control
f risk factors or the TZDs per se is not clear
rom the available evidence because TZD treat-
ent was associated with larger decreases in

lycemia or correlated with decreases in blood
ressure.379,381,382

COMPARISON WITH OTHER GUIDELINES

This guideline is consistent with the ADA
uidelines,34 which recommend that adults with
iabetes achieve an HbA1c level less than 7.0%
r as close to normal as possible without exces-
ive episodes of hypoglycemia, with the goal of
educing all complications of diabetes. Although
he ADA does not have a separate guideline for
atients with DKD, it recognizes that certain
opulations may require special considerations
nd that less intensive glycemic goals may be

ndicated in patients with severe or frequent
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Guidelines for Diabetes and CKDS70
ypoglycemia. The American Association of
linical Endocrinologists, the International Dia-
etes Federation Global Guidelines, and the Eu-
opean NIDDM Working Group proposed that
he HbA1c goal be less than 6.5% (www.rbh.
thames.nhs.uk/PRESTIGE/niddm/niddm.htm;
ast accessed 7/27/2006).383 Again, this level is
ecommended with the goal of reducing all com-
lications of diabetes. None of these organiza-
ions has a separate guideline specific to DKD.

LIMITATIONS

An overall glycemic goal for people with
iabetes of less than 7.0% is very strongly sup-
orted by substantial data from large prospective
andomized studies of both type 1 and type 2
iabetes. Much of this support stems from ben-
fits for some of the other major complications of
iabetes, especially retinopathy. With respect to
idney outcomes, data are very strong for the
evelopment of microalbuminuria. The numbers
f patients progressing to more advanced out-
omes, such as macroalbuminuria and decreases
n GFR, are decreased significantly with im-
roved glycemic control, but much of this de-
rease is related to the smaller number develop-
ng microalbuminuria to begin with. Nonetheless,
ven for those with more advanced disease, evi-
ence supports reaching the recommended HbA1c

arget.

IMPLEMENTATION ISSUES

rug Therapies

The major risk for patients attaining HbA1c

evels less than 7.0% is the increasing develop-
ent of hypoglycemia with lower glucose con-

entrations. This is particularly true for those
ith type 1 diabetes being treated with insu-

in.132,138,384 Although the risk is increased in
hose with type 2 diabetes being treated with
nsulin,134,137 the magnitude of the risk is consid-
rably less. The UKPDS also showed that sulfo-
ylureas are associated with a small risk of
ypoglycemia.134

Special Considerations in CKD Stages 3
o 5

Patients with decreased kidney function (CKD
tages 3 to 5) have increased risks for hypoglyce-

ia for 2 reasons: (1) decreased clearance of e
nsulin and some of the oral agents used to treat
iabetes, and (2) impaired kidney gluconeogen-
sis. With reduced kidney mass, the amount of
luconeogenesis carried out by the kidney is
ecreased.142 This reduction in gluconeogenesis
ay reduce the ability of a patient who is becom-

ng hypoglycemic as the result of excessive insu-
in/oral agent dosage or lack of food intake to
efend against hypoglycemia. However, this ef-
ect is difficult to quantify. About one third of
nsulin degradation is carried out by the kidney,
nd impaired kidney function is associated with
prolonged half-life of insulin. Thus, patients
ith type 1 diabetes receiving insulin who had

ignificant creatinine elevations (mean, 2.2 mg/
L) had a 5-fold increase in the frequency of
evere hypoglycemia.143,144 Therefore, it is im-
erative that patients being treated intensively
onitor their glucose levels closely and reduce

oses of medicines (insulin and oral agents) as
eeded to avoid hypoglycemia.
With progressive decreases in kidney func-

ion, decreased clearances of the sulfonylureas
r their active metabolites also have been
ound,385-387 necessitating a decrease in drug
osing to avoid hypoglycemia. Table 22 provides
ecommendations for dosing of drugs used to
reat hyperglycemia in patients with CKD stages

to 5. First-generation sulfonylureas (eg, chlor-
ropamide, tolazamide, and tolbutamide) gener-
lly should be avoided in patients with CKD
ecause these agents rely on the kidney to elimi-
ate both the parent drug and active metabolites,
esulting in increased half-lives and risk of hypo-
lycemia. Of the second-generation sulfonyl-
reas (eg, glipizide, gliclazide, glyburide, and
limepiride), glipizide and gliclazide are pre-
erred agents because they do not have active
etabolites and do not increase the risk of hypo-

lycemia in patients with CKD. In the meglitin-
de class, nateglinide has increased active metabo-
ites with decreased kidney function,388,389 but
ncreased active metabolites do not occur with
epaglinide, another meglitinide.390 Metformin
hould not be given to patients with serum creat-
nine concentrations of 1.5 mg/dL or greater in
en and 1.4 mg/dL or greater in women because

t is cleared by the kidney and may build up with
ven modest impairment of kidney function,
utting patients at risk of lactic acidosis.391 How-

ver, hypoglycemia is not a problem with met-

http://www.rbh.nthames.nhs.uk/PRESTIGE/niddm/niddm.htm
http://www.rbh.nthames.nhs.uk/PRESTIGE/niddm/niddm.htm
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ormin. Rosiglitazone is cleared by the liver and
oes not have to be reduced with impaired kid-
ey function.392 Therefore, rosiglitazone does
ot increase the risk of hypoglycemia in patients
ith CKD, but it has the potential, along with
ioglitazone, to worsen fluid retention.
Table 23 lists the available insulin prepara-

ions that may be used in diabetes and CKD.

Table 22. Dosing Adjustments by CKD S

 gurD ssalC
D

CKD St
First-generation 
sulfonylureas 

 edimaxehotecA

R edimaporprolhC 
GFR

Avoid 
 edimazaloT 
 edimatubloT 

Second-generation 
sulfonylureas 

Glipizide 
No

 edizalcilG 
No

 edirubylG 
inI ediripemilG 

Alpha-glucosidase 
inhibitors  

Acarbose Not 

 toN lotilgiM 

Biguanides Metformin Contra
define

Meglitinides Repaglinide No
I edinilgetaN 

Thiazolidinediones Pioglitazone No
oN enozatilgisoR 

Incretin mimetic Exenatide No
Amylin analog Pramlintide No d

G
DPP-4 inhibitor Sitagliptin Reduce

GFR 
an

G

Table 23. Insulin Preparation

 tceffE fo noitaruD
 gnitca-dipaR

 
 
 
Intermediate-acting 

 gnitca-gnoL

 

oses are not specified by level of kidney func-
ion, but should be adjusted based on frequent
onitoring to balance goals of glycemic control
ith avoiding hypoglycemia. Other consider-

tions that are not specific to the level of kidney
unction include avoiding or minimizing the oc-
urrence of interactions with drugs used to lower
lood glucose. Table 24 lists clinically relevant

or Drugs Used to Treat Hyperglycemia

ecommendation  
4, or Kidney Transplant 

Dosing Recommendation 
Dialysis 

 diovA  diovA

  nehw %05 yb eso
 ≥50 mL/min/1.73 m2

FR <50 mL/min/1.73 m2

Avoid 

 diovA  diovA
 diovA  diovA

red sulfonylurea 
justment necessary 

Preferred sulfonylurea 
No dose adjustment necessary 

 aerulynoflus de
justment necessary 
vailable in US 

Preferred sulfonylurea 
No dose adjustment necessary 

Not available in US 
 diovA  diovA
 diovA  yliad gm 1 ,esod wo

ended in patients with  
r >2 mg/dL 

Avoid 

  htiw stneitap ni dedne
r >2 mg/dL 

Avoid 

 with kidney dysfunction 
r ≥1.5 mg/dL in men or 
g/dL in women 

Avoid 

justment necessary No dose adjustment necessary 
  gm 06 ,esod wol t

re each meal 
Avoid 

justment necessary No dose adjustment necessary 
 yrassecen tnemtsujda esod oN yrassecen tnemtsuj

justment necessary No dose adjustment necessary 
stment necessary for  
0 mL/min/1.73 m2

No data available 

y 50% (50mg/day) when 
 ≥ 30 mL/min/1.73 m2

 (25 mg/day) when 
0 mL/min/1.73 m2

Reduce dose by 75% (25 mg/day) 

gorized by Duration of Effect

 noitaraperP nilusnI
 nilusni ralugeR

 noitulos nilusni orpsiL
 noitulos etatrapsa nilusnI

 enisilulg nilusnI
hane insulin suspension (NPH) 

  enigralg nilusnI
tage f

osing R
ages 3, 

d ecude
 <70 and
when G

Prefer
 dose ad

rreferP
 dose ad

Not a

l ta etait
recomm

SC
mmocer
SC

indicated
d as SC

≥1.4 m
 dose ad

a etaitin
befo

 dose ad
da esod 

 dose ad
ose adju
FR 20-5
 dose b
< 50 and
d by 75%
s Cate

Isop
 rimeted nilusnI
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Guidelines for Diabetes and CKDS72
rug interactions. Other potential drug interac-
ions also may exist.

ssessment of Glycemic Control and
omplications Other Than Kidney Disease

An additional factor that may hinder good
lycemic control in patients with progressive
idney disease is some degree of inaccuracy of
he HbA1c measurement in reflecting ambient
lucose concentrations. Factors that may contrib-
te to falsely decreased values include a reduced
ed blood cell lifespan, hemolysis, and iron defi-
iency, whereas falsely increased values may
ccur due to carbamylation of the hemoglobin
nd acidosis. However, the relationship between
bA1c and glucose concentrations was not differ-

nt between patients with normal kidney func-
ion and those with kidney failure (mean creati-
ine, 6.6 mg/dL), but some hemodialysis patients
ad lower than expected HbA1c concentrations
elative to the ambient glucose concentrations.393

pposite findings for dialysis patients were re-
orted.394 In a comparison of different affinity
igh-performance liquid chromatography meth-
ds, the Variant II (Bio-Rad Laboratories) method

Table 25. ADA Standards for

 tnemerusaeM
HbA1c s ni raey rep eciwT 

Every 3 mo after cha
Preprandial capillary glucose Treated with mul

Treated with fewer insulin injections
sufficie

Peak postprandial capillary 
glucose (1-2 h after May be particularly helpful in pati

Table 24. Clinically Relevant Interactio

Class Drug Interaction 

Meglitinides Repaglinide Gemfibrozil increases repa
concentrations and half

Inhibitors of CYP3A4 sys
 Nateglinide Nateglinide inhibits CYP

Thiazolidinediones Pioglitazone Pioglitazone may interac
CYP3A4 inducers or inhib

 Rosiglitazone Gemfibrozil increases rosig
area under the curve and ha

inhibiting CYP2C8 

Abbreviation: CYP, cytochrome P-450. 
beginning a meal) injections before meals to a
howed a positive bias (0.59% at 6% HbA1c and
.88% at 9% HbA1c), but other methods (Primus
LC330, Diamat, Unimate) did not show clini-
ally significant biases (www.missouri.edu/�
iabetes/ngsp/index.html; last accessed October
, 2006).391 Neither peritoneal dialysis nor hemo-
ialysis acutely change HbA1c levels.392 Fruc-
osamine generally correlated more poorly with
lucose than did HbA1c in patients with CKD
tages 4 and 5.395,396

The patient on long-term dialysis therapy no
onger needs to achieve good glycemic control to
revent deterioration of kidney function. How-
ver, good control may still prevent or slow the
rogression of retinopathy, neuropathy, and pos-
ibly macrovascular disease. Survival improves
ith better glycemic control in patients on perito-
eal dialysis145 and hemodialysis therapy.146 In
he latter study, after adjustment for age and sex,
bA1c was a significant predictor of survival

hazard ratio [HR], 1.133 per 1.0% increment of
bA1c; 95% CI, 1.028 to 1.249; P � 0.012).146

In the opinion of the Work Group, assessment
f glycemic control in diabetes and CKD should
ollow the standards set by the ADA (Table

sment of Glycemic Control34

 laoG ycneu
 slaog gniveihca era ohw stneit

reatment or if goal not achieved 
<7.0% 

lin injections: ≥3 times daily 
ents, or medical nutrition therapy alone: daily, 

n to achieve goals 

90-130 mg/dL  
(5.0-7.2 mmol/L) 

eeded 
 gastroparesis and those using rapid insulin 

<180 mg/dL  
(<10.0 mmol/L) 

h Drugs Used to Treat Hyperglycemia

Managing the Interaction 

Combining repaglinide and gemfibrozil is not recommended. If 
clinically necessary, reduce the dose of repaglinide and 
monitor blood glucose carefully to avoid hypoglycemia 

Initiate doses of 2C9 substrates (eg, amiodarone, fluoxetine, 
phenytoin, and warfarin) at lower doses and monitor carefully 

If combined use of pioglitazone with a CYP3A4 inducer is 
necessary, consider reducing dose of pioglitazone and careful 

blood glucose monitoring to avoid hypoglycemia 

 
If combination treatment with gemfibrozil and rosiglitazone is 

necessary, decrease rosiglitazone dose by 50%-70% and 
monitor blood glucose carefully to avoid hypoglycemia 
Asses

qerF
ap elbat

nge in t
tiple insu
, oral ag
ntly ofte

As n
ents with
ns Wit

glinide 
-life 
tem 
2C9 

t with 
itors 

litazone 
lf-life by
djust the dose-meal calculation 

http://www.missouri.edu/diabetes/ngsp/index.html
http://www.missouri.edu/diabetes/ngsp/index.html
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5).34 In people receiving multiple insulin injec-
ions, SMBG is recommended 3 or more times
aily (before meals and at bedtime). In those
eceiving less frequent insulin injections, oral
gents, or medical nutrition therapy alone, SMBG
s useful in achieving glycemic goals. Postpran-
ial SMBG testing also may be helpful, particu-
arly in patients with gastroparesis, to achieve
ostprandial glucose goals and in patients using
apid insulin injections before meals to adjust the
ose-meal calculation. The optimal frequency of
MBG has not been established in patients with

ype 2 diabetes treated by oral agents, but the
DA recommends testing sufficiently often to

each glycemic goals. In addition, HbA1c levels
hould be determined at least twice per year in
table patients who are achieving glycemic goals
nd more often, approximately every 3 months,
n patients whose therapy has changed or who
re not reaching goals.

Other microvascular and macrovascular com-
lications of diabetes are common in those with
KD. Assessment and management of CVD is
ddressed in the Background section of these
uidelines. Screening and treatment of retinopa-
hy and foot care also are essential to the care of

Table 26. ADA Standards for Asse

 noitaulavE noitacilpmoC
Retinopathy Comprehensive dilated eye 

examination or nonmydriatic digit
stereoscopic retinal imaging 

Foot ulcers*  noitcepsni lausiV 
 noitcepsni lausiV 

Semmes-Weinstein monofilamen
testing, 128-Hz tuning fork 

Pedal pulses† 
Comprehensive examination an

preventive care 
*High-risk patients include those with CKD, CVD, peripheral vascular disease
altered biomechanics, callus, bony deformity, nail pathology, retinopathy, dia
†Consider obtaining an ankle-brachial index at initial screening for peripheral
asymptomatic. 
atients with diabetes and kidney disease. In the p
bsence of specific data in the diabetes and CKD
opulation, the Work Group recommends follow-
ng the standards set by the ADA (Table 26).34

n ophthalmologist or optometrist who is knowl-
dgeable and experienced in the diagnosis and
anagement of diabetic retinopathy should per-

orm a comprehensive dilated eye examination
nnually in all people with diabetes. Recently,
onmydriatic digital stereoscopic retinal imag-
ng has proved to be a sensitive and specific
ethod to screen and diagnose retinopathy, and

t is being used in many facilities. In a recent
tudy, sensitivity was 98% and specificity was
00%.397 Patients should be educated about the
mportance of foot surveillance and ulcer preven-
ion, with an emphasis on self-management as
iscussed in CPR 4. The feet should be examined
isually at each health care visit. A comprehen-
ive foot and vascular examination including
isual inspection, Semmes-Weinstein monofila-
ent testing, use of a 128-Hz tuning fork for

esting of vibratory sensation, and evaluation of
edal pulses should be performed annually. Be-
ause the risk of ulcers and amputations is high
n those with diabetes and CKD, referral to
oot-care specialists for annual examinations and

t of Retinopathy and Foot Care379

 ycneuqerF gnitteS
phthalmologist or optometrist who is 
knowledgeable and experienced in 
diabetic retinopathy or nonmydriatic 
digital stereoscopic retinal imaging 

Annually 

 yliaD  tnemeganam-fleS
 tisiv hcaE sretnuocne erac htlaeH

Health care encounters Annually 

Health care encounters Annually 
Refer high-risk patients to foot and/or 

vascular specialistsb
Annually, more often as 

needed 
athy with loss of protective sensation, reduced ankle-brachial index, or 
ation longer than 10 years, and poor glycemic control. 
isease because many patients with peripheral arterial disease are 
ssmen

al 
O

t 

d 

, neurop
betes dur
 arterial d
reventive care is encouraged.
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GUIDELINE 3: MANAGEMENT OF HYPERTENSION IN

DIABETES AND CHRONIC KIDNEY DISEASE
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Most people with diabetes and CKD have
ypertension. Treatment of hypertension slows
he progression of CKD.

.1 Hypertensive people with diabetes and
CKD stages 1-4 should be treated with an
ACE inhibitor or an ARB, usually in
combination with a diuretic. (A)

.2 Target blood pressure in diabetes and
CKD stages 1-4 should be < 130/80 mm
Hg. (B)

BACKGROUND

The natural history of DKD is characterized
y hypertension, along with increasing albumin-
ria and decreasing GFR. In both type 1 and type
diabetes, the natural history is similar, with the

xception that onset of hypertension and vascu-
ar disease is earlier in the course of kidney
isease in type 2 diabetes.147,148 A large number
f epidemiological studies and controlled trials
ave defined hypertension as a risk factor for
rogression of DKD, and antihypertensive treat-
ent reduces this risk.3

The purpose of this guideline is to provide a
ocused update of the diabetes and CKD section
f the NKF-KDOQI™ CPGs on Hypertension
nd Antihypertensive Agents in CKD.5 The rap-
dly emerging literature in this field was re-
iewed to update the guidelines. A major differ-
nce in the present guideline is that the
ecommendation for ACE-inhibitor or ARB treat-
ent in normotensive people with diabetes and
icroalbuminuria or macroalbuminuria was

laced in CPR 1. This change was made because
ery few normotensive patients were included in
xisting studies and data are limited primarily to
urrogate outcomes (albuminuria/proteinuria).
tudies in which albuminuria reduction by RAS

nhibition was a specified outcome also were

Table 27. Hypertension and

Clinical 
Assessment 

Target Blood 
Pressure Preferre

Blood pressure  
≥130/80 mm Hg <130/80 mm Hg B ACE in
Note: Letters in shaded areas denote strength of recommendation

American Journal of Kidney Dise74
eviewed. Because these studies were limited to
econdary analyses of clinical trials of ARBs in
atients with type 2 diabetes and DKD, this
iscussion also was placed in CPR 1.

RATIONALE

For this guideline, studies of people with type
or type 2 diabetes and CKD stages 1 to 4 were

ncluded. Studies of kidney transplant recipients
ere excluded. Because of the high prevalence
f diabetes, many individuals with other types of
KD also may have diabetes. In general, the
uidelines for use of antihypertensive agents in
idney disease due to diabetes and other causes
o not conflict.34,154

ACE inhibitors and ARBs were compared
ith other classes of antihypertensive agents. In

hese studies, diuretics frequently were used as
dditional antihypertensive agents to achieve
lood pressure control. Few studies directly com-
ared ACE inhibitors and ARBs with each other
n DKD, and with the exception of 1 study,400 all
ocused on changes in blood pressure, rather than
arkers of kidney disease or clinical outcomes.

n addition, data comparing other classes of
ntihypertensive agents are provided. The main
ecommendations for this guideline and for doses
f ACE inhibitors and ARBs are shown in Table
7 and Table 28, respectively.

Most patients with DKD have
ypertension. (Strong)
Hypertension is one of the most common

omorbidities in DKD (Table 29).149-153 Be-
ause the studies cited in Table 29 were pub-
ished before the JNC 7 report, hypertension
enerally was defined as blood pressure greater
han 140/90 mm Hg. The JNC 7 defines hyperten-
ion in those with diabetes or CKD as blood

ypertensive Agents in DKD

ts for CKD 
Other Agents to Reduce CVD Risk 
and Reach Target Blood Pressure 

r ARB A
Diuretic preferred, then b -
blocker or calcium channel 

blocker 
A

Antih

d Agen

hibitor o
s. 

ases, Vol 49, No 2, Suppl 2 (February), 2007: pp S74-S87
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Management of Hypertension in Diabetes and Chronic Kidney Disease S75
ressure greater than 130/80 mm Hg. Thus, these
revalence estimates likely represent lower range
alues based on current criteria for hypertension
n diabetes or CKD. The onset of hypertension in
ype 1 diabetes generally signifies the onset of
KD. Conversely, hypertension in type 2 diabe-

es may occur in the absence of DKD.

Higher levels of blood pressure are
ssociated with more rapid progression of
KD. (Strong)
A number of prospective studies show a strong

elationship between a higher level of blood
ressure and an increased risk of kidney failure
nd worsening kidney function in DKD.401-403

ome studies suggest that higher systolic blood
ressure is more important than higher diastolic
lood pressure or high pulse pressure for kidney
isease progression.173,403

Table 28. Doses of ACE

atS )emaN edarT( emaN gurD
ACE Inhibitors 

01 )nisnetoL( lirpezaneB
m 52-52.6 )netopaC( lirpotpaC
5 )cetosaV( lirpalanE
01 )lirponoM( lirponisoF
01 )lirtseZ ,livinirP( lirponisiL
5.7 )csavinU( lirpixeoM

4 )noecA( lirpodnireP
2-01 )lirpuccA( lirpaniuQ

C( yliad gm 52.1 )ecatlA( lirpimaR
2.5
1 )kivaM( lirpolodnarT

ARBs
a gm 61 )dnacatA( natrasednaC
ad gm 006 )neteveT( natrasorpE
51 )orpavA( natrasebrI
5-52 )raazoC( natrasoL

ad gm 02 )racineB( natrasemO
04 )sidraciM( natrasimleT
 ro 08 )navoiD( natraslaV

*Goal doses should be at the higher end of the dose range when possible. 

Table 29. Prevalenc

 serutaeF lacinilC
Type 1 diabetes, microalbuminuria 
Type 1 diabetes, macroalbuminuria 
Type 2 diabetes, microalbuminuria 
Type 2 diabetes, macroalbuminuria 
 The prevalence in type 2 diabetes varie
wider range.149-153
ACE inhibitors and ARBs are effective in
lowing progression of kidney disease
haracterized by microalbuminuria in
ypertensive patients with type 1 or type 2
iabetes. (Moderate)
ACE inhibitors and ARBs decrease urine albu-
in excretion, slow the increase in albumin

xcretion, and delay the progression from mi-
roalbuminuria to macroalbuminuria in kidney
isease due to type 1 or type 2 diabetes (Table
0).155-166 Although most patients in these stud-
es were hypertensive, some patients were not
by conventional criteria) because of their early
tage of kidney disease. Consequently, patients
n the ACE-inhibitor or ARB group had lower
ean blood pressure during follow-up than pa-

ients in the control group. A “head-to-head”
omparison of an ACE inhibitor versus ARB in a
mall study of predominantly microalbuminuric

ors and ARBs for Adults

 *esoD laoG es

 sesod dedivid 2-1 ni d/gm 04-02 yl
 yad rep semit 3 ro 2 gm 051-52 yad rep s

 sesod dedivid 2-1 ni yliad gm 04-01 
 yliad gm 08-02 yl
 yliad gm 04-02 yl

 sesod dedivid 2-1 ni yliad gm 03-5.7 yl
 sesod dedivid 2-1 ni yliad gm 61-4 
 sesod dedivid 2-1 ni yliad gm 08-02 yli

m 37.1/nim/L 2)
ly 

1.25-20 mg daily in 1-2 divided doses 

 yliad gm 4-2 

 sesod dedivid 2-1 ni yliad gm 23-2 ypareh
 sesod dedivid 2-1 ni yliad gm 008-004 )yparehto

 yliad gm 003-051 yli
 sesod dedivid 2-1 ni yliad gm 001-52 yli

 yliad gm 04-02 )ypareht
 yliad gm 08-04 yl
  yliad gm 023-08 yliad

pertension in DKD

 )%( ecnelaverP
30-50 
65-88 
40-83 
78-96 

g ethnic populations and thus has a 
Inhibit

oD gnitr

iad gm 
emit 3 g
yliad gm 
iad gm 
iad gm 
iad gm 
yliad gm 
ad gm 0
m 04< rC

 mg dai
yliad gm 

tonom s
nom( yli
ad gm 0
ad gm 0
onom( yli
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Table 30. Effect of Antihypertensive Agents on CKD and Hypertension in Type 1 and Type 2 Diabetes

Baseline a Comparators BP Outcomes Clinical Outcomes 

Author,
Year

N

A
pp

lic
ab

ili
ty

 

Mean GFR 

Proteinuria
(mg/24 h) 
b denotes 

albuminuria 

Mean BP 
(mm Hg) 

Comparator 1 
Final Mean BP 

(mm Hg) 

Comparator 2 
Final Mean BP 

(mm Hg) 

K
id

ne
y 

D
is

ea
se

 
Pr

og
re

ss
io

n 

Pr
ot

ei
nu

ria

C
VD

 a
nd

 
M

or
ta

lit
y 

LV
H

M
et

ho
do

lo
gi

ca
l 

Q
ua

lit
y

Chronic Kidney Disease & Type 1 Diabetes 
ACE-I vs Placebo 

Lewis, 1993 168 409 84 2500 137/85 
Captopril 
96 (MAP) 

Placebo
100 (MAP) +c

ACE-I vs Dihydropyridine CCB 

Tarnow, 1999 429 52 88 1338b 152/95 
Lisinopril
142/82 

Nisoldipine 
153/84 

 NS

ACE-I vs Dihydropyridine CCB vs b-Blocker  
Ramipril
138/86 

Felodipine
137/82 

NS NSb

Ramipril
138/86 

Metoprolol 
144/86 

NS NSbSawicki, 1997 430 33 80 1600b 146/90 

Felodipine
137/82 

Metoprolol 
144/86 

NS NSb

Chronic Kidney Disease & Type 2 Diabetes 
ACE-I vs Placebo

Trevisan, 1995 165 152 SCr 1.0 89 147/90 
Ramipril
142/87 

Placebo
149/87 +c

Ruggenenti, 2004 419 1204 SCr 0.9 7.2 151/87 
Trandolapril

139/81 
Placebo
142/83 +bc  

ACE-I + Non-Dihydropyridine CCB vs Placebo 

Ruggenenti, 2004 419 1204 SCr 0.9 7.6 151/87 
Trandolapril + Verapamil 

139/80 
Placebo
142/83 +bc

ACE-I vs Diuretic 

Lisinopril Chlorthalidone 

3674 103d (≥90) 146/85d NS
5944 75d (60-89) 146/84d NS
1888 50d (<60) NS

Rahman, 2005 172

5433d 50d (30-59) 

nd

147/83d

136/75e 134/75e

NSd NSd

ACE-I vs b-Blocker  

Bakris, 1996 406 34 67 2700 155/97 
Lisinopril
134/84 

Atenolol 
138/84 +    

Schnack, 1996 164 105 82 127 mg/g Crb 170/100 
Ramipril
150/85 

Atenolol 
150/80 +c
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Baseline a Comparators BP Outcomes Clinical Outcomes 

Author,
Year

N

A
pp

lic
ab

ili
ty

 

Mean GFR 

Proteinuria
(mg/24 h) 
b denotes 

albuminuria 

Mean BP 
(mm Hg) 

Comparator 1 
Final Mean BP 

(mm Hg) 

Comparator 2 
Final Mean BP 

(mm Hg) 

K
id

ne
y 

D
is

ea
se

 
Pr

og
re

ss
io

n 

Pr
ot

ei
nu

ria

C
VD

 a
nd

 
M

or
ta

lit
y 

LV
H

M
et

ho
do

lo
gi

ca
l 

Q
ua

lit
y

Chronic Kidney Disease & Type 2 Diabetes (continued) 
ACE-I vs Dihydropyridine CCB

Schrier, 2002 424 480 82 30-300 137/84 
Enalapril

nd
Nisoldipine 

nd
NS

Estacio, 2000 409 470 83 30-300 156/98 
Enalapril
132/78 

Nisoldipine 
138/86 

NS   

Agardh, 1996 155 335 102 94b 163/99 
Lisinopril
147/88 

Nifedipine 
150/88 +c

De Cesaris, 
1996 158 46 148 151  155/100 

Benazepril
143/86 

Nicardipine 
144/84 +c

Chan, 1992 156 102 66 65b 120
(MAP)

Enalapril
99 (MAP) 

Nifedipine 
97 (MAP) +c

Chan, 2000 157 102 74 73b 172/92 
Enalapril

nd
Nifedipine 

nd +c

Velussi, 1996 431 18 110 76 183/95 
Cilazapril 
135/74 

Amlodipine
135/74 

NS

ACE-I vs Non-Dihydropyridine CCB 

Bakris, 1996 406 36 67 2700 155/97 
Lisinopril
134/84 

Verapamil
138/86 

NS    

ARB vs Placebo 

Brenner, 2001 167 1513 SCr 1.9 1237 mg/g Crb 152/82 
Losartan 
140/74 

Placebo
142/74 +c

Lewis, 2001 169 1148 SCr 1.7 2900b 160/87 
Irbesartan 

140/77 
Placebo
144/80 +c

396 110 84b 153/90 
Irbesartan 150 mg 

143/83 
Placebo
141/83 +

Parving, 2001 161

395 108 77b 153/90 
Irbesartan 300 mg 

141/83 
Placebo
141/83 +

ARB vs ACE-I 

Barnett, 2004 400 216 93 67b 152/86 
Telmisartan 

143/78 
Enalapril
146/83 

NS NS 

ARB vs Dihydropyridine CCB  

Lewis, 2001 169 1146 SCr 1.7 2900b 160/87 
Irbesartan 

140/77 
Amlodipine

141/77 +c

(Continued)
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Table 30 (Cont’d). Effect of Antihypertensive Agents on CKD and Hypertension in Type 1 and Type 2 Diabetes

Baseline a Comparators BP Outcomes Clinical Outcomes 

Author,
Year

N

A
pp

lic
ab

ili
ty

 

Mean GFR 

Proteinuria
(mg/24 h) 
b denotes 

albuminuria 

Mean BP 
(mm Hg) 

Comparator 1 
Final Mean BP 

(mm Hg) 

Comparator 2 
Final Mean BP 

(mm Hg) 

K
id

ne
y 

D
is

ea
se

 
Pr

og
re

ss
io

n 

Pr
ot

ei
nu

ria

C
VD

 a
nd

 
M

or
ta

lit
y 

LV
H

M
et

ho
do

lo
gi

ca
l 

Q
ua

lit
y

Chronic Kidney Disease & Type 2 Diabetes (continued) 
ARB vs ARB+ACE-I 

Mogensen, 
2000422 197 104 64 163/96 

Candesartan +14/+10 
(change)

Lisinopril + 
Candesartan +25/+16 

(change)
 NS   

CCB vs Diuretic 

Amlodipine Chlorthalidone 

3674 103d (≥ 58/641 )09 d NS

5944 75d (60-89) 146/84d NS

1888 50d (<60) NS

Rahman 2005 172

5433d 50d (30-59) 

nd

147/83d

135/75e 134/75e

NSd NSd

CCB vs Placebo 

Lewis, 2001 169 1136 SCr 1.7 2900b 158/87 
Amlodipine

141/77 
Placebo
144/88 

NS    

Ruggenenti, 
2004 419 1204 SCr 0.9 8.4 150/87 

Verapamil
141/82 

Placebo
142/83 

 NS  

Note: Clinical Outcomes: Coding of comparison of study arm 1 versus study arm 2: “+” better, “-“ worse (with reference to benefit for patient). “NS” comparison was not statistically significant. Kidney Disease Progression: This 
includes: doubling of SCr, increase in SCr, loss of GFR or CCr, CKD Stage 5 (dialysis or transplantation). GFR is given in mL/min/1.73 m2 or mL/min, creatinine clearance (CCr) is given in mL/min/1.73 m2 or mL/min. Serum 
creatinine (SCr) is given in mg/dL that is reported only if GFR or CCr are not given. To convert serum creatinine from mg/dL to µmol/L, multiply by 88.4. Results from controlled trials which primarily studied kidney disease 
progression outcomes, but included all-cause mortality in their primary composite outcomes, were subsumed under kidney disease progression outcomes. Proteinuria includes: increase in proteinuria; increase from 
microalbuminuria to macroalbuminuria. Proteinuria or albuminuria (denoted by b) is given in mg/24 h. CVD and mortality includes: CVD death (myocardial infarction and stroke), nonfatal myocardial infarction, unstable angina 
or acute coronary syndrome, heart failure, cerebrovascular event, critical leg ischemia or peripheral vascular disease or amputation, any revascularization such as coronary, cerebrovascular, or peripheral revascularization. 
LVH includes increase in left ventricular hypertrophy or increase in left ventricular mass or volume. 

Abbreviations: NS,= No significant difference between the 2 interventions. 
+ = Comparator 1 showed significant benefit compared to comparator 2. 
a Baseline data from comparator 1 group are reported. 
b Albuminuria. 
c Effect preserved after adjustment for arterial blood pressure during follow-up. 
d The total number of subjects with GFR of 30-59 mL/min/1.73 m2 in the 3 treatment arms (lisinopril, chlorthalidone and amlodipine), including diabetic and nondiabetic patient data from abstracts. 
e Blood pressure values include participants with and without diabetes. 
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Management of Hypertension in Diabetes and Chronic Kidney Disease S79
ypertensive patients with type 2 diabetes and a
FR greater than 70 mL/min/1.73 m2 demon-

trated equivalent efficacy of the 2 agents in
lowing loss of kidney function, given similar
evels of blood pressure reduction.400 Follow-up
n most studies of microalbuminuric patients
enerally was in the range of 2 to 4 years, so
FR often was stable.
Because no trials of ACE inhibitors or ARBs

n patients with diabetes and microalbuminuria
ave demonstrated a reduction in such clinical
utcomes as CKD stage 5, doubling of serum
reatinine level, or death, the Work Group
oncluded that evidence for treatment of mi-
roalbuminuric patients with these medicines
s moderate. This represents a change in level
f evidence grading from “strong” in the NKF-
DOQI™ CPGs on Hypertension and Antihy-
ertensive Agents in CKD.5 At the time of the
resent review, the Work Group believed that

Diabetic Kidney Disea

25.0=RR

Figure 13. Results from the CSG captopril trial.
hanges in (A) blood pressure and (B) proteinuria. Square

or (C) doubling of baseline serum creatinine and (D) for de
he change in evidence grading would encour- r
ge studies of long-term outcomes and other
ypes of agents. However, in the absence of
articipation in such a clinical trial, the Work
roup recommends this treatment despite mod-

rate evidence.

ACE inhibitors are more effective than
ther antihypertensive classes in slowing
rogression of kidney disease
haracterized by macroalbuminuria in
ypertensive patients with type 1 diabetes.
Strong)

The CSG trial of captopril in diabetic nephrop-
thy demonstrated that ACE inhibitors are effec-
ive in reducing albuminuria and slowing the
ecrease in GFR and onset of kidney failure in
atients with type 1 diabetes and macroalbumin-
ria (Table 30).168,171,404,405 In the placebo group,
lood pressure was controlled with other antihy-
ertensive agents as necessary. Figure 13 shows

www.hypertensiononline.org

aborative Study Group

05.0=RR

pril group; circles, placebo group. Cumulative event rates
lysis, or transplantation. Modified with permission.168
se: Coll

s, capto
ath, dia
esults from the CSG trial.168 In that study, the
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Guidelines for Diabetes and CKDS80
eneficial effect of ACE inhibitors was greater in
atients with decreased GFR at baseline, possi-
ly because the end point, a doubling of baseline
erum creatinine level, is achieved more quickly
n patients with reduced GFR. The effects of
CE inhibitors may be caused in part by the

ntihypertensive effect and in part by additional
echanisms because kidney benefits appeared to

e greater than expected for blood-pressure low-
ring.

ARBs are more effective than other
ntihypertensive classes in slowing
rogression of kidney disease
haracterized by macroalbuminuria in
ypertensive patients with type 2 diabetes.
Strong)

A number of high-quality randomized con-
rolled trials demonstrate that ARBs are more
ffective than other antihypertensive drug
lasses in slowing the decline in GFR and
nset of kidney failure in patients with type 2

Figure 14. Results from the IDNT.
aplan-Meier curves of the percentage of patients with (A)

B) a doubling of the serum creatinine concentration, (C
ermission.169
iabetes and macroalbuminuria. Figure 14 and s
igure 15 show the results from IDNT and the
ENAAL, 2 large studies of patients with
acroalbuminuria and decreased GFR at the

ime of enrollment.167,169 In these studies, the
ffects of ARBs may be caused in part by the
ntihypertensive effect and in part by addi-
ional mechanisms because kidney benefits ap-
eared to be greater than expected for blood-
ressure lowering.

ACE inhibitors may be more effective
han other antihypertensive classes in
lowing the progression of kidney disease
haracterized by macroalbuminuria in
ypertensive patients with type 2 diabetes.
Weak)

Data on the efficacy of ACE inhibitors in
idney disease caused by type 2 diabetes are
ncertain. Some studies show greater reduction
n albuminuria and slower decrease in GFR com-
ared with other hypertensive agents (Table
0).405-408 However, small sample size, use of

imary composite end point and its individual components,
stage 5, and (D) death from any cause. Reprinted with
the pr
) CKD
urrogate outcomes, and inconsistent results pre-



c
s
e
e
f
w
c
o
w
m
a
c

o
c
d

t
s
t
d
o
t
p

K
(
d

Management of Hypertension in Diabetes and Chronic Kidney Disease S81
lude clear conclusions. A recent analysis of the
ubgroup of patients with type 2 diabetes and
stimated GFR less than 60 mL/min/1.73 m2

nrolled in ALLHAT showed no beneficial ef-
ects of an ACE inhibitor (lisinopril) compared
ith a diuretic (chlorthalidone) or a calcium

hannel blocker (amlodipine) on decrease in GFR
r onset of kidney failure during a 4-year interval
hen each agent was used separately.172 Of note,
easures of albuminuria or proteinuria were not

vailable in that study. Therefore, the Work Group

Figure 15. Reduction of end points in type 2 diabetes w
aplan-Meier curves of the percentage of patients with (A)

B) a doubling of the serum creatinine concentration, (C) C
eath. Reprinted with permission.167
oncluded that the ALLHAT results do not rule u
ut a beneficial effect of ACE inhibitors on DKD
haracterized by macroalbuminuria in type 2
iabetes.
Based on the shared properties of ACE inhibi-

ors and ARBs in inhibiting the RAS and a recent
mall study,400 ACE inhibitors may be as effec-
ive as ARBs in slowing progression of kidney
isease caused by type 2 diabetes. In the opinion
f the Work Group, either ARBs or ACE inhibi-
ors can be used to treat DKD in hypertensive
eople with type 2 diabetes and macroalbumin-

rtan in RENAAL.
imary composite end point and its individual components,
ge 5, and (D) the combined end point of CKD stage 5 or
ith losa
the pr
KD sta
ria.
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Guidelines for Diabetes and CKDS82
ARBs may be more effective than other
ntihypertensive agents in slowing
rogression of kidney disease
haracterized by macroalbuminuria in
ypertensive patients with type 1 diabetes.
Weak)

There are insufficient data on the efficacy of
RBs in kidney disease caused by type 1 diabe-

es. The Work Group found no long-term clinical
rials on the use of ARBs in patients with DKD
aused by type 1 diabetes. However, based on
he shared properties of both drug classes in
nhibiting the RAS, ARBs may be as effective as
CE inhibitors in slowing progression of kidney
isease caused by type 1 diabetes. In the opinion
f the Work Group, ARBs can be used as an
lternative class of agents to treat DKD in hyper-
ensive people with type 1 diabetes and mac-
oalbuminuria if ACE inhibitors cannot be used.

Diuretics may potentiate the beneficial
ffects of ACE inhibitors and ARBs in
ypertensive patients with DKD.
Moderate)

Between 60% and 90% of patients in studies
f hypertension treatment in DKD used either
hiazide-type or loop diuretics in addition to
CE inhibitors or ARBs.167-169,409 Conversely,
iuretic use in the ACE-inhibitor group of
LLHAT was restricted by protocol; only 18%
f this group received a thiazide diuretic.172

ther studies have shown that the combination
f thiazide diuretics with agents that block
he RAS is more effective than either type
f treatment alone for lowering blood pres-
ure.410-412 Because most hypertensive pa-
ients with DKD require more than 1 antihyper-

†Change after adjustment for sample size and study length.

C
h

an
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e 
 (

%
)

P=0.01
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N=510

Systolic Blood Pr
N=1,338

NS

†

2%

-30%

-13%

-18.5
ensive agent to reach the target blood pressure
U
p

f less than 130/80 mm Hg, it is the opinion of
he Work Group that most of these patients
hould be treated with a diuretic in combina-
ion with an ACE inhibitor or an ARB to reach
he target blood pressure.

HP-CCB

DHP-CCB

Figure 16. Systematic review of studies of
DKD and non-DKD.
The graph shows the change in blood pres-
sure and proteinuria from baseline in trials that
prospectively randomized various calcium an-
tagonists and looked at either doubling of cre-
atinine, CKD stage 5 and death, or rate of
decrease in GFR. All studies used in this anal-
ysis also had a minimum of 1 year follow-up.
Change in albuminuria was assessed in the
context of outcomes of kidney disease. Abbre-
viations: DHP-CCB, dihydropyridine calcium
channel blocker group; NDHP-CCB, nondihy-
dropyridine calcium channel blocker group. Re-
printed with permission.413

Figure 17. Meta-analysis of studies of DKD and non-
KD.
ffects of blood pressure-lowering agents in DKD and
on-DKD. Shown are the weighted mean results with 95%
Is for proteinuria (bars) and blood pressure (bold print)

hat were obtained in studies that compared the effects of
n ACE inhibitor(ACEi) with that of another blood pressure–

owering agent. (Left) Results obtained with ACE inhibitors
re shown subdivided to the type of kidney disease (nondia-
etic [nonDM] and diabetic nephropathy [DM]). (Right)
esults obtained with the comparator drugs. Abbreviation:
D

N

essure

%

prot, urinary protein; MAP, mean arterial pressure. Re-
rinted with permission.414
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ACE inhibitors, ARBs, and
ondihydropyridine calcium channel
lockers have a greater antiproteinuric
ffect than other antihypertensive classes
n hypertensive patients with DKD. (Strong)

Two meta-analyses have demonstrated a
reater effect of ACE inhibitors compared with
ther classes of antihypertensive agents on reduc-
ng proteinuria in DKD (Fig 16 and Fig 17).413,414

ther studies show a larger effect of ARBs than
ther classes.415-417 Some studies also suggest
hat �-blockers may be effective, but this has not
een observed consistently.418 A systematic re-
iew demonstrates that nondihydropyridine cal-
ium channel blockers have substantially greater
ntiproteinuric effects than dihydropyridine cal-
ium channel blockers, an effect that translated
nto greater slowing of kidney disease progres-
ion and reduced cardiovascular event rates in
hose with proteinuria greater than 300 mg/d.413

n contrast to the benefits of nondihydropyridine
alcium channel blockers for reducing protein-
ria, the Bergamo Nephrologic Diabetes Compli-
ations Trial (BENEDICT) recently reported that
ondihydropyridine calcium channel blockers
sed alone did not decrease the incidence rate of
icroalbuminuria relative to placebo in hyperten-

ive patients with type 2 diabetes with normal
rinary albumin excretion at baseline. Addition-
lly, they did not enhance the effect of ACE
nhibitors to prevent microalbuminuria when used
n combination.419

The combination of an ACE inhibitor and an
RB can reduce proteinuria more than either

gent alone.420-422 Whether the benefit of combi-
ation therapy is additive or synergistic (greater
han the sum of all agents) is difficult to deter-
ine because of uncertainties about the maxi-
um antiproteinuric effect of single agents. More-

ver, because such combination therapy further
owers blood pressure, whether this is a general
lood pressure effect or a specific response to
ore complete RAS inhibition is unclear. De-

pite these uncertainties, in the opinion of the
ork Group, it is reasonable to use a combina-

ion of an ACE inhibitor and an ARB in hyperten-
ive patients with DKD. Combination therapy
hould be considered for those with controlled
lood pressure, but who have persistent high-
evel macroalbuminuria or ACR greater than 500

g/g. b
Dihydropyridine calcium channel
lockers, when used to treat hypertension
n the absence of ACE inhibitors or ARBs,
re less effective than other agents in
lowing progression of DKD. (Strong)
Numerous studies have shown that dihydropyr-

dine calcium channel blockers are less effica-
ious than ACE inhibitors, ARBs, and nondihy-
ropyridine calcium channel blockers in reducing
lbuminuria in DKD.170 IDNT showed that the
ihydropyridine amlodipine was less effective in
lowing kidney disease progression than the ARB
rbesartan.169 IDNT also compared amlodipine
ith a placebo group treated with other agents,
rimarily diuretics and �-blockers.169 GFR de-
line and onset of kidney failure were similar in
hese 2 groups. Conversely, ALLHAT showed no
etrimental effect of amlodipine compared with
isinopril or chlorthalidone on GFR decline or
nset of kidney failure in type 2 diabetes when
ach agent was given separately.172 However,
he lack of albuminuria/proteinuria data in
LLHAT and the relatively limited sample size
f the diabetic CKD subgroup (defined by eGFR

60 mL/min/1.73 m2) preclude firm conclu-
ions. Based on numerous studies of proteinuric
idney disease, including DKD and non-DKD,5

t was the opinion of the Work Group that dihy-
ropyridine calcium channel blockers should not
e used in DKD in the absence of concurrent
AS inhibition. However, dihydropyridine cal-
ium channel blockers probably can be used
afely in patients taking an ACE inhibitor or an
RB.173

A systolic blood pressure goal even lower
han 130 mm Hg may be more effective in
lowing the progression of DKD. (Weak)
A meta-analysis of 8 trials in DKD and 4 trials

n non-DKD suggests that a lower blood pressure
oal may slow progression of kidney disease
Fig 18).423 This analysis is limited by the inabil-
ty to control other factors related to rate of
rogression. Some studies have addressed a lower
lood pressure goal independent of antihyperten-
ive drug class (Table 31). These studies suggest
hat lower blood pressure levels are associated
ith lower levels of proteinuria. One study dem-
nstrated a greater reduction in proteinuria in
amipril-treated patients who achieved a lower

lood pressure goal (mean arterial blood pres-
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Guidelines for Diabetes and CKDS84
ure [MAP] � 92 mm Hg, equivalent to blood
ressure � 125/75 mm Hg) compared with a
sual blood pressure goal (MAP � 107 mm Hg,
quivalent to blood pressure � 140/90 mm
g).171 The Appropriate Blood Pressure Control

n Diabetes (ABCD) trial showed a trend toward
reater slowing of GFR decrease at the lower
chieved systolic blood pressure of 128 mm
g.409,424 Studies in non-DKD suggest a lower
lood pressure goal is more effective in slowing
idney disease progression in patients with pro-
einuria.5 Because DKD typically is accompa-
ied by proteinuria, it was the opinion of the
ork Group that a lower blood pressure goal
ay be beneficial for DKD, as well. There is

nsufficient evidence to define this lower blood
ressure goal or the threshold level of proteinuria
bove which the lower blood pressure goal is
ndicated. As in non-DKD,5 it was the opinion of
he Work Group that a systolic blood pressure
oal even lower than 130 mm Hg should be
onsidered for patients with persistent high-level
acroalbuminuria (ACR � 500 mg/g). Lower-

ng of systolic blood pressure levels to less than
10 mm Hg should be avoided.5

Multiple antihypertensive agents are
sually required to reach target blood
ressure (Strong).
Table 32 shows the target and achieved sys-

SBP (mm Hg)

130 134 138 142 146 150

r
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-Parving HH et al. Br Med J, 1989 -Estacio R et a
-Viberti GC et al. JAMA, 1993 -Lewis EJ et al
-Lewis EJ et al. N Engl J Med, 1993 -Bakris, GL et 
-Lebovitz H et al. Kidney Int, 1994
-Bakris GL et al. Kidney Int, 1996
-Bakris GL Hypertension, 1997
olic blood pressure and the number of antihyper- a
ensive agents used in randomized trials of anti-
ypertensive agents to slow the progression of
KD.167-169,424 Multiple agents usually were

equired.

COMPARISONS WITH OTHER GUIDELINES

This guideline generally is consistent with
ther recent guidelines, including the NKF-
DOQI™ CPGs on Hypertension and Antihyper-

ensive Agents in CKD,5 the ADA Standards of
edical Care in Diabetes,34 and JNC 7.154 All

hese guidelines support the use of diuretics with
ither ACE inhibitors or ARBs as initial therapy
o achieve the systolic blood pressure goal of less
han 130 mm Hg in patients with diabetes. More-
ver, the JNC 7 defines hypertension in individu-
ls with diabetes or CKD as blood pressure
reater than 130/80 mm Hg. The guidelines of
he European Society of Hypertension also rec-
mmend use of an ACE inhibitor or an ARB for
hose with diabetes and CKD.425

LIMITATIONS

No claims of superiority between ACE inhibi-
ors and ARBs can be made in type 1 diabetes
ecause no randomized trials have compared
hese agents head-to-head in slowing the progres-
ion of kidney disease in this type of diabetes.
owever, a head-to-head comparison in type 2
iabetes suggested clinical equivalency of these

170 180

; P < 0.05

Untreated
HTN

etes Care, 2000
l J Med, 2001
 Intern Med, 2003

Figure 18. Blood pressure level
and rate of GFR decline in controlled
trials of DKD.
Diamonds represent the mean
achieved systolic blood pressure
(SBP) and mean rate of calculated or
directly measured GFR decline in the
studies of DKD. Results not adjusted
for other factors associated with rate
of decline in GFR. The dotted line
represents a flattening of possible
benefit of blood pressure lowering at
blood pressure levels less than 140
mm Hg. Abbreviation: HTN, hyperten-
sion.
154

 = 0.39

l. Diab
. N Eng
al. Arch
gents.400



Table 31. Effect of Different Blood Pressure Targets on CKD in Type 1 and Type 2 Diabetes

Baseline a
Comparators Target BP and Mean BP  

at End of Study (mm Hg) Clinical Outcomes 

Author, Year N 

A
pp

lic
ab

ili
ty

 

Mean GFR Proteinuria (mg/24 h) 
Mean BP 
(mm Hg) 

Comparator 1 Comparator 2 

K
id

ne
y 

D
is

ea
se

 
Pr

og
re

ss
io

n 

Pr
ot

ei
nu

ria

C
VD

 a
nd

 
M

or
ta

lit
y 

LV
H

M
et

ho
do

lo
gi

ca
l  

Q
ua

lit
y

Type 1 Diabetes 

Lewis, 1999 171 129  62 1 
95

(MAP)
MAP <92 

nd
MAP 100-107 

nd
 NS   

Type 2 Diabetes 

UKPDS 38, 1998 432 1148  SCr <2 
3% M 

14% m b
159/94 <150/85 <180/105 NS + c NS

Schrier, 2002 424 480  82 30-300 135/84 
DBP <75 
128/75 

DBP 80-89 
137/81 NS  

Estacio, 2000 409 470  83 30-300 156/98 
DBP <75
132/78 

DBP 80-89 
138/86 

NS    

Abbreviation: NS,= No significant difference between the 2 interventions. 
+ = Comparator 1 showed significant benefit compared to comparator 2. 
a Baseline data from comparator 1 group are reported. 
b 3.5% with baseline urine albumin ≥300 mg/L, 12% with baseline urine albumin ≥ 50 and <300 mg/L. 
c Progression to urine albumin ≥50 mg/L statistically significant at 6 years, progression to urine albumin ≥300 mg/L was not. 

M
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Combinations of ACE inhibitors with ARBs
re effective in slowing progression of non-
KD, an observation related to further reduc-

ion in proteinuria rather than blood-pressure
owering.426,427 No trials with clinical out-
omes have evaluated such a combination for
reatment of DKD. Other combinations, such
s aldosterone blockade with ACE inhibition,
ay reduce albuminuria independent of blood

ressure changes in DKD. All studies to date
hat have evaluated combinations of RAS in-
ibitors have been performed in hypertensive
atients with diabetes with advanced CKD and
acroalbuminuria. Whether such combina-

ions would be useful or tolerated in early-
tage DKD, including normotensive patients,
s unknown.

A recent meta-analysis concluded that RAS
nhibition with either ACE inhibitors or ARBs is
o more effective at preventing GFR loss or such
linical outcomes as doubling of serum creati-
ine level or CKD stage 5 than other antihyper-
ensive agents in hypertensive patients with dia-
etes.428 However, studies selected for the active
omparator portion of the meta-analysis in-
luded heterogeneous groups that did not consis-
ently have hypertension (present in 86%) or
acroalbuminuria (mean albumin, 520 mg/g;

ange, 7 to 3,000 mg/g). The Work Group con-
urs that blood pressure control is a predominant
echanism for kidney protection, but that the
eta-analysis does not negate evidence for ben-

fits of RAS inhibition in patients with diabetes,
ypertension, and macroalbuminuria. The Work
roup acknowledges the issues raised by this
eta-analysis and supports further study, particu-

arly with active comparisons of RAS inhibition
ith other interventions for blood pressure con-

Table 32. Summary of Number of Antihypertens

Study, Year 
Target Blood Pressure  

(mm Hg) 
IDNT, 2001 169 Systolic <135 
RENAAL, 2001 167 Systolic <140 
ABCD, 2000 409 Diastolic <75 or 80-89* 
CSG Captopril Trial, 
1993 168 Systolic <140, Diastolic <90 

* Denotes intensive blood pressure control group and moderate blood
 Denotes captopril and placebo groups, respectively; number of agen

participants. 
rol. p
IMPLEMENTATION ISSUES

Multiple interventions are needed to slow the
rogression of kidney disease and reduce the risk of
VD in DKD. Generally, the approach requires 3
r more antihypertensive agents, intensive insulin
herapy in type 1 diabetes, 2 or more drugs for
lucose control in type 2 diabetes, at least 1 lipid-
owering agent, and emphasis on lifestyle modifica-
ion, including diet, exercise, and smoking cessa-
ion. One obstacle to achieving adherence is the
umber of medicines and the complexity of these
egimens. Therefore, the selection of antihyperten-
ive agents must include considerations of cost,
ide effects, and convenience.

Selection of antihypertensive agents also
hould include consideration of their effects on
iabetes management. The GEMINI trial demon-
trated that, in the presence of an ACE inhibitor
r ARB, carvedilol stabilized glycemic control
nd improved insulin resistance to a greater
xtent than metoprolol in patients with type 2
iabetes and hypertension.108 Moreover, new-
nset microalbuminuria was 48% lower when
arvedilol was added to RAS inhibition com-
ared with metoprolol.
Because blood pressure control is a key objec-

ive in management of DKD, antihypertensive
gents, including ACE inhibitors and ARBs,
hould be titrated to achieve moderate to maxi-
al doses approved for the treatment of hyperten-

ion. In addition, reducing dietary sodium (�2.3
/d) is critical to optimize the effectiveness of
edication used to control blood pressure (see
uideline 5).

ssessment of Blood Pressure

The Work Group recommends that blood

ents Required to Reach Target Blood Pressure

Achieved Blood Pressure 
(mm Hg) 

Mean Number  
of Agents 

Systolic 138 2.6 
Systolic 141 2.7 

132/78 and 138/86* 2.4 
Mean arterial pressure 

96±8 and 100±8
1-3

e control group, respectively. 
d from report; there were approximately 25% normotensive
ive Ag

 pressur
ts inferre
ressure be measured at each health care en-
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ounter in people with diabetes and CKD. This
ecommendation is consistent with guidelines
rom the NKF-KDOQI™ CPGs on Hyperten-
ion and Antihypertensive Agents in CKD,5

he ADA Clinical Practice Recommendations,34

nd JNC 7.154 Blood pressure greater than
30/80 mm Hg should be confirmed on a

Table 33. Recommended Intervals for Follow-U

After
 noitidnoC lacinilC

Systolic blood pressure (mm Hg) ≥
GFR (mL/min/1.73 m2  )
Serum potassium (mEq/L) 
 If on ACE inhibitor or ARB 
 If on a diuretic 

After B

GFR (mL/min/1.73 m2  )
GFR decline (mL/min/1.73 m2/y)
Risk factors for faster CKD progression or 
acute eGFR decline, comorbidities* 

ote: Adapted from NKF-KDOQI™ CPGs on Hypertension and Antihype
Administration of nephrotoxins (eg, nonsteroidal anti-inflammatory drugs
, intravenous iodinated radiographic contrast media, cyclosporine, or ta

ntake, and clinical CVD (brain, heart, abdomen, legs). 
eparate day. Because of the frequent occur- h
ence of autonomic neuropathy in diabetes and
KD, orthostatic blood pressure should be
easured. The Work Group concurred that the

chedule for follow-up evaluation of blood
ressure, as outlined in the NKF-KDOQI™
PGs on Hypertension and Antihypertensive
gents in CKD, is appropriate for those who

uation of Blood Pressure, GFR, and Potassium

n or Changes in Antihypertensive Therapy 
 kw 21-4 

120 120-139 
≥60

≤4.5
>4.5

essure Is at Goal and Drug Doses Are Stable 
6-12 mo 

≥60
 4<
 oN

Agents in CKD.5

g cyclooxygenase-2 (COX-2) inhibitors, aminoglycosides, amphotericin 
), volume depletion, obesity, sleep apnea, smoking, excessive alcohol 
p Eval

 Initiatio
kw 4<

140 or <
 06<

>4.5
  4.5

lood Pr
 1-6 mo

 06<
≥  4

 seY

rtensive 
 includin

crolimus

≤

ave diabetes as well as CKD (Table 33).5



b
i
b
c

4

4

4

m
a
c
r
v
w
s
o
p
t
m
u
i
p

D
c
a
t
i
o
u
t
d
e
l

S

GUIDELINE 4: MANAGEMENT OF DYSLIPIDEMIA IN DIABETES

AND CHRONIC KIDNEY DISEASE
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Dyslipidemia is common in people with dia-
etes and CKD. The risk of CVD is greatly

ncreased in this population. People with dia-
etes and CKD should be treated according to
urrent guidelines for high-risk groups.

.1 Target LDL-C in people with diabetes
and CKD stages 1-4 should be < 100
mg/dL; <70 mg/dL is a therapeutic op-
tion. (B)

.2 People with diabetes, CKD stages 1-4, and
LDL-C > 100 mg/dL should be treated
with a statin. (B)

.3 Treatment with a statin should not be
initiated in patients with type 2 diabetes
on maintenance hemodialysis who do not
have a specific cardiovascular indication
for treatment. (A)

BACKGROUND

Diabetes is associated with a high risk of
orbidity and premature mortality.433,434 Most

dverse diabetes outcomes are due to macrovas-
ular or microvascular complications.134 Mac-
ovascular complications are common and se-
ere; up to 80% of patients with type 2 diabetes
ill develop or die of CVD. Based on this

everity of risk, prevention and management
f CVD must be considered in the care of
atients with diabetes and CKD. Therefore,
hese patients are strong candidates for treat-
ent of dyslipidemia. Modifying CVD risk by

sing lipid-lowering agents is of tremendous
mportance and is a cost-effective strategy in
eople with type 2 diabetes.435,436

The NKF-KDOQI™ CPGs for Managing
yslipidemia in CKD were established re-

ently and CPGs for CVD in Dialysis Patients
dded new information on the inverse associa-
ion between cholesterol level and mortal-
ty.6,10 The purpose of this guideline is to focus
n patients with diabetes and CKD and to
pdate the previous guidelines. Results from
he first prospective randomized trial in hemo-
ialysis patients with diabetes and indirect
vidence from a recent post hoc analysis of 3

arge multicenter trials on the beneficial effects p

American Journal of Kidney Dise88
f lipid-lowering therapy in diabetes and CKD
ere added to this guideline.

RATIONALE

For this guideline, we included studies of
atients with type 1 or type 2 diabetes and
KD stages 1 to 5. Because of the high preva-

ence of diabetes in the population, many indi-
iduals with other types of CKD also may have
iabetes. In general, the guidelines for use of
ipid-lowering agents in CKD stages 1 to 4 due
o diabetes and other causes agree with each
ther,174-177 although there is no direct or
ndirect evidence for treating patients with
KD stage 4. Because CKD per se markedly

ncreases the risk of CVD, CKD may be consid-
red a risk equivalent for CVD when assessing
he need for lipid lowering.

Most patients with diabetes and CKD
ave dyslipidemia. (Strong)
Patients with diabetes and CKD typically have

ow levels of high-density lipoprotein choles-
erol (HDL-C), high triglyceride levels, and aver-
ge levels of LDL-C; LDL particles in people
ith diabetes tend to be smaller, denser, and
ossibly more atherogenic.437-440

Elevated LDL-C can effectively be treated
ith statins in diabetes and CKD. (Strong)
In general, cholesterol lowering with statin

herapy is efficacious in patients with diabetes,
ncluding those without manifest coronary heart
isease and those with relatively low LDL-C
evels.97,98

Most patients with diabetes and CKD are
t very high risk to develop macrovascular
omplications. (Strong)
The Adult Treatment Panel III (ATP III) guide-

ines of the National Cholesterol Education Pro-
ram (NCEP)175 identified diabetes as a high-
isk condition. This designation was based on
vidence that most patients with diabetes have a
reatly increased 10-year risk (�20%) of devel-
ping CVD. The onset of CVD in patients with
iabetes carries a poor prognosis, both at the
ime of an acute CVD event and in the postevent

eriod. In the Heart Protection Study (HPS),

ases, Vol 49, No 2, Suppl 2 (February), 2007: pp S88-S94
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Management of Dyslipidemia in Diabetes and Chronic Kidney Disease S89
atients who had both diabetes and CVD were at
ery high risk of future CVD events.97 When
ype 2 diabetes is complicated by CKD, the
ardiovascular risk increases dramatically; in par-
icular, in patients with microalbuminuria or mac-
oalbuminuria, it is approximately 2 to 4 times as
igh as in normoalbuminuric patients.40 The pres-
nce of CKD can be considered an additional
ardiovascular risk factor per se.

LDL-C–lowering therapy decreases the
isk of CVD in diabetes and CKD stages 1 to
. (Moderate)
Primary and secondary prevention trials, in-

luding those in people with diabetes, have docu-
ented substantial cardiovascular benefit from

dministration of statins.441,442 The recent pri-
ary prevention Collaborative Atorvastatin Dia-

etes Study (CARDS) reported an impressive
ecrease in cardiovascular deaths in people with
ype 2 diabetes in the absence of markedly de-
reased kidney function.98 In terms of absolute
isk reduction, patients in the HPS with diabetes
nd CVD received the greatest benefit from
tatin therapy.97

A post hoc analysis of data from the PPP (a
ubject-level database combining results from 3
andomized trials of pravastatin, 40 mg daily,
ersus placebo) included 19,737 subjects, of
hom 4,099 (20.8%) had CKD, but not diabetes,

t baseline; 873 (4.4%) had diabetes, but not
KD; and 571 (2.9%) had both conditions.99

KD was defined as eGFR less than 60 mL/min/
.73 m2 or GFR of 60 to 89.9 mL/min/1.73 m2

ith trace or more proteinuria. The primary
omposite outcome was time to myocardial in-

Figure 19. Effect of pravastatin on
he absolute risk reduction (ARR) of fa-
al coronary disease, nonfatal myocar-
ial infarction, or coronary revasculariza-
ion by CKD and diabetes (DM) status.
eprinted with permission.99
arction, coronary death, or percutaneous/surgi- g
al coronary revascularization. The incidence of
he primary outcome was lowest in individuals
ith neither CKD nor diabetes (15.2%), interme-
iate in subjects with only CKD (18.6%) or only
iabetes (21.3%), and highest in subjects with
oth characteristics (27.0%). Pravastatin signifi-
antly reduced the risk of the primary outcome
y 25% in subjects with CKD and concomitant
iabetes and by 24% in subjects with neither
haracteristic. The absolute reduction in risk of
he primary outcome due to pravastatin use was
ighest in subjects with both CKD and diabetes
6.4%) and lowest in subjects with neither
haracteristic (3.5%; Fig 19). This study pro-
ides indirect evidence that pravastatin treat-
ent effectively decreases the risk of CVD in

iabetes with CKD stages 1 to 3. The study
oes not provide evidence for a protective
ffect of pravastatin in more advanced stages
f CKD because patients with more severe
mpairment of kidney function were excluded
rom the trials. More advanced stages of CKD
lso were excluded from the West of Scotland
oronary Prevention Study (WOSCOP),443 a
rimary prevention trial, and from the Choles-
erol and Recurrent Events (CARE) Study444

nd the Long-term Intervention with Pravasta-
in in Ischemic Disease (LIPID) Study,445 2
econdary intervention studies.

In the opinion of the Work Group, people with
iabetes and CKD (other than stage 5) should
eceive LDL-C–lowering therapy. The high risk
ssociated with diabetes and CKD supports initia-
ion of statin therapy when LDL-C is greater than
00 mg/dL, with an option to achieve an LDL-C

oal of less than 70 mg/dL.
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Guidelines for Diabetes and CKDS90
Atorvastatin treatment in patients with
ype 2 diabetes on maintenance
emodialysis treatment does not improve
ardiovascular outcomes. (Strong)
The 4D, a multicenter, randomized, double-

lind, and prospective study, randomly assigned
,255 patients with type 2 diabetes on mainte-
ance hemodialysis to receive 20 mg of atorvasta-
in per day or matching placebo.446 After 4
eeks of treatment, atorvastatin reduced the me-
ian LDL-C level by 42%, and placebo, by 1.3%.
t least 1-mmol/L difference in LDL-C level
as maintained throughout the treatment period

Fig 20). During a median follow-up of 4 years,
69 patients (37%) reached the primary end
oint (a composite of cardiac death, nonfatal
yocardial infarction, and fatal and nonfatal

troke): 226 assigned to atorvastatin and 243
ssigned to placebo (RR, 0.92; 95% CI, 0.77 to
.10; P � 0.37; Figure 20). Atorvastatin had no
ffect on the single components of the primary
nd point with the exception of fatal stroke, in
hich RR was 2.03 (95% CI, 1.05 to 3.93; P �
.04). Secondary end points, such as all com-
ined cardiac events (RR, 0.82; 95% CI, 0.68 to
.99; P � 0.03), were reduced, but not all com-
ined cerebrovascular events (RR, 1.12; 95% CI,
.81 to 1.55; P � 0.49) or total mortality (RR,

.93; 95% CI, 0.79 to 1.08; P � 0.33).100 M
Despite the high rate of cardiovascular events
nd the pronounced LDL-C lowering by atorva-
tatin, a significant reduction in the incidence of
he composite primary end point was not achieved
patients with an LDL-C � 190 mg/dL were not
ncluded in 4D). In contrast to 4D, CARDS
eported that people with type 2 diabetes who
eceived atorvastatin had an RR for stroke of
.52 (95% CI, 0.31 to 0.89) compared with
lacebo.98 The rate of fatal and nonfatal stroke
ecreased from 2.8% to 1.5% (39 versus 21
atients), whereas in the 4D, it increased from
.0% to 9.7% (44 versus 59 patients). This unex-
lained finding of an increase in fatal stroke
equires further study. The 4D is the first large-
cale cardiovascular outcome trial that does not
how overall benefit from administration of a
otent dose of a statin and does not confirm the
enerally accepted assumption that for every
0-mg/dL change in LDL-C level, the RR of
oronary heart disease is changed in proportion
y about 30%. The result is in accordance with
bservational data in patients on hemodialysis
herapy that do not link dyslipidemia with re-
uced survival; opposite trends have been
oted.447 4D results are in contrast to an observa-
ional retrospective analysis of hemodialysis pa-
ients in the US Renal Data System (USRDS)

Figure 20. Median change in LDL-C concen-
trations from baseline until the end of the 4D.
To convert values for LDL-C to mmol/L, multiply
by 0.02586. Reprinted with permission.100
orbidity and Mortality Study, Wave 2,448 which
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Management of Dyslipidemia in Diabetes and Chronic Kidney Disease S91
ndicated that the risk of cardiovascular death
ecreases by 36% in statin users compared with
onusers. This finding illustrates the difficulty
ssociated with basing treatment decisions on
ncontrolled observational studies.448,449 Per-
aps the pathogenesis of cardiovascular events in
atients with diabetes on hemodialysis therapy
ay be different, at least in part, from that in

atients without CKD stage 5. Additional infor-
ation on the inverse association between choles-

erol concentration and mortality is presented in
he NKF-KDOQI™ CPGs for CVD in Dialysis
atients.10

Dyslipidemia may increase albuminuria
nd accelerate progression of DKD.
hether treatment with statins slows

rogression of DKD is uncertain. (Weak)
A number of observational studies have re-

orted that dyslipidemia is associated with de-
reased kidney function in the general popula-
ion and in patients with CKD, with or without
iabetes, as extensively reviewed in the NKF-
DOQI™ CPGs for Managing Dyslipidemia in
KD.6 An analysis of the lipid profile of the
CCT/EDIC cohort of patients with type 1 dia-
etes demonstrated a specific profile in DKD that
s characterized by high triglyceride levels, pre-
ominantly in the very-low-density-lipoprotein
VLDL) subclasses. In men, high intermediate-
ensity lipoprotein (IDL), high LDL particle
oncentration, and a shift from larger toward
maller LDL-C, apolipoprotein B, and small (non-
ardioprotective) HDL-C particles were associ-
ted with CKD.439 In the RENAAL Study, the
R of reaching the primary composite end point

doubling of serum creatinine level, CKD stage
, or death) among patients in the upper quartile
f the distribution for total cholesterol and LDL-C
as significantly higher than for those in the

ower quartile.450

Small short-term randomized studies report
ixed results of the effect of statins on progres-

ion of DKD (Table 34). In patients with type 1
iabetes and microalbuminuria, simvastatin had
o beneficial effect on either albuminuria or
FR.451 However, some randomized trials in

ype 2 diabetes reported beneficial effects of
tatins on albuminuria and GFR relative to pre-

reatment levels,452-454 but not relative to pla- c
ebo or an alternative class of treatment for
yslipidemia.455-457

Whether dyslipidemia causes reduced kidney
unction, results from reduced kidney function,
r whether other conditions, such as proteinuria,
ause both reduced kidney function and dyslipi-
emia cannot be determined from the available
ata. Large, double-blind, randomized, placebo-
ontrolled, clinical trials that examine the effect
f dyslipidemia treatment on progression of DKD
ave not been done. This is the only approach
hat can adequately test the hypothesis that treat-
ent of dyslipidemia provides benefit for kidney

utcomes. At present, primary and secondary
revention of CVD is the principal reason to
valuate and treat dyslipidemia in patients with
iabetes and CKD.

For patients with type 2 diabetes who are
aking statins, routine monitoring of liver
unction tests or muscle enzymes is not
ecommended except in specific
ircumstances. (Strong)
The current literature suggests that statins

re safe. Although discontinuation and nonad-
erence rates are approximately 15% or more
n many clinical trials, rates of discontinuation
ypically do not differ from those of placebo.
ates of elevated liver or muscle enzyme lev-
ls did not differ between the statin and pla-
ebo groups in the 4D or in recent large-scale
tudies in people with and without diabetes
rom the general population. Ongoing large-
cale trials in diabetic and nondiabetic CKD
nd dialysis patients (A study to evaluate the
se of Rosuvastatin in subjects on regular
emodialysis: an assessment of survival and
ardiovascular events [AURORA]; and Study
f Heart and Renal Protection [SHARP]) have
lready accumulated substantial patient treat-
ent years and have not reported serious ad-

erse events related to liver or muscle func-
ion. On the basis of the safety data pertaining
o these drugs, routine monitoring of muscle
nzymes and liver function tests probably is
ot warranted unless patients have symp-
oms,458,459 have baseline abnormalities of liver
unction test results or myopathy, or are taking
ther drugs that interact with statins to in-

rease the risk of adverse events.



Table 34. Effect of Lipid-Lowering Treatments on Kidney Function and Albuminuria in Type 1 and Type 2 Diabetes

Author, Year 
Mean Study 

Duration
N Mean GFR Albuminuria 

Applic-
ability 

Treatment (qd)a Comparator Outcome 
Baseline 
Valueb

Net
Effect

P Quality

Type 1 Diabetes             
∆ GFR 72 (64) -3 NS 

Hommel, 1992 450 3 mo 21 68 MacroAlb 100%  Simvastatin 12.5 mg Placebo 
∆ Albuminuria (mg/d) 698 (755) -22 NS 

Zhang, 1995 461 3 mo 20 nd MicroAlb 100%  Pravastatin 20 mg Placebo UAE (µg/min) 65 (65) -5 NS 

Type 2 Diabetes             

Nagai, 2000 453 4 y 71 SCr 0.9 ACR 105  Pravastatin 10 mg Bezafibrate 400 mg ∆ ACR (mg/g) 102 (108) +3.3 NS 

Nakamura, 2001 451 6 mo 60 SCr 0.85 MicroAlb 100%  Cerivastatin 0.15 mg Placebo UAE (µg/min) 98 (94) -64 ndc

∆ GFR 83 (84) +9 NSd
Lam, 1995 452 2 y 34 84 MacroAlb 100%  Lovastatin 20-60 mg Placebo 

24 h urine protein (g) 0.8 (1.1) -0.4 NS 

Tonolo, 2000 454 10 mo 26 68 MicroAlb 100%  Simvastatin 20 mg Cholestyramine 18 g ∆ AER (mg/d) 154 (154) -38 ndc

∆ GFR 97 (97) -4 NS 
Nielsen, 1993 456 4 mo 18 97 MicroAlb 100%  

Simvastatin  
10-20 mg 

Placebo
UAE (µg/min) 18 (33) -0.4e NS

Smulders, 1997 457 1 y 15 SCr 0.9 MicroAlb 100%  Gemfibrozil 1,200 mg Placebo ∆ ACR (%) 8.9 (14.2) -29% NS 

a Maximum dose. 
b Baseline value of outcomes in the treatment (comparator) arm. 
c P value significant in the treatment arm for before vs after treatment. 
d In placebo arm, there was a significant decrease in GFR over 24  months compared to baseline (-10 mL/min, P < 0.025). 
e Net difference of geometric means at baseline and 18 weeks. 
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Management of Dyslipidemia in Diabetes and Chronic Kidney Disease S93
COMPARISON WITH OTHER GUIDELINES

he 2004 NCEP Report on ATP III
uidelines
A recent NCEP report discussed the implica-

ions of the ATP III guidelines.175 Results from
he HPS and the Pravastatin or Atorvastatin in
valuation and Infection Therapy (PROVE IT)
tudy suggested that additional benefit may be

Table 35. Dosing Adjustments of M

 gurD ssalC
Recommen

Dosing 
Bile acid sequestrants Cholestyamine 2-4 packets o

daily (divided i
cno ni d/g 03-5 lopitseloC 

dos
nekat stelbat 3 maleveseloC 

with meals or 6
daily with

Statins Atorvastatin 10-80 m
m 08-02 nitatsavulF 

aeler etaidemmI nitatsavoL 
daily in a sin

divided 
Extended relea

daily in a si
m 04-01 nitatsavarP 

gm 04-5 nitatsavusoR 

gm 08-5 nitatsavmiS 

Fibric acid derivatives Gemfibrozil 1,200 mg daily
doses befo

m 061-45 etarbifoneF 

aeler dednetxE nicaiN rehtO
mg d

Immediate releas
times 

 gm 01 ebimitezE 
Abbreviations: CCr, creatinine clearance; SCr, serum creatinine

Table 36. NKF-KDOQI™ CPGs for Ma

 tnemerusaeM
m 3-2 ro yllaunnA eliforp dipil etelpmoC

Total cholesterol, HDL-C, triglycerides, LDL-C, 
non–HDL-C*

c

*Non–HDL-C = total cholesterol – HDL-C. 

†Change in albuminuria/proteinuria or GFR. 
btained by reducing LDL-C levels to less than
00 mg/dL. While awaiting the results of the
reating to New Targets (TNT) Study to prove

he efficacy of lowering LDL-C to very low
evels, the NCEP report stated that “until these
rials are completed, prudence requires that set-
ing an LDL-C goal of �70 mg/dL for high-risk
atients must be left as a therapeutic option on

es to Treat Lipid Disorders in CKD

lt 
Dose in CKD 

ops 
ses) 

No dosage adjustment needed 

 dedi No dosage adjustment needed 

 ylia
once 

No dosage adjustment needed 

No dosage adjustment needed 
 yendik etaredom ot dlim rof dedeen ton stnemtsujda esoD

disease 
Use caution in patients with severe kidney disease 

Fluvastatin not studied at doses > 40 mg in these patients 
 gm 0

 or 

0 mg 
e 

In patients with CCr < 30 mL/min, doses > 20 mg daily 
should be used cautiously 

 dedeen tnemtsujda egasod oN
 ot dlim htiw stneitap rof yrassecen noitacifidom esod oN

moderate kidney disease 
CCr < 30 mL/min/1.73 m2, not on hemodialysis, initiate 

dosing at 5 mg daily and do not exceed 10 mg daily 
ypareht etaitinI  at 5 mg daily in patients with severe 

kidney disease 
ided 
 

Decrease dose or consider alternative therapy in patients 
with SCr > 2 mg/dL 

 no stceffe eht ssessa dna yliad gm 45 ta ypareht etaitinI
kidney function and lipid concentrations 

Minimize doses in patients with CCr < 50 mL/min as rate 
of drug clearance is greatly reduced. 

 000,2

 given 2-3 

No dosing adjustments needed 

 dedeen stnemtsujda gnisod oN

Dyslipidemia in CKD Stages 1 to 46

 laoG yc
 a si Ld/gm 07< ;Ld/gm 001 < C-LDL ro tnemtaert ni egnah

atus†  noitpo cituepareht 
Statins are preferred therapy 
edicin

ded Adu
Range 
r full sco
nto 2 do

vid ro e
es 

d eciwt 
 tablets 
 meals 
g daily 

 yliad g

8-01 :es
gle dose
doses 
se: 10 -6
ngle dos

 yliad g
 yliad 

  yliad 

 in 2 div
re meals

 yliad g

-005 :es
aily 
e: 1-2 g
daily 

 yliad
. 
naging

neuqerF
c retfa o

linical st
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Guidelines for Diabetes and CKDS94
he basis of clinical trial evidence, whereas a
oal of �100 mg/dL can be retained as a strong
ecommendation.” Since that NCEP report, TNT
as been completed and showed that intensive
ipid-lowering therapy reaching a mean target
DL-C level of 77 mg/dL with 80 mg of atorva-
tatin per day in patients with stable coronary
eart disease provides significant clinical benefit
eyond that afforded by treatment with 10 mg of
torvastatin per day.460 Factors that favor a deci-
ion to reduce LDL-C levels to less than 70
g/dL are those that place patients in the cat-

gory of very high risk.175

Based on these data, it is the opinion of the
ork Group that people with type 2 diabetes and
KD stages 1 to 4 may receive additional benefit

rom intensified treatment with a statin to reduce
DL-C levels to less than 70 mg/dL. Data from

he 4D suggest that initiating lipid lowering with
statin in hemodialysis patients with type 2

iabetes may come too late to translate into
ubstantial improvement in cardiovascular out-
omes, possibly because of additional or alterna-
ive pathological mechanisms.

LIMITATIONS

These guideline recommendations should be
alidated in people with diabetes and CKD stage
. All available studies systematically excluded
eople with severe impairment of kidney func-
ion. In addition, there are no prospective random-
zed controlled trials available in diabetes and
KD stages 1 to 3. Recommendations made for
atients in the latter stages of CKD have been
ade based on post hoc analysis with limited

umbers of patients. Results from ongoing pro-
pective randomized trials, such as the SHARP,
re eagerly awaited. The guideline recommenda-
ion for the therapeutic option of an LDL-C goal
ess than 70 mg/dL was based on the very high
VD risk in people with diabetes and CKD.
owever, the clinical trial evidence for this goal

s based on studies of patients with coronary
eart disease. Studies of the target population
diabetes and CKD stages 1 to 4) are needed
o verify this recommendation. Data from

URORA are needed to prove whether a recom- G
endation to withhold statin treatment in pa-
ients with type 2 diabetes on hemodialysis is
ustified.

IMPLEMENTATION ISSUES

Dosing adjustments of statins and fibric acid
erivatives may be required in patients with
iabetes and advanced CKD (Table 35). Eziti-
ibe may be considered as an adjunct to achieve
DL-C goals, particularly if statin doses are

imited due to concern about side effects.
In the opinion of the Work Group, some cave-

ts should be considered for implementing recom-
endations made in this guideline. First, the 4D

esults may not apply to patients who are already
n drug therapy for LDL-C. Therefore, statin
reatment may continue into CKD stage 5 if
nitiated at an earlier CKD stage. Second, the 4D
esults do not preclude statin treatment for hemo-
ialysis patients with type 2 diabetes and LDL-C
190 mg/dL or specific cardiovascular indica-

ions. According to ATP-III these indications
nclude coronary heart disease and coronary heart
isease risk equivalents (eg, non-coronary athero-
clerotic disease or multiple risk factors that
onfer a 10-year Framingham risk �20%).

ssessment of Lipids

A complete lipid profile, including total choles-
erol, HDL-C, and triglycerides, should be di-
ectly measured in people with diabetes and
KD. LDL-C is calculated from these values by
sing the Friedewald formula, as recommended
y the ATP III Guidelines.175 Because dyslipide-
ia associated with diabetes and CKD may

ccur without an elevated LDL-C level due to
ncreased lipoprotein remnants, non–HDL-C (to-
al cholesterol – HDL-C) also is a useful mea-
ure.175 The NKF-KDOQI™ CPGs for Manag-
ng Dyslipidemia in CKD recommend assessment
f the lipid profile at least annually in people
ith CKD stages 1 to 4.6 Repeated measure-
ents should be made 2 to 3 months after start-

ng or adjusting lipid-lowering treatment or with
ubstantial changes in albuminuria/proteinuria or

FR (Table 36).
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GUIDELINE 5: NUTRITIONAL MANAGEMENT IN DIABETES

AND CHRONIC KIDNEY DISEASE
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Management of diabetes and CKD should
nclude nutritional intervention. Dietary modi-
cations may reduce progression of CKD.

.1 Target dietary protein intake for people
with diabetes and CKD stages 1-4 should
be the RDA of 0.8 g/kg body weight per
day. (B)

BACKGROUND

Nutritional management for people with diabe-
es has traditionally focused on blood glucose
ontrol. However, dietary protein intake at all
tages of CKD appears to have an important
mpact in this population. If dietary protein is
imited, adequate caloric intake must be main-
ained by increasing calories from carbohydrates
nd/or fats. Competing needs for nutritional man-
gement of hyperglycemia, hypertension, and
yslipidemia can make determination of appro-
riate protein intake challenging. Furthermore,
he diet for diabetes and CKD should consider
he qualitative, as well as the quantitative, as-
ects of proteins, carbohydrates, and fats. To
ddress dietary recommendations for people with
iabetes and CKD stages 1 to 4, studies evaluat-
ng interventions that reduced or altered sources
f dietary protein and other nutrients were re-
iewed (Table 37 to Table 41). Dietary recom-
endations for CKD stage 5 are provided in the
DOQI™ CPGs for Nutrition in Chronic Renal
ailure.9

RATIONALE

A dietary protein intake of 0.8 g/kg body
eight per day, the RDA for this
acronutrient, is a level that has been
chieved in studies of diabetes and CKD.
eduction in albuminuria and stabilization
f kidney function have been reported with
ietary protein intake at the RDA level.
utrition surveys indicate that most people
at in excess of the RDA for dietary protein.
Moderate)

Key studies that evaluated reduction or alter-
tion of dietary protein are summarized in
able 42. Based on 2 meta-analyses, low-
rotein diets reduced risks of loss of kidney

unction (GFR or creatinine-based measure- a

merican Journal of Kidney Diseases, Vol 49, No 2, Suppl 2 (Febr
ents) and/or increased albuminuria (mea-
ured as urinary excretion of either albumin or
otal protein), with more pronounced benefits
n DKD than in non-DKD (Fig 21).179,180

ore recently, even a modest limitation of
ietary protein (0.89 versus 1.02 g/kg body
eight per day) substantially reduced the risk
f CKD stage 5 or death (RR, 0.23; 95% CI,
.07 to 0.72;  P � 0.04) in people with type 1
iabetes and CKD stage 2 (inferred based on
evels of albuminuria and GFR; Fig 22). These
atients (85% to 89% during the course of the
tudy) also received ACE inhibitors and had
imilar control of blood pressure and other risk
actors irrespective of diet group assignment,
ndicating that reducing dietary protein pro-
ided benefits beyond established medical
herapies.181 Benefits of limiting dietary pro-
ein intake are more evident in type 1 than type
diabetes, but fewer studies have been done in

he latter population. Based on the available
vidence (Table 37 and Table 38), the Work
roup concluded that limiting dietary protein
ill slow the decrease in kidney function and
rogression of albuminuria, and it may prevent
KD stage 5.
At the other end of the spectrum, high-

rotein diets are a particular concern in pa-
ients with diabetes because they increase albu-

inuria and may accelerate loss of kidney
unction. Glomerular hyperfiltration and in-
reased intraglomerular pressure are well-
ecognized mechanisms of kidney damage in-
uced by excess dietary protein. Based on both
uman studies and experimental models, higher
rotein intake appears to have more pro-
ounced effects on kidney hemodynamics and
idney damage in diabetes.187-196,463 Emerg-
ng epidemiological evidence indicates that
igher protein intake (�20% versus 10% of
otal daily calories) is associated with loss of
idney function in women with mild kidney
nsufficiency (defined as estimated GFR � 80
nd � 55 mL/min/1.73 m2) and development
f microalbuminuria in people with diabetes
nd hypertension.197,198 Therefore, in the opin-
on of the Work Group, people with diabetes

nd CKD should avoid high-protein diets

uary), 2007: pp S95-S107 S95



Table 37. Effect of Low-Protein Diets on Mortality, Kidney Function, Albuminuria, and Risk Factors in Type 1 Diabetes

Author, Year 
Mean Study 
Duration (y) 

N Mean GFR Albuminuria 
Applic-
ability 

LPD Prescribed 
(Achieved)  

(g/kg/d)

UPD
(g/kg/d)

Outcome
Baseline 

Value
LPD (UPD) 

Net
Effect

P Quality

Mortality + CKD Stage 5             
Hansen, 2002 181 4 82 68 MacroAlb 100%  0.6 (0.9) 1.02 

Mortality + CKD 
Stage 5 

— RR 0.23  .01  

Kidney Function            

Hansen, 2002 181 4 82 68 MacroAlb 100%  0.6 (0.9) 1.02 
Slope GFR 
(mL/min/y) 

-7.6 (-6.6)a -3.8 vs 
-3.9 

NS  

Zeller, 1991 478 ~2.9 35 48 MacroAlb 100%  0.6 (nd) ≥1
Slope GFR 
(mL/min/y) 

—
-3.1 vs 
-12.1 

.02 

Dullaart, 1993 183 2 30 127 
MacroAlb/MicroAlb 

100%   0.6 (0.8) 1.09 ∆ GFR 131 (122) -8 NS 

Hansen, 1999 189 1 mo 29 93 
MacroAlb/MicroAlb 

100%  0.6 (0.9) 1.1 ∆ GFR 94 (92) -6.1 NS  

Raal, 1994 186 6 mo 22 58 P 100%   0.8 (0.9) 2.00 ∆ GFR 50 (66) +11 nd  

Brouhard, 1990 479 1 15 81 
MacroAlb/MicroAlb 

100%  0.6 (nd) 1.0 ∆ GFR 89 (72) +7 <.05 

Meloni, 2002 184 1 32 45 P 2.9 g/d  0.6 (0.7)b 1.39b ∆ GFR 46 (44)b +0.1 nd  

Albuminuria             

Hansen, 2002 181 4 82 68 MacroAlb 100%  0.6 (0.9) 1.02 
∆ Albuminuria 

(mg/d) 
690 (721) -41 NS  

Zeller, 1991 478 ~2.9 35 48 MacroAlb 100%  0.6 (0.7) 1.08 ∆ Proteinuria (mg/d) 3,144 (4266)c  -1220 nd 

Dullaart, 1993 183 2 30 127 
MacroAlb/MicroAlb 

100%   0.6 (0.8) 1.09 ∆ UAE (µg/min) 36 (31) -11 NS 

∆ Albuminuria 
(mg/d) 

397 (438) -29% <.05 
Hansen, 1999 189 1 mo 29 93 

MacroAlb/MicroAlb 
100%  0.6 (0.8) 1.1 

∆ Fractional albumin 
excretion (%) 

nd -28 NS  

∆ Fractional albumin 
clearance (x 10-3)

0.94 (0.60) -0.92  nd 
Raal, 1994 186 6 mo 22 58 P 100%   0.8 (0.9) 2.00 

∆ Urinary Protein 
(g/d)

2.15 (1.90) -1.36 ndd

Brouhard, 1990 479 1 15 81 
MacroAlb/MicroAlb 

100%  0.6 (nd) 1.0 ∆ UAE (µg/min) 521 (171) -1362 <.05 

Blood Pressure (mm Hg)            

Hansen, 2002 181 4 82 68 MacroAlb 100%  0.6 (0.9) 1.02 ∆ BP 
140/85 

(138/85) 
0/+1 NS  

Hansen, 1999 189 1 mo 29 93 
MacroAlb/MicroAlb 

100%  0.6 (0.8) 1.1 ∆ BP (MAP) 95 (100) -2 NS 

Raal, 1994 186 6 mo 22 58 P 100%   0.8 (0.9) 2.00 ∆ BP 
141/88 

(143/90) 
 +3/+7 nd  

Brouhard, 1990 479 1 15 81 
MacroAlb/MicroAlb 

100%  0.6 (nd) 1.0 ∆ BP 
127/83 

(135/83) 
+11/+3 NS 
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�20% of total daily calories). Some common
ad diets that recommend high protein are
tkins®, Protein Power, the Zone, South
each®, and Sugar Busters®.
Diets for people with diabetes have tradition-

lly been 15% to 20% protein.464 The NHANES
999 to 2000 indicated that the majority of
mericans consume 15% of total daily calories
r approximately 1.04 g/kg body weight per day
s protein, substantially more than the 0.8 g/kg
ody weight per day RDA.178 In the DASH and
ASH-Sodium diets, a higher protein intake (1.4
/kg body weight per day) is recommended.199

owever, sources of protein in the DASH diets
mphasize vegetables, low-fat or nonfat dairy
roducts, whole grains, nuts, legumes, fish, and
oultry. Red meat is eaten in only small amounts.
n recent studies of people with prehypertension
r untreated stage 1 hypertension, higher protein
ntake from either soy or predominantly veg-
table sources reduced blood pressure in short-
erm (6 to 12 weeks) feeding studies.200,201 Along
ith the DASH trials, these data suggest that
redominantly nonmeat protein may have a ben-
ficial effect on blood pressure. However, whether
he blood pressure effect is due to the protein
ontent or other dietary components, such as
otassium or isoflavones, is unknown.465 Sev-
ral small studies indicate that vegetable or
oy protein sources also may be kidney sparing
ompared with red-meat sources in diabetes
nd CKD, and in the Nurses Health Study, the
isk of losing kidney function in women with
ild kidney insufficiency was related primar-

ly to animal meat intake.182,185,197,202,466

igher dairy or vegetable protein intake did
ot increase this risk. Therefore, a DASH-type
iet that emphasizes sources of protein other
han red meat may be a reasonable alternative
o a lower total protein intake in people with
ypertension, diabetes, and CKD stages 1 to 2.
evertheless, people who achieve the RDA for
rotein, 0.8 g/kg body weight per day, and
aintain an adequate caloric intake remain
ell nourished. Regardless of the level of
rotein intake, 50% to 75% of the protein
hould be of high biological value, derived
redominantly from lean poultry, fish, and soy-
and vegetable-based proteins.A H H D H Br Li D R a b c d



Table 38. Effect of Low-Protein Diets on Kidney Function, Albuminuria, and Risk Factors in Type 2 Diabetes

Author, Year 
Mean Study 
Duration (y) 

N Mean GFR Albumin-uria 
Applic-
ability 

Prescribed 
(Achieved) LPD 

(g/kg/d)

UPD
(g/kg/d)

Outcome
Baseline 

Value
LPD (UPD) 

Net Effect P Quality

Kidney Function             
6 mo -1 NS 

Pijls, 1999 462

1
121 83 MicroAlb 32%  0.8 (1.12) 1.15 ∆ CCr 81 (85) 

-1.5 NS 

Meloni, 2002 184 1 37 44 P 2.2 g/day  0.6 (0.68)a 1.39a ∆ GFR 46 (44)a +0.1 nd 

Usual:1.43 
Final  

94 vs 107 
<.05 

13 SCr 1.0 MicroAlb 100% 
Chicken: 

1.35 

nd
Final  

94 vs 103 

<.05 (Usual 
vs Chicken: 

<.05) 

Usual:1.43 
Final  

94 vs 113 
<.05 

Gross, 2002 466 4 wk 

15 SCr 0.9 
MacroAlb/MicroAlb 

0% 

 0.5-0.8 (0.66) 

Chicken: 
1.35 

GFR

nd
Final

94 vs 101 
NS (Usual vs 
Chicken: NS) 

Albuminuria             
∆ Albuminuria 

(mg/d) 
21.4 (21.3) 

-
14% vs +11 

.01 

6 wk ∆ Fractional 
Albumin

Clearance (x 10-6)
4.05 (3.94) -22% .03 

∆ Albuminuria 
(mg/d) 

21.4 (21.3) -8% v +4% NS 
Pijls, 1999 462

1

121 83 MicroAlb 32%  0.8 (1.12) 1.15 

∆ Fractional 
Albumin

Clearance (x 10-6)
4.05 (3.94) -10% NS 

Meloni, 2002 184 1 69 44 P 2.5 g/day  0.6 (0.68) 1.39 ∆ Proteinuria (g/d) 2.4 (2.6) -0.9 <.01 

Usual:1.43 
Final  

52 vs 64 
NS

13 SCr 1.0 MicroAlb 100% 
Chicken: 

1.35 

nd
Final  

52 vs 34 

<.05 (Usual 
vs Chicken: 

<.05) 

Usual:1.43 
Final  

3.9 vs 2.9 
NS

Gross, 2002 466 4 wk 

15 SCr 0.9 
MacroAlb/MicroAlb 

0% 

 0.5-0.8 (0.66) 

Chicken: 
1.35 

AER (mg/min) 

nd
Final  

3.9 vs 3.8 
NS (Usual vs 
Chicken: NS) 

Blood Pressure (mm Hg)            
6 mo -5/-5 .07/.009 

Pijls, 1999 462

1
121 83 MicroAlb 32%  0.8 (1.12) 1.15 ∆ BP 

138/79 
(138/79) -4/-3 NS 

Meloni, 2002 184 1 69 44 P 2.5 g/d  0.6 (0.68) 1.39 ∆ BP 
139/86 

(140/84) 
-1/-3 NS 
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Author, Year 
Mean Study 
Duration (y) 

N Mean GFR Albumin-uria 
Applic-
ability 

Prescribed 
(Achieved) LPD 

(g/kg/d)

UPD
(g/kg/d)

Outcome
Baseline 

Value
LPD (UPD) 

Net Effect P Quality

Hemoglobin A1c (%)             

Pijls, 1999 462 1 121 83 MicroAlb 32%  0.8 (1.12) 1.15 ∆ HbA1c 7.6 (7.7) +0.1 .08 

Meloni, 2002 184 1 69 44 P 2.5 g/d  0.6 (0.68) 1.39 HbA1c 7.2 (6.7) -1.2 vs -0.5 NS 

Lipids (mg/dL)             

Meloni, 2002 184 1 69 44 P 2.5 g/d  0.6 (0.68) 1.39 
∆ Total 

Cholesterol 
233 (245) +29 NS 

Usual:1.43 
Final  

174 vs 201 
<.05 

13 SCr 1.0 MicroAlb 100% 
Chicken: 

1.35 

nd
Final  

174 vs 176 

NS (Usual vs 
Chicken: 

<.05) 

Usual:1.43 
Final  

174 vs 176 
NS

15 SCr 0.9 
MacroAlb/MicroAlb 

0% Chicken: 
1.35 

Total Cholesterol 

nd
Final  

174 vs 179 
NS (Usual vs 
Chicken: NS) 

Usual:1.43 
Final  

104 vs 126 
NS

13 SCr 1.0 MicroAlb 100% 
Chicken: 

1.35 

nd
Final  

104 vs 108 
NS (Usual vs 
Chicken: NS) 

Usual:1.43 
Final  

98 vs 100 
NS

Gross, 2002 466 4 wk 

15 SCr 0.9 
MacroAlb/MicroAlb 

0% 

 0.5-0.8 (0.66) 

Chicken: 
1.35 

LDL

nd
Final  

98 vs 106 
NS (Usual vs 
Chicken: NS) 

Albumin/Prealbumin             
∆ Albumin (g/L) 4.7 (4.1) -1.2 <.01 

Meloni, 2002 184 1 69 44 P 2.5 g/d  0.6 (0.68) 1.39 ∆ Prealbumin 
(mg/dL) 

41 (39) -19.5 <.01 

a Data reported for combined cohort of patients with type 1 (N = 32) and type 2 (N = 37) diabetes. 
b 46% type 1 diabetes. 
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Table 39. Effect of Miscellaneous Diets on Kidney Function, Albuminuria, and Risk Factors in Type 1 Diabetes

Author, Year 
Mean Study 
Duration (y) 

N Mean GFR Albuminuria Applicability Treatment (qd) Comparator Outcome 
Baseline 
Valuea

Net
Effect

P Quality

Kidney Function            
Muhlhauser, 
1996 480 4 wk 16 88 MacroAlb 100%   NaCl 6 g supplement Placebo ∆ GFR 89 (87) -2 NS 

Dullaart, 
1992 469 2 36 114 

MacroAlb/MicroAlb 
100%   

High Linoleic Acid 
(PUFA:SFA = 1.0) 

Control diet ∆ GFR 106 (120) +7 NS 

Albuminuria            
Muhlhauser, 
1996 480 4 wk 16 88 MacroAlb 100%   NaCl 6 g supplement Placebo 

∆ Proteinuria 
(g/day) 

0.71 (1.00) +0.64 NS 

36 ∆ AER (µg/min) 17 (26)  +39% <.05 Dullaart, 
1992 469 2

ndb
114

MacroAlb/MicroAlb 
100%   

High Linoleic Acid 
(PUFA:SFA = 1.0) 

Control diet 
↑AER (µg/min) >20 (>20) RR 1.33 NS 

Blood Pressure (mm Hg)           
Muhlhauser, 
1996 480 4 wk 16 88 MacroAlb 100%   NaCl 6 g supplement Placebo ∆ BP 

134/86 
(130/86) 

+4.9/+5.3 NS 

Dullaart, 
1992 469 2 36 114 

MacroAlb/MicroAlb 
100%   

High Linoleic Acid 
(PUFA:SFA = 1.0) 

Control diet ∆ MAP ~93 (~94) 0 NS 

Hemoglobin A1c (%)            
Dullaart, 
1992 469 2 36 114 

MacroAlb/MicroAlb 
100%   

High Linoleic Acid 
(PUFA:SFA = 1.0) 

Control diet ∆ HbA1c ~7.4 (~7.4) 0 NS 

Lipids (mg/dL)             
∆ TC ~225 (~240) -20 NS Dullaart, 

1992 469 2 36 114 
MacroAlb/MicroAlb 

100%   
High Linoleic Acid 
(PUFA:SFA = 1.0) 

Control diet 
∆ LDL ~150 (~165) -5 NS 

a Baseline value of outcomes in the treatment (comparator) arm. 
b Subgroup analyzed with baseline AER > 20 µg/min and number of subjects is not documented. 
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Table 40. Effect of Miscellaneous Diets on Mortality, Kidney Function, Albuminuria, and Risk Factors in Type 2 Diabetes

Author, Year 
Mean Study 
Duration (y) 

N Mean GFR Albuminuria 
Applic-
ability 

Treatment
(qd)

Comparator Outcome 
Baseline 
Value a

Net
Effect

P Quality

Mortality            

Facchini, 2003 481 3.9 170 63 P 2.4 g/d  CR-LIPE
Low protein 

0.8 g/kg 
Mortality — 

HR
0.69 

<.02 

Kidney Function             

CKD Stage 5 — 
HR
0.76 

<.05 
Facchini, 2003 481 3.9 170 63 P 2.4 g/d  CR-LIPE

Low protein 
0.8 g/kg Double SCr 

(Cumulative %) 
—

21% vs 
39% 

<.01 

Wheeler, 2002 482 6 wk 17 100 MicroAlb 100%  
Plant protein diet 

107 g 
Animal protein 
dietb 107 g total 

∆ GFR 100 (116) +6 NS 

Na 50 mEq 
Clonidine

Na 250 mEq 
Clonidine

-1 nd 

Na 50 mEq 
Nifedipine 

Na 250 mEq 
Nifedipine 

-3 nd Bakris, 1996 483 4 wk 15 66 MacroAlb 100%   

Na 50 mEq 
Diltiazem 

Na 250 mEq 
Diltiazem 

∆ CCr 66c

-3 nd 

Albuminuria             

Wheeler, 2002 482 6 wk 17 100 MicroAlb 100%  
Plant protein diet 

107 g 
Animal protein 
dietb 107 g total 

∆ AER (µg/min) 68 (53) -28 NS 

Na 50 mEq 
Clonidine

Na 250 mEq 
Clonidine

+301 nd 

Na 50 mEq 
Nifedipine 

Na 250 mEq 
Nifedipine 

-255 nd Bakris, 1996 483 4 wk 15 66 MacroAlb 100%   

Na 50 mEq 
Diltiazem 

Na 250 mEq 
Diltiazem 

∆ UAE (mg/d) 3396c

-1154 nd  

Blood Pressure (mm Hg)             

Facchini, 2003 481 3.9 170 63 P 2.4 g/d  CR-LIPE
Low protein 

0.8 g/kg 
∆ BP (MAP) 107 (108) -6 NS 

Wheeler, 2002 482 6 wk 17 100 MicroAlb 100%  
Plant protein diet 

107 g 
Animal protein 
dietb 107 g total 

∆ BP
145/83 

(145/82) 
+1/+1 NS 

Na 50 mEq 
Clonidine

Na 250 mEq 
Clonidine

-2/-2 ndd

Na 50 mEq 
Nifedipine 

Na 250 mEq 
Nifedipine 

-4/-1 nddBakris, 1996 483 4 wk 15 66 MacroAlb 100%   

Na 50 mEq 
Diltiazem 

Na 250 mEq 
Diltiazem 

∆ BP 173/101c

-3/-1 ndd

Hemoglobin A1c (%)             

Facchini, 2003 481 3.9 170 63 P 2.4 g/d  CR-LIPE
Low protein 

0.8 g/kg 
∆ HbA1c (%) 7.6 (7.6) -0.7 NS 

Wheeler, 2002 482 6 wk 17 100 MicroAlb 100%  
Plant protein diet 

107 g 
Animal protein 
dietb 107 g total 

∆ HbA1c (%) 8.1 (7.9) -0.1 NS 

(Continued)
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If dietary protein intake is limited, an
ncrease in carbohydrates and/or fats is
equired for adequate caloric intake.
ncreasing intake of omega-3 and
onounsaturated fats may confer benefits
n CKD. (Weak/Opinion)
Evidence of biological activity of dietary fats

nd carbohydrates indicates that an exclusive
ocus on protein is too limiting with regard to
road effects on health in people with diabetes
nd CKD. When protein intake is limited, caloric
istribution of the other macronutrients must be
ddressed. According to the National Academy
f Sciences, Institute of Medicine, nonprotein
alories (90% of total) should be distributed as
0% or less from dietary fats and up to 60%
btained from complex carbohydrates.467 The
DA recommends that carbohydrates be derived
rimarily from whole grains, fruits and veg-
tables, and nonfat or low-fat dairy products.174

lthough glycemic effects are determined
trongly by total amount of carbohydrate, low-
lycemic index foods (a measure of type of
arbohydrate) may decrease postprandial hyper-
lycemia and improve overall blood glucose
ontrol.174 Dietary fiber is encouraged and may
roduce metabolic benefits on glycemia and lip-
ds.174

The optimal distribution of calories between
atty acid classes remains to be determined. Rec-
mmendations for fatty acids usually combine
olyunsaturated fatty acids together without dif-
erentiating between categories. Few studies have
xamined the effects of fatty acid intake or
upplements on markers of kidney disease and
isk factors in patients with diabetes (Table
1).468-472 Moreover, these studies were short
erm and performed in small numbers of people,
recluding firm conclusions. Nevertheless, the
vailable evidence suggests that increased intake
f omega-3 and monounsaturated fatty acids
ay be considered because of potentially favor-

ble effects on progression of CKD (Table 41).
atty acid intake can be modified easily by
ubstituting canola oil, a blend that includes both
mega-3 and monounsaturated fats, for veg-
table oils. Several brands of salad dressings and
utter replacement products made from canola
il are available in most grocery stores. To re-
duce intake of saturated fat, consumption of redA L F W A



Table 41. Effect of Fatty Acid Supplements on Kidney Function, Albuminuria, and Risk Factors in Type 1 and Type 2 Diabetes

Author, Year 

Mean 
Study

Duration
(y)

N Mean GFR Albuminuria 
Applic-
ability 

Treatment (qd) Comparator Outcome 
Baseline 
Valuea

Net
Effect

P Quality

Type 1 Diabetes            
Kidney Function            

Slope GFR — 10.6 vs 4.5 NS
Rossing, 1996 472 1 29 112 

MacroAlb/MicroAlb 
100%  

Fish oil  
EPA 2.0 g, DHA 2.6 g 

Olive oil 
∆ GFR 116 (108) -6 NS 

Albuminuria            
∆ Albuminuria (mg/d) 780 (650) +7% NS 

Rossing, 1996 472 1 29 112 
MacroAlb/MicroAlb 

100%  
Fish oil  

EPA 2.0 g, DHA 2.6 g 
Olive oil ∆ Fractional Albumin 

Clearance (x 10-6)
127 (134) +11 NS 

Hamazaki, 1990 470 6 mo 9 SCr 1.0 MicroAlb 100%  EPA 1.8 g No intervention ∆ UAE (mg/g) 68 (71) -56 ndb

Blood Pressure (mm Hg)           

Rossing, 1996 472 1 29 112 
MacroAlb/MicroAlb 

100%  
Fish oil  

EPA 2.0 g, DHA 2.6 g 
Olive oil ∆ BP 

141/82 
(140/78) 

-3/-1 NS 

Hamazaki, 1990 470 6 mo 9 SCr 1.0 MicroAlb 100%  EPA 1.8 g No intervention ∆ BP 
128/75 

(112/70) 
-14/-9 nd 

Hemoglobin A1c (%)            

Rossing, 1996 472 1 29 112 
MacroAlb/MicroAlb 

100%  
Fish oil  

EPA 2.0 g, DHA 2.6 g 
Olive oil ∆ HbA1c (%)  8.8 (9.2) -0.3 NS 

Hamazaki, 1990 470 6 mo 9 SCr 1.0 MicroAlb 100%  EPA 1.8 g No intervention ∆ HbA1c (%)  7.1 (6.3) +0.8 nd 

Lipids (mg/dL)            
∆ TC (mg/dL) 195 (196) +13 NS 

Rossing, 1996 472 1 29 112 
MacroAlb/MicroAlb 

100%  
Fish oil  

EPA 2.0 g, DHA 2.6 g 
Olive oil 

∆ LDL (mg/dL) 113 (125) +17 NS 

Hamazaki, 1990 470 6 mo 9 SCr 1.0 MicroAlb 100%  EPA 1.8 g No intervention ∆ TC (mg/dL) 185 (217) +8 nd 

Type 2 Diabetes             

All Outcomes             

∆ UAE (mg/g) 65 (46) -20 ndb

∆ BP 
142/77 

(130/75) 
+1/+4 nd 

∆ HbA1c (%)  5.8 (6.8) +0.1 nd 
Hamazaki, 1990 470 6 mo 17 SCr 0.9 MicroAlb 100%  EPA 1.8 g No intervention 

∆ TC (mg/dL) 185 (197) -6 nd 
a Baseline value of outcomes in the treatment (comparator) arm 
b P value significant in the treatment arm for before vs after treatment.  
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eats should be reduced, and low-fat or nonfat
airy products should be used.

People with diabetes and CKD should
eceive intervention from a specialty-trained
egistered dietitian that includes
ndividualized management of multiple
utritional aspects. (Moderate)
The diet for diabetes and CKD is more compli-

ated than that for either condition alone. The

Table 42. Key Studies Evaluating Effects of Dietary Pr
in Patients Wit

Author, Sample Size, Study 
Duration 

Study Diets
(protein, g/kg body weig

Pedrin,180

n = 108, 9-33 mo 
0.5-0.85  

No description of other com

Hansen,181 n = 82, 48 mo 0.89 vs 1.02
No description of other com

Azadbakht,182 n = 14, 18 wk 0.8 g: 70% animal, 30%
After 4-wk washout: 0.8 g; 3

30% vegetabl
Both diets provided 2 g sodium

and 1,500 mg phos
Meloni,184 n = 69, 12 mo 0.6 g vs free diet: 

No description of other com

Dullart,183 n = 31, 2 y 0.6 g/kg 
Usual diet: 1.09

Detailed diet analysis wa
Pijls, 462 n = 131, 28 mo 0.8 g with isocaloric replaceme

by unsaturated fat and car
combination with water-solub

carbohydrate
Usual diet: restriction of satura

focus of diet: 1.19
Subjects met with the dietit

Raal,186  gk/g 8.0 om 6 ,22 = n 
>1.6 g/kg 

Pecis, 185 n = 15, 9  wk 0.5 g/kg: 7% protein, 33
carbohydrate

Normoprotein isocaloric test d
meat, chicken, and fish subst

meat of the usual diet
Usual diet: 1.4 g

Some additional nutrient ana
diets 

Jibani, 202 n = 8, 24 wk Predominantly vegetarian diet:
as animal with remainder from

Abbreviation: CCr, creatinine clearance. 
anagement of diabetes and CKD involves mul- p
iple nutrients (macronutrients and micronutri-
nts), including protein, carbohydrate, fat, so-
ium, potassium, and phosphate, among many
thers. Nutritional intervention should be indi-
idualized and completed in an interactive man-
er. Patients should identify achievable goals
nd lifestyle behaviors they want to modify.
everal studies have documented that frequent
atient contact with a registered dietitian accom-

Restriction or Other Alterations on Kidney Outcomes
etes and CKD

day) 

Kidney Outcome Measured; 
Significant Compared With Higher Protein 

Diet? Yes/No 

 of diet 
Urinary excretion of albumin or total protein: 

yes 
Decline in GFR or creatinine-based 

measurements: yes 

 of diet 
Decline in GFR: yes 

RR of CKD stage 5 or death: yes 
10% vs 27% 

RR, 0.23 (0.07-0.720; P = 0.04) 
ble 
protein, 

tassium, 

Proteinuria: yes 
GFR: no 

 of diet 
CCr: no 
GFR: no 

Proteinuria: yes 

ded 

Albuminuria: yes 
Renal hemodynamics: yes, year 1 only 

tein kcal 
tes in 
igestible 

 acids as 

y 3 mo 

GFR: no 
Albuminuria: no 

Albuminuria: yes 
GFR: yes 

Proteinuria: yes 
0% 

ich white 
r the red 
g 

vided of 

GFR: yes for both low-protein diet and test diet 
vs usual diet 

tal protein 
le protein 

Fractional albumin clearance: yes 
otein
h Diab

  
ht per 

ponents

 
ponents

 vegeta
5% soy 
e 

, 2 g po
phorus 
1.38 g 
ponents

 g 
s provi

nt of pro
bohydra
le nond
 
ted fatty
 g/kg 
ian ever

% fat, 6
 
iet in wh
ituted fo
: 1.2 g/k
/kg 
lysis pro

 30% to
 vegetab
lishes dietary goals and/or improves clinical
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utcomes.45,473-475 This finding includes studies
f patients with microalbuminuria and diabe-
es,45 dialysis patients who have diabetes,474 and
atients with decreased GFR.475 Because this
bservation applies across a wide spectrum of
atients, those with diabetes and CKD at all
tages are likely to benefit from interaction with
registered dietitian.

COMPARISONS WITH OTHER GUIDELINES

The NKF-KDOQI™ Guidelines on Hyperten-
ion and Antihypertensive Agents in CKD recom-
ended a version of the DASH diet with modifi-

ations for CKD stages 3 to 4.5,199 These
odifications decreased dietary protein from 1.4

/kg body weight per day to 0.6 to 0.8 g/kg body
eight per day, as well as restricted phosphorus

0.8 to 1.0 g/d) and potassium (2 to 4 g/d).5

ased on concerns about potential detrimental
ffects of high-protein diets on the kidney and
vidence for kidney and survival benefits at
pproximately the RDA level in diabetes and
KD stages 1 to 2, the Work Group concluded

hat a protein intake that meets, but does not
xceed, the RDA would be prudent at earlier

Figure 21. Meta-analysis demon-
trating reduced risk of progression of
KD (loss of kidney function or in-
reased albuminuria) by treatment with
ow-protein diets.
eprinted with permission.180
tages of CKD (Table 43). The ADA endorses a
ietary protein intake of 0.8 g/kg body weight
er day for people with DKD.34 An additional
estriction to 0.6 g/kg body weight per day is
uggested should glomerular filtration rate begin
o decrease. The dietary protein recommendation
hould be based on idealized body weight be-
ause obesity, which is highly prevalent in the
iabetes and CKD population, otherwise would
ead to overestimating the dietary protein recom-
endation.
Dietary sodium reduction to 2.3 g/d (100
mol/d) is recommended based on the DASH

nd DASH-Sodium diets.199 Because most people
ith diabetes and CKD have hypertension char-

cterized by enhanced sodium retention, this
imitation should apply. Recommendations for
hosphorus and potassium are the same for CKD
ith and without diabetes. Phosphorus binders
ay be needed in patients with advanced CKD

ecause of the emphasis on whole grains and
airy products.
The Institute of Medicine established guide-

ines for intake of omega-3 fatty acids, which
ecognize significant variances in physiological

Figure 22. Effect of reduced dietary protein in-
take on CKD stage 5 and death in type 1 diabetes

and CKD Stage 2 (inferred) at baseline.
Reprinted with permission.181
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Guidelines for Diabetes and CKDS106
otency between different omega-3 fatty acids.
dequate intake of alpha-linolenic acid was es-

ablished as 1.6 g/d for men and 1.1 g/d for
omen, with substitution of up to 10% of these

mounts by the more physiologically potent eico-
apentaenoic acid (EPA) and docosahexaenoic
cid (DHA).467 The AHA and the KDOQI™
PGs for CVD in Dialysis Patients recommend

ncluding 1 serving of cold-water fish in the diet
times per week.10,476 It is possible that 3

ervings of cold-water fish, such as salmon,
ackerel, herring, and albacore tuna, would pro-

ide EPA and DHA in excess of the 10% of
dequate intake amounts for men and women.
he Work Group is not aware of studies indicat-

ng disadvantages from this amount of EPA or
HA. However, some concerns exist related to

he potential for unacceptable levels of mercury
r other contaminants. Nevertheless, in the opin-
on of the Work Group, these recommendations
ay be considered for the diabetes and CKD

opulation.

LIMITATIONS

Studies of dietary protein interventions in dia-
etes and CKD are relatively few, short term,
ompleted in small numbers of participants, and
ave limited documentation of DKD. In addi-
ion, both the qualitative (eg, beef, chicken, or
oy sources) and quantitative definition of a
ow-protein diet differ tremendously among stud-
es. Substantial differences in amounts and types

Table 43. A Balanced Approach to Nutrition in CKD
Miner

 
 2-1 tneirtuN

  )d/g( muidoS
Total fat*   )seirolac fo %( 

  )seirolac fo %( taf detarutaS
  )d/gm( loretselohC
  )seirolac fo %( etardyhobraC

Protein (g/kg/d, % of calories) 
 No diabetes 
 Diabetes 

1.4 (~1
0.8 (~1

 7.1 )d/g( surohpsohP
 4> )d/g( muissatoP

Note: Adapted from the DASH diet and NKF-KDOQI™ CPGs for Hyper
CKD.5,199

*Adjust so total calories from protein, fat, and carbohydrate are 100%. E
legumes, low-fat or nonfat dairy products, canola oil, olive oil, cold-wate
f fat and carbohydrate also have not been ac- C
nowledged adequately. This type of variability
s a potential explanation for the inconsistent
esults observed between studies evaluating the
ffect of protein intake on kidney outcomes.

IMPLEMENTATION ISSUES

As detailed in CPR 4, adherence to nutritional
egimens is particularly challenging. Therefore,
ethods to improve adherence are crucial to

chieve nutritional goals. In addition, diets rec-
mmended by health care professionals often are
iewed as unpalatable and unattractive. Culinary
pproaches to enhance appeal of nutrient-appro-
riate foods should be encouraged, along with
ethods to make food preparation easy and

nexpensive. An example of a meal plan that
eets the nutritional goals of this guideline is

rovided in Appendix 1. A professional chef
esigned the menu and accompanying recipes in
ollaboration with registered dietitians experi-
nced with diabetes and CKD. In the view of the
ork Group, these types of creative approaches

acilitate interest and feasibility for lifestyle modi-
cation in diabetes and CKD.

chedule for Nutritional Assessment and
ntervention

The Renal Dietitians Dietetic Practice Group
f the American Dietetic Association recom-
ends nutritional assessment and intervention at

he diagnosis of CKD and quarterly thereafter.477

onsidering that diabetes further complicates

r Without Diabetes: Macronutrient Composition and
tent

Stage of CKD  
 4-3 4-1

  3.2<
<30 

  01<
  002<
  06-05

0.6-0.8 (~8-10) 
0.6-0.8 (~8-10) 

 0.1-8.0 
 4.2 

nd Antihypertensive Agents in CKD, modified for diabetes and stages of 

e such whole-food sources as fresh vegetables, whole grains, nuts, 
d poultry. 
With o
al Con

8) 
0) 

tension a

mphasiz
KD care, frequency of assessment may be
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djusted based on the needs of individual pa-
ients. A registered dietitian who is knowledge-
ble of both conditions should perform nutri-
ional assessments and interventions. Obtaining
ccurate dietary histories often is challenging
ecause of the subjective nature of reporting and

ifficulty with recall. For some key nutrients in a
he regimen recommended for diabetes and CKD,
uch as sodium and protein (estimated by urinary
rea nitrogen excretion), 24-hour urine studies
re useful to assess intake and guide counseling.
lose monitoring of patients who follow a di-
tary protein restriction is important to ensure

dequate, but not excessive, protein intake.
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CLINICAL PRACTICE RECOMMENDATION 1: MANAGEMENT
OF ALBUMINURIA IN NORMOTENSIVE PATIENTS WITH
DIABETES AND ALBUMINURIA AS A SURROGATE MARKER
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Treatments that lower urinary albumin ex-
retion may slow progression of diabetic kid-
ey disease (DKD) and improve clinical out-
omes, even in the absence of hypertension.
owever, most people with diabetes and albu-
inuria have hypertension; management of

ypertension in these patients is reviewed in
uideline 3.

.1 Normotensive people with diabetes and
macroalbuminuria should be treated with
an ACE inhibitor or an ARB. (C)

.2 Treatment with an ACE inhibitor or an
ARB may be considered in normotensive
people with diabetes and microalbumin-
uria. (C)

.3 Albuminuria reduction may be consid-
ered a treatment target in DKD. (C)

BACKGROUND

This CPR addresses the evidence for treatment
f normotensive patients who have diabetes and
levated albuminuria with ACE inhibitors and
RBs. RAS inhibition effectively reduces albu-
inuria progression and improves clinical out-

omes in hypertensive patients with DKD, but
elatively few studies, particularly of antihyper-
ensive agents, have specifically recruited normo-
ensive people with diabetes and elevated albu-
inuria. Although there is a greater body of

vidence that evaluates ACE inhibitors in type 1
iabetes and ARBs in type 2 diabetes (Table 44
o Table 46), the Work Group views their relative
enefits as interchangeable for early and late
tages of DKD. Accordingly, the Work Group
ssumes, as in Guideline 3, that a class effect
xists across these agents, although several indi-
idual agents of each class have not been tested
ith clinical end points in kidney disease. This

ssumption is based on consistency among stud-
es with agents of either class and it reflects the
pinion of the Work Group. Nevertheless, the
ffectiveness of individual agents may differ.

The role of albuminuria change as a surrogate
nd point for clinical outcomes in the setting of
KD also is discussed. Albuminuria usually is
resent in DKD. Many studies in people with

iabetes and microalbuminuria or macroalbumin- a

merican Journal of Kidney Diseases, Vol 49, No 2, Suppl 2 (Febr
ria have targeted stabilization or reduction in
lbuminuria levels as surrogate end points for
rogression of kidney disease. Studies evaluat-
ng interventions aimed at reducing albuminuria
rimarily used ACE inhibitors and ARBs.
Relationships between glomerular structural

esions and the presence or absence of microalbu-
inuria in diabetes are not straightforward. In

ddition, intrapatient variability in albuminuria
easurements is large, and there is controversy

bout the standardization of the measurement
tself. For all these reasons, the Work Group
oncluded that the evidence for using albumin-
ria as a surrogate marker for clinical outcomes
as not sufficiently strong to merit a guideline

tatement. In turn, this conclusion influenced the
ork Group’s interpretation of the strength of

he evidence for use of ACE inhibitors or ARBs
n diabetic patients who are normotensive and
ave either macroalbuminuria or microalbumin-
ria. Therefore, the evidence ratings in CPR 1
ere downgraded from those given for corre-

ponding statements in the KDOQI™ Guidelines
n Hypertension and Antihypertensive Agents in
KD.

RATIONALE

efinitions

The definition of microalbuminuria is albumin-
reatinine ratio (ACR) of 30 to 300 mg/g, and of
acroalbuminuria, ACR greater than 300 mg/g

Guideline 1). The definition of hypertension is
lood pressure of 130/80 mm Hg or greater
Guideline 3).

Normotensive people with diabetes and
acroalbuminuria should receive an ACE

nhibitor or an ARB. (Moderate/Weak)
In type 1 diabetes with macroalbuminuria,

CE inhibitors decrease albuminuria and reduce
he risk of clinical outcomes regardless of the
resence or absence of hypertension. A random-
zed controlled trial in people with type 1 diabe-
es and macroalbuminuria found that ACE inhibi-
ors reduced the risk of the combined outcome of
oubling of serum creatinine level, CKD stage 5,

nd death.168 A quarter of the participants were

uary), 2007: pp S109-S115 S109



Table 44. Effect of ACE Inhibitors on Mortality, CVD, Kidney Function, Albuminuria, and Miscellaneous Outcomes in Type 2 Diabetes

Author, Year 
Mean Study 
Duration (y) 

N
Mean 
GFR

Albuminuria 
Applic-
ability 

Treatment (qd)a Comparator Outcome 
Baseline 
Value b

Net
Effect

P Quality

Mortality             
Marre, 2004 485

DIABHYCAR
4 4,912 SCr 1.0 

MacroAlb 26% 
MicroAlb 74%  Ramipril 1.25 mg Placebo All cause mortality — HR 1.04 NS    

All cause mortality — RR 1.14 NS 
UKPDS 39, 1998 486 9 758 nd 

MacroAlb 2% 
MicroAlb 18%  Captopril 100 mg 

Atenolol 
100 mg Diabetes-related 

death 
— RR 1.27 NS 

Composite Clinical Outcome           
Marre, 2004 485

DIABHYCAR
4 4,912 SCr 1.0 

MacroAlb 26% 
MicroAlb 74% 

Ramipril 1.25 mg Placebo 
CVD death, CVD 

event, CKD Stage 5 
— HR 1.03 NS   

HOPE, 2000 104 4.5 3,577 SCr 1.1 MicroAlb 32% Ramipril 10 mg Placebo 
MI, Stroke  

or CVD death 
— RR 0.75 .0004 

Cardiovascular Disease           
Marre, 2004 485

DIABHYCAR
4 4,912 SCr 1.0 

MacroAlb 26% 
MicroAlb 74% 

Ramipril 1.25 mg Placebo MI — HR 0.79 NS    

Stroke — RR 1.12 NS 
UKPDS 39, 1998 486 9 758 nd 

MacroAlb 2% 
MicroAlb 18%  Captopril 100 mg 

Atenolol 
100 mg PVD — RR 1.48 NS 

Kidney Function             
CKD Stage 5 — HR 0.93 NS Marre, 2004 485

DIABHYCAR
4 4,912 SCr 1.0 

MacroAlb 26% 
MicroAlb 74% 

Ramipril 1.25 mg Placebo 
SCr doubling — HR 0.81 NS 

   

Ahmad, 1997 487 5 103 124 MicroAlb 100%  Enalapril 10 mg Placebo ∆ GFR 124 None NS  

Albuminuria             
Marre, 2004 485

DIABHYCAR
4 1,868 SCr 1.0 

MacroAlb 26% 
MicroAlb 74% 

Ramipril 1.25 mg Placebo 
Regression of 
albuminuria

— RR 0.86 .07    

Capes, 2000c 488

SOLVD
2 970 nd 

MacroAlb/MicroAlb 
0%  Enalapril 20 mg Placebo New proteinuria — RR 0.39 .01    

Macroalbuminuria — RR 0.76 .03 
HOPE, 2000 104 4.5 3,577 SCr 1.1 MicroAlb 32% Ramipril 10 mg Placebo 

Microalbuminuria — RR 0.91 NS 
Macroalbuminuria — ARR 0.84d <.001 

Ahmad, 1997 487 5 103 124 MicroAlb 100%  Enalapril 10 mg Placebo 
∆ AER (µg/min) 55 (53) -67 <.05 

 

Miscellaneous Outcomes            

UKPDS 39, 1998 486 9 758 nd 
MacroAlb 2% 
MicroAlb 18%  Captopril 100 mg 

Atenolol 
100 mg 

Microvascular disease — RR 1.29 NS 

a Maximum daily dose. 
b Baseline value of outcomes in the treatment (comparator) arm. 
c Types 1 and 2 diabetes. 
d Absolute risk reduction over 5-year period. 
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Table 45. Effect of ARBs on Mortality, Kidney Function, and Albuminuria in Type 2 Diabetes

Author,
Year

Mean Study 
Duration (y) 

N
Mean 
GFR

Albumin-
uria

Applic-
ability 

Treatment
(qd)a Comparator Outcome 

Baseline 
Valueb

Net
Effect

P Quality

SCr doubling, CKD Stage 5, 
or death 

— RR 0.80 .02 

CKD Stage 5 — RR 0.77 NS 
SCr doubling — RR 0.6 .003 
∆ CCr/year nd +1.0 nd 

Lewis, 
2001 169 2.6 1,715 SCr 1.7 

MacroAlb
100%  

Irbesartan  
300 mg 

Placebo

∆ Proteinuria (g/d) 2.9 (2.9) -0.8 nd 

 

SCr doubling, ESRD, or 
death 

— HR 0.84 .02 

ESRD — HR 0.72 .002 
SCr doubling — HR 0.75 .006 
∆ GFR/year nd +0.8 .01 

Brenner, 
2001 167

RENAAL
3.4 1,513 SCr 1.9 

MacroAlb
100%  

Losartan  
100 mg 

Placebo

∆ ACR (mg/g) 1237 (1261) -35% <.001 

 

∆ CCr 108 (109) -4.8 NS 
New onset nephropathy — HR 0.3 <.001 

Irbesartan  
300 mg 

∆ UAE (µg/min)) 53.4 (54.8) -36%c <.001 
∆ CCr 110 (109) -2.4 NS 

New onset nephropathy — HR 0.61 .08 

Parving, 
2001 161 2 590 109 

MicroAlb
100%   

Irbesartan  
150 mg 

Placebo

∆ UAE (µg/min) 58.3 (54.8) -22%c <.001 

 

a Maximum daily dose. 
b Baseline value of outcomes in the treatment (comparator) arm. 
c Reduction in the level of urinary albumin excretion throughout the study. 
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Recommendations for Diabetes and CKDS112
ormotensive. There was no significant differ-
nce in the treatment effect between the normo-
ensive and hypertensive individuals.

In type 2 diabetes with macroalbuminuria,
RB treatment reduces the risk of clinical out-

omes. A 300-mg daily dose of irbesartan re-
uced proteinuria levels (significance not re-
orted) and the risk of doubling of serum
reatinine level compared with 10 mg daily of
mlodipine or placebo in mostly hypertensive
eople with type 2 diabetes and nephropathy.169

n another study, losartan significantly reduced
he ACR and the risks of CKD stage 5 and
oubling of serum creatinine level compared
ith placebo.167 These 2 studies had very few
articipants with normal blood pressure.
Overall, patients with diabetes, macroalbumin-

ria, and normal blood pressure rarely were
ncluded in the available studies. Therefore, evi-
ence for ACE-inhibitor or ARB treatment in
hese patients was considered moderate to weak.
evertheless, based on this limited evidence, the
ork Group recommends treatment with an ACE

nhibitor or an ARB in this group of patients.

In normotensive people with diabetes
nd microalbuminuria, use of an ACE
nhibitor or an ARB may be considered.
Weak)

Few studies have evaluated ACE inhibitors or
RBs for the treatment or prevention of mi-

roalbuminuria in normotensive people with type
diabetes. A meta-analysis of clinical trials in

eople with type 1 diabetes found that ACE
nhibitors reduced both the level of albuminuria
nd progression from microalbuminuria to mac-
oalbuminuria in normotensive subjects.203 In
ddition, a recent study (N � 73) found that only
% of participants treated with 10 mg of enala-
ril daily compared with 31% of participants
eceiving a placebo developed microalbumin-
ria.204

Because most people with type 2 diabetes and
lbuminuria have hypertension, few studies have
valuated normotensive people with type 2 diabe-
es and microalbuminuria. One small study (N �
4) found that enalapril treatment reduced pro-
ression to macroalbuminuria by 30% (P �
.001), with only 12% of patients in the treat-
ent group progressing versus 42% in the pla-
206
cebo group. Similarly, another study (N � 62)A Ba D a b 
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Mgmt. of Albuminuria in Normotensive Pts. With Diabetes & Albuminuria as Surrogate Marker S113
ound that enalapril significantly reduced albu-
inuria after 4 years of treatment, whereas par-

icipants randomly assigned to placebo experi-
nced an increase in albuminuria.207 Another
mall study (N � 19) in normotensive people
ith either microalbuminuria or macroalbumin-
ria found that albuminuria increased over 2
ears in the placebo group, but decreased signifi-
antly with perindopril treatment (P � 0.05).205

imilarly, ACE inhibitors may decrease albumin-
ria and reduce the risk of kidney and CVD
utcomes. The Heart Outcomes Prevention Evalu-
tion (HOPE) trial found that ramipril reduced
he risk of the combined end point of myocardial
nfarction, stroke, or death due to CVD in people
ith type 2 diabetes. It also reduced progression

o macroalbuminuria in subjects with microalbu-
inuria at baseline, but did not lower the risk of

ew cases of microalbuminuria.104

In the opinion of the Work Group, a change in
lbuminuria or transition between categories (nor-
oalbuminuria, microalbuminuria, or macroalbu-
inuria) in normotensive people with diabetes is

elatively weak evidence for change in status or
rognosis of kidney disease. The rationale for
his opinion is as follows. First, level of albumin-
ria or crossing an ACR threshold is not a
linical end point. Second, RAS inhibitors might
ask the progression of DKD marked by albu-
inuria. In type 1 diabetes, withdrawal of ACE

nhibition caused a rapid increase in albumin-
ria,208 and in type 2 diabetes, discontinuation of
rbesartan in the IRMA-2 study prompted a rapid
eturn to pretreatment levels of albuminuria in
atients receiving the lower dose of irbesartan

Figure 23. Hazard ra-
ios for CVD and heart fail-
re end points as a function
f percent change in
-month albuminuria in the
ENAAL trial.
elation is corrected for a
eries of risk markers. Ab-
reviation: CV, cardiovas-
ular. Reprinted with per-
ission.211
nd a partial return to pretreatment levels in p
hose receiving the higher dose of irbesartan.209

hird, few normotensive patients with diabetes
nd microalbuminuria have been enrolled in clini-
al trials of treatments for kidney disease. The
emonstrated benefits of RAS inhibition for re-
ucing and stabilizing albuminuria were noted,
et in the absence of studies with clinical end
oints, the Work Group found this evidence
nsufficient to justify a higher rating.

Albuminuria change may be an
cceptable surrogate marker for clinical
utcomes in DKD. (Weak/Opinion)
Studies testing the hypothesis that albumin-

ria reduction predicts improved prognosis in
KD have been performed only as secondary

nalyses of studies of ARB treatment in people
ith type 2 diabetes and macroalbumin-
ria.210-212 In these studies, level of albuminuria
eduction was a marker of decreased risk of
dverse outcomes. Observational analyses from
he RENAAL trial found that the magnitude of
lbuminuria reduction predicted reduced risk of
oth CVD events and kidney end points (Fig 23
nd Fig 24).211,212 Similarly, an analysis from
he IDNT found that degree of proteinuria reduc-
ion corresponded to decreased kidney end points
Fig 25).210 These findings raise the hypothesis
hat albuminuria reduction per se has beneficial
ffects. However, an alternative possibility is
hat albuminuria reduction is a marker for pa-
ients with less severe kidney and vascular dis-
ase. A strategy of targeting treatment of albumin-
ria, in addition to blood pressure and other risk
actors, has not been tested prospectively in

atients with diabetes. Furthermore, to date, only



t
t
u

g
t
c
f
G
a
n
c
C
r
c
i
c
s
b
5

i
a
p
w
a
p
u
s
A
u
l
d
b

m
i
d
r

o
r
m
p
m
R

Recommendations for Diabetes and CKDS114
hese secondary analyses from the RENAAL
rial and IDNT have directly correlated albumin-
ria/proteinuria reduction with clinical benefit.
New interventions to prevent or slow the pro-

ression of DKD are urgently needed. Interven-
ions that reduce albuminuria or delay its in-
rease may be promising as potential therapies
or DKD. However, in the opinion of the Work
roup, there currently is insufficient evidence to

ssume that lowering albuminuria levels will
ecessarily lead to improvements in clinical out-
omes, such as progression to CKD stage 5,
VD events, or death. Conversely, the failure to

educe albuminuria does not preclude a benefi-
ial clinical effect on DKD from a potential
ntervention. Therefore, to be considered effica-
ious, potential treatments for DKD must demon-
trate benefits not only on albuminuria reduction,
ut also on such clinical end points as CKD stage
, CVD events, or death.213

Figure 25. Kaplan-Meier analysis
f kidney end points (doubling of se-
um creatinine [SCr], SCr level � 6
g/dL, or CKD stage 5) by level of
roteinuria change in the first 12

onths of the IDNT.
eprinted with permission.210
LIMITATIONS

Most studies that assessed the efficacy of ACE
nhibitors or ARBs in people with diabetes and
lbuminuria were conducted in people with hy-
ertension or in a mix of subjects with and
ithout hypertension. Therefore, there are not

bundant data to direct therapy for normotensive
eople with diabetes who have microalbumin-
ria or macroalbuminuria. However, the consen-
us of the Work Group was that the benefits of
CE inhibitors and ARBs for reducing albumin-
ria and delaying kidney disease progression are
ikely to be similar among most people with
iabetes and albuminuria, regardless of their
lood pressure level.
In addition, in people with type 2 diabetes,
icroalbuminuria may represent early kidney

njury or may be a manifestation of endothelial
ysfunction and generalized vascular injury. The
elative contribution of these 2 causes may vary

Figure 24. Hazard ra-
tios for kidney end points
(doubling of serum creati-
nine, CKD stage 5, or
death) and CKD stage 5 as
a function of percent
change in 6-month albumin-
uria in the RENAAL trial.
Relation is corrected for a
series of risk markers. Ab-
breviation: ESRD, end-
stage renal disease. Re-
printed with permission.212
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Mgmt. of Albuminuria in Normotensive Pts. With Diabetes & Albuminuria as Surrogate Marker S115
n each patient. Given the uncertainty regarding
he presence of kidney disease in subjects with
icroalbuminuria and the lack of clinical end

oints in trials of patients with diabetes and
icroalbuminuria, the Work Group’s recommen-

ations for use of ACE inhibitors and ARBs in
ormotensive people with diabetes and mi-
roalbuminuria are less strong than in those with
acroalbuminuria.

IMPLEMENTATION ISSUES

In normotensive people with diabetes and albu-
inuria, the target dose of ACE inhibitors or
RBs is unknown. In the absence of side effects

r adverse events (eg, hyperkalemia), the Work t
roup recommends titration up to the maximum
pproved dose.

Placing people with microalbuminuria and
iabetes on therapy with an ACE inhibitor or
RB may lead to less attention to glycemic

ontrol. The National Health and Nutrition
xamination Survey (NHANES) 1999 to 2000
emonstrated that glycemic control has wors-
ned in patients with diabetes and microalbu-
inuria, which may be caused by health care

roviders believing that RAS inhibition will
educe albuminuria and thus protect patients
rom clinical end points.484 The Work Group
mphasizes the importance of glycemic con-
rol to prevent and treat albuminuria, as well as

o reduce the overall risks of diabetes.
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CLINICAL PRACTICE RECOMMENDATION 2: MULTIFACETED
APPROACH TO INTERVENTION IN DIABETES AND CHRONIC
KIDNEY DISEASE
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Multiple risk factors are managed concur-
ently in patients with diabetes and CKD, and
he incremental effects of treating each of
hese risk factors appear to add up to substan-
ial clinical benefits.

.1 The care of people with diabetes and
CKD should incorporate a multifaceted
approach to intervention that includes
instruction in healthy behaviors and treat-
ments to reduce risk factors. (C)

.2 Target BMI for people with diabetes and
CKD should be within the normal range
(18.5-24.9 kg/m2). (C)

BACKGROUND

This CPR provides a summary of current
vidence for a multifaceted approach to interven-
ion in the management of diabetes and CKD.
tudies evaluating multifaceted interventions and
arious other approaches to reducing albumin-
ria or improving clinical outcomes were re-
iewed (Table 47).

RATIONALE

The care of people with diabetes and
KD should incorporate a multifaceted
pproach to intervention.
Moderate/Weak)

The Steno Study was a randomized trial that
nvestigated a multifaceted treatment approach
intensive intervention) versus usual care in
eople with type 2 diabetes and microalbumin-
ria. The intensive intervention had multiple
argets, including behavioral modification and
harmacological therapies for hyperglycemia, hy-
ertension (emphasizing RAS inhibitors), dyslip-
demia, CVD prevention with aspirin, and vita-

in/mineral supplementation (Table 48).
ompared with usual care, patients receiving the

ntensive intervention had significantly larger
ean decreases in systolic blood pressure (11
m Hg), diastolic blood pressure (4 mm Hg),

asting plasma glucose (34 mg/dL), glycosylated
emoglobin (0.7%), triglycerides (50 mg/dL),
otal cholesterol (47 mg/dL), and LDL-C (34

g/dL). These changes corresponded to a mean b

American Journal of Kidney Diseas116
eduction of albuminuria (albumin reduced 20
g/24 h) for the intensive intervention, whereas

here was a mean increase in patients receiving
sual care (albumin increased 30 mg/24 h). The
ntensive intervention reduced albuminuria pro-
ression, retinopathy, neuropathy, and a compos-
te outcome of CVD events or death (Fig 26).45,46

ther interventions using some of the individual
omponents, such as aspirin or vitamins C or E,
id not reduce albuminuria in smaller short-term
tudies.489,490 Furthermore, vitamin E did not
revent the development or progression of albu-
inuria or reduce CVD or mortality in a large

ong-term study of people with type 2 diabe-
es.491

As key components of multifaceted interven-
ion, clinicians should encourage people with
iabetes and CKD to adopt healthy lifestyles that
nclude improved nutrition, exercise, and smok-
ng cessation. Although not clearly associated
ith better kidney outcomes (such as doubling of

erum creatinine or CKD stage 5), control of
yperglycemia, blood pressure, and lipids im-
rove other relevant health outcomes in people
ith diabetes irrespective of the presence of
KD. For example, although glycemic control
as not been proven beneficial for kidney out-
omes, it reduces risks for retinopathy and neu-
opathy.134,136,367,492 Additionally, treatment of
levated LDL-C improves cardiovascular out-
omes in people with diabetes (except for those
ith LDL-C concentrations between 120 and
90 mg/dL who initiate statin therapy while on
emodialysis therapy, Guideline 5).100,177

A critical component of the comprehensive
are of people with diabetes and CKD is manage-
ent of diabetes according to current standards

Guideline 2). Targets for glycemic control should
e achieved with a combination of lifestyle ap-
roaches, behavioral self-management, and medi-
ines (Guidelines 2 and 5, CPR 4). Particular
ttention should be given to appropriate screen-
ng for common comorbidities and referral to
pecialists, such as those for eye and foot care.
onsidering the greatly increased CVD risk in
eople with diabetes and CKD, risk factors should

e managed with a goal of minimizing CVD

es, Vol 49, No 2, Suppl 2 (February), 2007: pp S116-S119



Table 47. Effect of Miscellaneous Treatments on Mortality, Kidney Function, and Albuminuria in Type 2 Diabetes

Author, Year 
Mean Study 

Duration
N Mean GFR Albuminuria  

Applic-
ability 

Treatment (qd)a Comparator Outcome 
Baseline 
Valueb

Net
Effect

P Quality

Mortality — RR 0.93  NS 
MI, Stroke,  
CVD death 

— RR 1.03 NS 

New onset 
microalbuminuria

— RR 0.91 NS 
Lonn, 2002c 491 4.5 y 3654 SCr 1.1 MicroAlb 32%  Vitamin E 400 IU Placebo 

New onset nephropathy / 
macroalbuminuria

— RR 1.12 NS 

   

Gaede, 1999 46 3.8 y 149 117 MicroAlb 100%  

Metoprolol 100 mg 
Vitamin C 1250 mg 
Vitamin E 100 mg 

Aspirin 150 mg 

Standard Care Diabetic nephropathy — OR 0.27 .01    

∆ GFR nd +2 NS 
Gaede, 2003 45 8 y 130 nd MicroAlb 100%  

Intensive multiple 
risk interventiond

Conventional 
therapyd Diabetic nephropathy — HR 0.39 .003 

    

Gaede, 
2003 489 4 wk 31 102 

MacroAlb 16% 
MicroAlb 84%  Aspirin 150 mg Placebo ∆ AER (mg/d) 201 (205) +2.0% NS 

Gaede, 
2001 490 4 wk 29 SCr 1.0 

MacroAlb 31% 
MicroAlb 69%  

Vit C 1250 mg 
Vit E 680 IU 

Placebo ∆ AER (mg/d) 112 (112) +19% .04 

∆ CCr (mL/min) 87 (88) +8 NS Hoshino, 
2002 494 18 mo 16 88 MicroAlb 100%  Ibudilast 30 mg No treatment 

UAE (mg/g) 72 (62) -47 <.05 
Manning, 
2003 493 6 mo 46 nd MicroAlb 26%  

Premarin 0.625 mg 
Provera 2.5 mg 

Placebo ∆ ACR (mg/g) 25 (5) 0 NS 

∆ CCr (mL/min) 68 (58) -0.54 NS Shindo, 
1993 495 2 wk 23 63 

MacroAlb/MicroAlb 
100%  Iloprost 10 mcg No treatment 

∆ AER (mg/d)  255 (231) -129 nde 
a Maximum daily dose. 
b Baseline value of outcomes in the treatment (comparator) arm. 
c 2% Type 1 diabetes. 
d Intensive versus Conventional: Hypoglycemic agent/insulin 88% vs 72%; ACE Inhibitor/ARB 84% vs 44%; Statin 57% vs 14%; Aspirin 58% vs 35%; Vitamin/mineral supplement 42% vs 0%. 
e P value significant in the treatment arm for before versus after treatment. 
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Recommendations for Diabetes and CKDS118
vents, as well as reducing progression of kidney
isease (Background, Guidelines 2 to 4). Treat-
ents, such as aspirin and �-blockers, which are

nown to reduce CVD risk in other high-risk
opulations, should be strongly considered in
hose with diabetes and CKD.

A normal BMI (18.5 to 24.9 kg/m2) may
educe the risk of loss of kidney function
nd CVD. (Opinion)
Estimates from the NHANES indicate that

1% of the US population is obese (BMI � 30
g/m2),214 and obesity is a risk factor for diabe-
es, hypertension, and CVD. There is a growing

55
5

273
8

292
0

310
3

84 10096

41
59

13
19

1
8

group

p

55
5

273
8

292
0

310
3

84 10096

41
59

13
19

1
8

group

p

2 2.52 2.5

Figure 26. Reduction of end points
with intensive multifactorial therapy in
the Steno 2 Study.
Kaplan-Meier estimates of (A) the com-
posite end point of death from cardiovas-
cular causes, nonfatal myocardial infarc-
tion, coronary artery bypass grafting,
percutaneous coronary intervention,
nonfatal stroke, amputation, or surgery
for peripheral atherosclerotic artery dis-
ease in the conventional-therapy group
and intensive-therapy group and (B) rela-
tive risk (RR) of the development or
progression of nephropathy, retinopa-
thy, and autonomic and peripheral neu-
ropathy during the average follow-up of
7.8 years in the intensive-therapy group
compared with the conventional-therapy
group. P in A was calculated with use of
the log-rank test. The bars in A show
standard errors. Abbreviation: CI, confi-
Table 48. Summary of Steno Trial Multifaceted
Intervention for Diabetes and CKD45,46

Treatment Goals 

Systolic blood pressure < 130 mm Hg 

Diastolic blood pressure < 80 mm Hg 

Glycosylated hemoglobin < 6.5% 

Total cholesterol < 175 mg/dL 

Triglycerides < 150 mg/dL 

ACE inhibitor or ARB irrespective of blood pressure 

Aspirin irrespective of prevalent vascular disease 

Smoking cessation 
A

B
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Nephropathy

Retinopathy

Autonomic neuropathy

Peripheral neuropathy

Relative risk (95% CI) P

0 0.5 1 1.5

0.39 (0.17 – 0.87) 0.003

0.42 (0.21 – 0.86) 0.02

0.37 (0.18 – 0.79) 0.002

1.09 (0.54 – 2.22) 0.66

Nephropathy

Retinopathy

Autonomic neuropathy

Peripheral neuropathy

Relative risk (95% CI) P

0 0.5 1 1.5

0.39 (0.17 – 0.87) 0.003

0.42 (0.21 – 0.86) 0.02

0.37 (0.18 – 0.79) 0.002

1.09 (0.54 – 2.22) 0.66
nal therapynal therapy
dence interval. Reproduced with permis-
sion.45
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Multifaceted Approach to Intervention in Diabetes and Chronic Kidney Disease S119
ody of evidence that obesity also is a risk factor
or CKD.215-221 Whether that risk is independent
f diabetes, hypertension, or other risk factors is
ot yet clear. Nevertheless, obesity is associated
ith the development of proteinuria and loss of
idney function. The development of metabolic
isk factors, as well as adipocyte-derived factors,
n response to obesity may lead to kidney dam-
ge, albuminuria, and loss of glomerular filtra-
ion rate (GFR). Mechanisms that may play a
ole in the relationship between obesity and
KD are summarized in Table 49. Maintaining a
ormal BMI (18.5 to 24.9 kg/m2) reduces vari-
us risk factors for CKD and CVD, which may
ecrease the development or progression of these
iseases. Weight loss should be achieved by a
alanced reduction in calorie intake, rather than
y diets that derive the majority of calories from
nimal protein (Guideline 5). Weight manage-
ent should include a plan for regular physical

xercise.

LIMITATIONS

Multifaceted intervention includes components
hat may not be directly beneficial for kidney-
elated outcomes. Because RAS inhibitors are a
ajor component of the intensive intervention,

mportance of the other components is uncertain.
he design of the multifaceted intervention makes

t difficult to determine which facets are associated
ith reduced risk. Whether people already treated
ith RAS inhibitors would benefit from intensive

ntervention was not addressed.
Generalizability of this intervention to other

linical settings is unknown. Importantly, studies
f multifaceted intervention have been per-

Table 49. Proposed Mechanisms for Associations
Between Obesity and CKD100,177,214,215,219,221,492

Physical compression of the kidneys by visceral obesity 

RAS activation 

Hyperinsulinemia 

Sympathetic activation 

Overnutrition 

Glomerular hyperfiltration 

Proteinuria-associated kidney damage 

Blood pressure elevation 
ormed only in patients with type 2 diabetes with i
icroalbuminuria. Although multifaceted inter-
ention seems likely to benefit people with type
diabetes and CKD, or later stages of CKD in

ype 2 diabetes, this opinion is based solely on
xtrapolation. Prospective studies are required to
etermine benefits and risks of multifaceted inter-
ention across stages of CKD in both types 1 and
diabetes.
Studies of various treatments with the poten-

ial to influence CKD (albuminuria) in the setting
f diabetes were reviewed. However, these treat-
ents were either ineffective (hormone therapy
ith estrogen/progestin in postmenopausal
omen)493 or the studies were inconclusive (pros-

aglandin analogues).494,495 Whether additional
ypes of treatment will provide incremental ben-
fit to the previously described multifaceted inter-
ention is unknown.
The health benefits of maintaining a normal

MI are not defined in people with diabetes and
KD. Optimal targets for BMI and weight loss

hould be determined.

IMPLEMENTATION ISSUES

The Steno intensive intervention study is a
odel for a multidisciplinary team approach to

are of people with diabetes and microalbumin-
ria. This specialty clinic–based approach is used
uccessfully for other medical conditions (eg,
eart failure and human immunodeficiency virus/
cquired immune deficiency syndrome [HIV/
IDS] care), but it requires a critical mass of
atients and the presence of specially trained
ealth care personnel.
Other types of interventions that have been

sed for guideline implementation include com-
uter reminders, provider feedback, and provider
ncentives. Because of the multifaceted compo-
ents to the care of both diabetes and CKD, the
linical team approach may be the most effective
n settings where feasible. These teams typically
re established by large health care organiza-
ions.

Prevention and treatment of obesity are major
ublic health concerns. Effective, safe, and sus-
ained weight loss interventions are elusive, and
he impact on relevant clinical outcomes is un-
lear. A longitudinal clinical team approach may
e an effective strategy for treatment of obesity

n the setting of diabetes and CKD.
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CLINICAL PRACTICE RECOMMENDATION 3: DIABETES AND

CHRONIC KIDNEY DISEASE IN SPECIAL POPULATIONS
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The increasing incidence of diabetes in chil-
ren, young adults, the elderly, and members
f disadvantaged and transitional populations
s responsible for an increasing incidence of
KD in these groups. Racial/ethnic differ-

nces in susceptibility to DKD also may play a
ole. In pregnant women, the presence of dia-
etes and CKD may adversely affect the health
f both the mother and her offspring.

.1 Screening and interventions for diabetes
and CKD should focus on populations at
greatest risk. (C)

.2 Although management of diabetes and
CKD in special populations should follow
the same principles as management in the
majority population, there are special
considerations in the treatment of chil-
dren, adolescents, and the elderly. (C)

.3 Population-based interventions may be
the most cost-effective means for address-
ing the burden of CKD in special popula-
tions. Implementation and evaluation of
population-based interventions should
take into account the heterogeneity of the
populations at risk. (C)

.4 Specialists in high-risk pregnancy and
kidney disease should co-manage preg-
nancy in women with diabetes and CKD.
(C)

.5 Treatment of DKD with RAS inhibitors
before pregnancy may improve fetal and
maternal outcomes, but these medicines
should be discontinued as soon as a men-
strual period is missed or after a positive
pregnancy test. (C)

.6 Insulin should be used to control hypergly-
cemia if pharmacological therapy is neces-
sary in pregnant women with diabetes
and CKD. (C)

BACKGROUND

This CPR addresses 4 distinct, but overlap-
ing, groups with diabetes and CKD: children
nd adolescents, pregnant women, the elderly,
nd members of disadvantaged and transitional
opulations. The latter group is made up predomi-
antly, but not exclusively, of people from less-

eveloped countries undergoing economic and a

American Journal of Kidney Diseas120
ocial change and by racial and ethnic minorities
n developed countries.

In the United States, the burden of diabetes
nd CKD is borne disproportionately by ethnic
nd racial minorities. Worldwide, populations of
eveloping countries appear to be at greatest risk
f developing diabetes and CKD during the next
everal decades. Early intervention in these high-
isk populations provides the best opportunity
or reducing the morbidity and mortality associ-
ted with diabetes and CKD. Children79 and
lderly people496 who are members of these
opulations appear to be at particularly high risk
f morbidity associated with DKD. Moreover,
he number of young women with diabetes who
ecome pregnant and already have kidney dis-
ase is increasing, yet little is known about the
ffect of diabetes and CKD on these women or
n their offspring.
This CPR describes the burden of diabetes and

KD in special populations and suggests strate-
ies for improving care in these highly suscep-
ible groups. Maternal and fetal outcomes among
regnant women with type 1 diabetes and CKD
lso are described. However, few studies have
valuated the benefit of treating pregnant women
ho have diabetes and CKD with interventions

imed at decreasing the risk of maternal and fetal
dverse outcomes, and none of these studies
ncluded women with type 2 diabetes or with
KD stage 5 treated by either kidney transplanta-

ion or dialysis.

RATIONALE

The worldwide epidemic of diabetes
isproportionately affects the developing
orld. (Strong)
The global burden of diabetes is expected to

ouble between 2000 and 2030, with the greatest
ncreases in prevalence occurring in the Middle
ast, sub-Saharan Africa, and India.19 Much of

his increase will be driven by urbanization and
he increase in the population older than 65
ears. Countries with the highest numbers of
stimated cases of diabetes in 2000 and projec-
ions for 2030 are shown in Table 50. Develop-
ent of diabetes during the childbearing years
lso will increase, primarily in the developing

es, Vol 49, No 2, Suppl 2 (February), 2007: pp S120-S130
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ountries (Fig 27).19 Projections of the future
urden of diabetes in the US population suggest
hat the prevalence of diabetes will increase
65% between 2000 and 2050, from 11 to 29
illion, with the greatest increases in the popula-

ion older than 75 years and among African
mericans.18

As the population of patients with diabetes
ith significant duration of disease grows, re-
orts of a dramatically increasing burden of
iabetic CKD are appearing from Africa,22,23

ndia,24 Pacific Islands,25 and Asia,26,27 where
nfectious disease previously posed the greatest
hreat.28 Increased risk and more rapid progres-
ion of DKD29,30 also have been reported in
mmigrants to Europe from South Asia.31,32

Minorities bear a disproportionate burden
f diabetic CKD in the United States.
Strong)

Disparities in the incidence of diabetic CKD
tage 5 among racial/ethnic groups in the United
tates have existed for many years, but the
agnitude of these disparities has increased in

ecent years (Fig 28). Between 1999 and 2002, a
otal of 35% of the new cases of CKD stage 5 due
o diabetes in the United States were members of
acial minorities, with incidence rates 4 times as
igh among African Americans and Native
mericans than among whites.4 Excess burden
f CKD also is well documented among Pacific
slanders497,498 and Hispanics.499 Several stud-
es suggest a greater risk and more rapid develop-

ent of DKD in racial minorities, and these

Table 50. Countries With the Highest Number
tudies attribute the increased susceptibility to c
oth genetic factors496,500-503 and socioeco-
omic barriers, including decreased access to
are.504

Special populations may demonstrate
ifferent patterns of comorbid conditions
nd a different course of CKD than the
ajority population. (Moderate)
The natural history of diabetic complications
ay be falsely perceived as benign when diabe-

es first emerges as a major problem in a popula-
ion because few people will have diabetes of
ufficient duration to develop the usual complica-
ions.505 Nevertheless, once diabetes has estab-
ished itself, differences in the rate of develop-
ent and frequency of diabetic complications,

ncluding CKD, have emerged among racial/
thnic groups.82,506,507 These differences may be
ttributable to such factors as age at onset of
iabetes,82 diet, exercise patterns, living condi-
ions, access to medical care, education, infec-
ions, environmental toxins, and inherited suscep-
ibility.

The frequency of nondiabetic CKD differs
mong special populations with diabetes.
Moderate)

Higher rates of non-DKD in people with diabe-
es have been documented in Zuni Indians508 and
borigines,509 emphasizing the importance of a

areful diagnostic evaluation in patients with
iabetes from high-risk groups. In populations
ith decreased access to care, when care is often

eceived only late in the course of disease, the

timated Cases of Diabetes for 2000 and 2030
s of Es
ause of kidney disease may be attributed, by
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efault, to the most common cause in that group
eg, hypertension in African Americans510 and
ype 2 diabetes in Native Americans) without
dequate investigation.

Diabetes and CKD are increasing among
hildren and adolescents.
Strong/Moderate)

The worldwide increase in childhood obesity
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Figure 27. Estimated number of adults with diabetes
y age group and year for the developed and developing
ountries and for the world.
eprinted with permission.19
as increased the prevalence of type 2 diabetes r
mong children and adolescents.511 Whereas all
opulations in the United States have shown
ramatic increases in the overall prevalence of
besity (�10% in 2- to 5-year-olds and �15% in
- to 19-year-olds), the greatest increases have
ccurred in ethnic and racial minorities.512 At the
ame time, there has been a worldwide increase
n the incidence of type 1 diabetes, particularly
mong children younger than 5 years old.17 Given
hat duration of diabetes, rather than age of onset,
s the more predominant risk factor for DKD,
ncreasing rates of both type 1 and type 2 diabe-
es in children and adolescents undoubtedly will
ead to an increase in DKD in these age groups, a
nding that is already being reported in some
opulations.79,80,82

In many racial/ethnic groups, type 2 diabetes
as already become—or is rapidly becoming—
he predominant cause of childhood diabe-
es.72,513,514 While optimal treatment of child-
ood type 2 diabetes is essential to reduce the
urden of DKD, public health interventions that
romote proper diet and increase exercise may
ffer the best opportunity to reduce disease bur-
en through primary prevention of obesity and
iabetes.71

Children and adolescents with diabetes
nd CKD have special treatment
onsiderations. (Weak/Opinion)
CKD stage 3 or greater due to DKD is rare in

hildren and adolescents. Also, children and ado-
escents are more likely to revert from microalbu-

inuria to normoalbuminuria than adults (see
uideline 1). Nonetheless, those children and

dolescents with diabetes and CKD pose a num-
er of unique concerns. Accordingly, specialists
n diabetes and kidney disease with experience in
hese age groups should be involved in their care.
ata regarding treatment of hyperglycemia, hy-
ertension, and dyslipidemia in children with
iabetes and adolescents with CKD are almost
onexistent. However, therapeutic lifestyle
hanges (diet, exercise, and weight loss, when
ppropriate) are prudent for each of these risk
actors. In the opinion of the Work Group, treat-
ent goals for glycemia in type 1 diabetes and
KD should follow the American Diabetes Asso-
iation (ADA) Standards of Care for children
nd adolescents (Table 51).174 Given the greater

isk of hypoglycemia in those with decreased
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idney function, treatment goals must be care-
ully individualized. In patients with type 2 dia-
etes, therapeutic lifestyle changes should be the
nitial interventions for hyperglycemia.513 If life-
tyle changes do not succeed in achieving a goal
f near-normal glycemia (HbA1c � 7%), drug
herapy should be initiated.513 Although the ADA
ecommends oral agents as first-line therapy for
hildren or adolescents with type 2 diabetes, only
etformin is approved by the Food and Drug
dministration (FDA) for this use—and only in

hildren older than 10 years. However, met-
ormin should be avoided in children and adoles-
ents with diabetes and CKD. Cautions regard-
ng the use of other oral agents in children and
dolescents with diabetes and CKD are the same

Table 51. Plasma Blood Glucose and H

Plasma Blood Glucose Goal Ran
(mg/dL) 

Values by age (y) 
Before 
Meals

Bedtime/Overnig

Toddlers and preschoolers (<6) 100-180 110-200 

School age (6-12) 90-180 100-180 

Adolescents and young adults 
(13-19) 

90-130 90-150 

 :slaog cimecylg gnittes ni stpecnoc yeK
Goals should be individualized and lower goals may be reasona
assessment 
Blood glucose goals should be higher than those listed in childr
hypoglycemia or hypoglycemia unawareness 
Postprandial blood glucose values should be measured when th
preprandial blood glucose values and HbA1c levels 

*A lower goal (<7.0%) is reasonable if it can be achieved without e

Figure 28. Adjusted incident rates of CKD stage 5 due
ncident CKD stage 5 patients adjusted for age and gende
rst full year after the April 1995 introduction of the revised M
ace and ethnicity. The data reported here have been supp
nd reporting of these data are the responsibility of the a

nterpretation of the US government.4
Reprinted with permission.174
s those described for adults (Guideline 2, Table
2), with the exception that TZDs should not be
sed because of concerns about liver toxicity due
o the experience with troglitazone.

According to the NKF-KDOQI™ CPGs on
ypertension and Antihypertensive Agents in
KD, the target blood pressure in children and
dolescents with CKD is less than the 90th percen-
ile for age, sex, and height or less than 130/80
m Hg, whichever is lower.5 The ADA recom-
ends a similar goal in children and adolescents
ith diabetes.174 Therefore, in the opinion of the
ork Group, a target blood pressure less than the

0th percentile for age, sex, and height or less
han 130/80 mm Hg, whichever is lower, should
e applied to children and adolescents with both

oals for Type 1 Diabetes by Age Group

HbA1c  elanoitaR )%( 
≤8.5 (but ≥ 7.5) • High risk and vulnerability to 

hypoglycemia 
<8 • Risk of hypoglycemia and relatively low 

risk of complications before puberty 
<7.5* • Risk of hypoglycemia 

• Developmental and psychological issues 
 

d on benefit-risk 

 frequent 

disparity between 

 hypoglycemia  

etes by race/ethnicity.
ispanic patients, we present data beginning in 1996, the

Evidence form, which contains more specific questions on
the US Renal Data System (USRDS). The interpretation

s) and in no way should be seen as an official policy or
bA1c G
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KD and diabetes. Although not approved for
se by the FDA, both the NKF and the ADA
uggest that ACE inhibitors are the drugs of
hoice for treatment of blood pressure in chil-
ren and adolescents with diabetes and/or
KD.5,174 ARBs are reasonable alternatives if
CE inhibitors are not tolerated.5 Adolescent
irls must be counseled fully and repeatedly
bout pregnancy prevention while on ACE inhibi-
ors or ARBs and about immediate discontinua-
ion of these agents should pregnancy be sus-
ected.
Drug therapy should be considered for either

evere hypertriglyceridemia (triglycerides � 500
g/dL) or marked elevations in LDL-C (�160
g/dL) that are unresponsive to control of hyper-

lycemia or therapeutic lifestyle changes as out-
ined in the NKF-KDOQI™ CPGs on Managing
yslipidemias in CKD.6 Fibric acid derivatives

re the preferred agents for hypertriglyceride-
ia, but they are not FDA approved for use in

hildren or adolescents. Statins are preferred for
levated LDL-C levels, and atorvastatin has re-
eived FDA approval for use in children and
dolescents with familial hypercholesterolemia.
he ADA suggests an LDL-C target of less than
00 mg/dL in children and adolescents with
iabetes.174 Adolescent girls must be counseled
ully and repeatedly about pregnancy prevention
hile on statin therapy and about immediate
iscontinuation of these agents should preg-
ancy be suspected.
Children and adolescents should be referred to
registered dietitian experienced in managing

iabetes and CKD in this age group. For those
ho are obese, weight loss strategies should

nclude both increased physical activity and a
ell-balanced diet. As per Guideline 5, high-
rotein diets (�20% of calories) should be
voided in children and adolescents with diabe-
es and CKD. However, low-protein diets (�10%
f calories) also should be avoided because of
oncerns about providing adequate nutrition for
rowth and development and because proof of
fficacy is lacking in this age group.

Elderly people with diabetes and CKD
ave special treatment considerations.
Weak/Opinion)

Elderly people with diabetes and CKD often

ave a number of comorbidities, particularly t
VD, as well as cognitive and functional im-
airments. Therefore, the benefits of intensive
isk factor management should be considered
udiciously in light of these increased risks.
ecause hypoglycemia and hypotension are
articular concerns, less intensive goals should
e considered based on individual circum-
tances. Drug therapies for hyperglycemia, hy-
ertension, and dyslipidemia can be used as in
ther patients with diabetes and CKD. How-
ver, drugs should be started at low doses and
arefully titrated to monitor for responses and
ide effects.

The greater frequency of comorbid conditions
n the elderly with diabetes is responsible for a
reater prevalence of elevated albuminuria unre-
ated to DKD. Accordingly, the appearance of
levated albuminuria is less likely to be a sign of
rogressive kidney disease, even in those with
iabetes of long duration.515 GFR may be a more
pecific marker of DKD in the elderly compared
ith albuminuria.516 Development of diabetic

omplications, including CKD, is associated
trongly with mortality in elderly people,517 and
oor outcomes are associated with nonadherence
o the medical regimen.518 The high cost for
aring for elderly people with CKD may be
educed through the aggressive management of
VD.519

The presence of microalbuminuria in
regnant women with type 1 diabetes
ncreases risks of adverse maternal and
hild outcomes, including preeclampsia
nd preterm delivery. Macroalbuminuria
urther increases these risks and also may
ncrease risk of perinatal mortality.
Strong/Moderate)

Case-control and cohort studies involving more
han 1,300 pregnant women with type 1 diabetes
ere reviewed to identify adverse maternal and

hild outcomes in pregnancies complicated by
oth diabetes and CKD (Table 52) and the predic-
ors of these adverse outcomes (Table 53). All
ntries in the summary tables refer to these
tudies in type 1 diabetes. Microalbuminuria
ncreases risks of preeclampsia and preterm deliv-
ry up to 8 times.520,521 Macroalbuminuria fur-
her increases these risks to more than 30

imes522-524 (Table 52). Macroalbuminuria also



Table 52. Adverse Maternal and Child Outcomes in Pregnancies Complicated by Diabetes and CKD

Maternal Outcomes (%a) Child Outcomes (%a)

Author, Year Population N
Applic-
ability Morta-

lity 
Pre-

eclampsia 
Cesarean 
Section Other

Morta-
lity Malformation 

Preterm 
Birth 

ICU
Stay/RDS 

S
G
A

Qua-
lity

White Class F 67  57        
White Class NF 616  24        Hiilesmaa, 2000 521

No DM 854  8        
    

White Class F 46  65 76 CKD Stage 5: 26 9 11 22 20 
Miodovnik, 1996 557

White Class NF 136 9 69 CKD Stage 5: 0 1 6 10 8 
 

DM/Macroalb 11  64 0 9 45 45
DM/Macroalb 26  42 4 4 23 4Ekbom, 2001 520

DM/Macroalb 203 6 1.5 2.5 6 2
 

DM/Nephropathy 
CCr <80 mL/min 

10   100 0 20 60 50 30
b

DM/Nephropathy 
CCr >80 mL/min 

26   80 0 0 19 15 19
b

Kimmerle, 1995 524

DM/No nephropathy 110 64 0 1 3 1 2 

 

DM/Alb/Nl Cr Pregnant c 26    
∆ CCr -3.2 d 

Alb 786 e
CKD Stage 5: 23 

     

Rossing, 2002 558

DM/Alb/Nl Cr  
Not pregnant c

67    
∆ CCr -3.2 d 

Alb 882 e
CKD Stage 5: 24 

     

 

DM/Proteinuria 86     3.5  29 70 14 
Sibai, 2000 526

DM/No proteinuria 376 2.1  13 46 3
 

White Class F 23     17  Nielsen, 1997 528

White Class NF 138     9    
 

White Class F+R 32       34  25 
DM Type 1 296     3.0 5.4 19 49 5.8 

Vaarasmaki, 
2000 527

No DM or CKD 44,678    0.7 0.7 5 7 2.3 
 

White Class F+R 20  47        Vaarasmaki, 
2002 559 White Class B nd  6        

 

DM/Nephropathy/ 
Elevated SCr/ 

Pregnant 
11    

∆ 1/SCr -2.99 f
(partum) 

∆ 1/SCr -8.13 f (post-
partum) 

    

Purdy, 1996 532

DM/Nephropathy/ 
Elevated SCr/ 
Not pregnant 

111 ∆ 1/SCr -1.03 f

 

i

i

(Continued)

D
iabetes

and
C

hronic
K

idney
D

isease
in

S
pecialP

opulations
S

125



a
s
m
t
p
t
b
m
t
w
b
n

1
w
a

g
c
i
i
a
G
r
e

p
u

d
p
e
i
o
m
w
t
w

a
d

m
d
w

T
ab

le
52

(C
o

n
t’

d
).

A
d

ve
rs

e
M

at
er

n
al

an
d

C
h

ild
O

u
tc

o
m

es
in

P
re

g
n

an
ci

es
C

o
m

p
lic

at
ed

b
y

D
ia

b
et

es
an

d
C

K
D

M
at

er
na

l O
ut

co
m

es
 (%

a )
C

hi
ld

 O
ut

co
m

es
 (%

a )

ut
ho

r, 
Ye

ar
 

Po
pu

la
tio

n
N

A
pp

lic
-

ab
ili

ty
 

M
or

ta
-

lit
y 

Pr
e-

ec
la

m
ps

ia
 

C
es

ar
ea

n 
Se

ct
io

n 
O

th
er

M
or

ta
-

lit
y 

M
al

fo
rm

at
io

n 
Pr

et
er

m
 

B
irt

h 
IC

U
St

ay
/R

D
S 

S G A

Q
ua

-
lit

y

D
M

/N
ep

hr
op

at
hy

 
10

 
 

60
60

 
10

 
60

30
50

ie
se

nb
ac

h,
 

00
0

52
2

D
M

/N
o 

ne
ph

ro
pa

th
y 

30
 

6
60

 
0 

0
0

0
 

D
M

/N
ep

hr
op

at
hy

 
SC

r =
 1

.4
-2

.8
 m

g/
dL

 
11

 
 

 
 

 
45

g
M

ed
ia

n
31

 +
 2

 w
k 

10
0

h

ac
ki

e,
 1

99
6 

53
1

D
M

/N
ep

hr
op

at
hy

 
SC

r <
1.

4 
m

g/
dL

 
13

 
 

 
 

8
g

M
ed

ia
n

36
 +

 4
 w

k 
38

h

 

ot
e:

 W
hi

te
’s

 c
la

ss
ifi

ca
tio

n:
 C

la
ss

 B
, i

ns
ul

in
-re

qu
iri

ng
 D

M
 o

ns
et

 a
fte

r 2
0 

ye
ar

s 
of

 a
ge

 w
ith

 d
ur

at
io

n 
le

ss
 th

an
 1

0 
ye

ar
s;

 C
la

ss
 F

, i
ns

ul
in

-re
qu

iri
ng

 d
ia

be
te

s 
w

ith
 d

ia
be

tic
 n

ep
hr

op
at

hy
; C

la
ss

 N
F,

 in
su

lin
-re

qu
iri

ng
 d

ia
be

te
s 

ith
ou

t d
ia

be
tic

 n
ep

hr
op

at
hy

; C
la

ss
 R

, i
ns

ul
in

-re
qu

iri
ng

 D
M

 w
ith

 p
ro

lif
er

at
iv

e 
re

tin
op

at
hy

. 
bb

re
vi

at
io

ns
: D

M
, d

ia
be

te
s 

m
el

lit
us

. 
 B

ol
d 

va
lu

es
 a

re
 s

ig
ni

fic
an

t ly
 d

iff
er

en
t f

ro
m

 e
ac

h 
ot

he
r. 

 N
o 

st
at

is
tic

al
 d

iff
er

en
ce

 b
et

w
ee

n 
2 

gr
ou

ps
 w

ith
 n

ep
hr

op
at

hy
. 

 1
6-

ye
ar

 fo
llo

w
-u

p.
 

 m
L/

m
in

/y
. 

 m
g/

24
 h

, u
nc

le
ar

 ti
m

e 
fra

m
e.

 
 

dL
/m

g/
m

o.
 

 S
po

nt
an

eo
us

 a
bo

rti
on

s 
or

 th
er

ap
eu

tic
 a

bo
rti

on
s 

fo
r m

ul
tip

le
 c

on
ge

ni
ta

l m
al

fo
rm

at
io

ns
 o

r d
ea

th
 a

t 9
 m

on
th

s 
po

st
pa

rtu
m

 w
ith

 m
ul

tip
le

 c
on

ge
ni

ta
l m

al
fo

rm
at

io
ns

 (1
 b

ab
y 

of
 m

ot
he

r w
ith

 im
pa

ire
d 

ki
dn

ey
 fu

nc
tio

n)
. 

 O
f l

iv
e 

bi
rth

s.
 

   
Sp

on
ta

ne
ou

s 
ab

or
tio

ns
 a

nd
 m

al
fo

rm
at

io
ns

. 

Recommendations for Diabetes and CKDS126
ppears to increase the risk of preterm birth,
mall-for-gestational-age infants, and perinatal
ortality independent of preeclampsia.525-527 Fur-

hermore, higher HbA1c in the first trimester of
regnancy increases the risk of major malforma-
ions (Table 53).528 Therefore, women with dia-
etes and CKD who are pregnant should be
onitored and treated as high-risk patients. In

he opinion of the Work Group, pregnant women
ith diabetes and CKD should be co-managed
y specialists in high-risk pregnancies and kid-
ey disease.

Albuminuria in pregnant women with type
diabetes does not increase the risk of
orsening of DKD unless kidney function
lso is impaired. (Strong/Moderate)
Only a few studies have explored the pro-

ression of DKD in pregnant women. Clini-
ally significant worsening of kidney disease
s apparent only in women who already have
ncreased baseline levels of serum creatinine
nd albuminuria. These patients have a greater
FR decline during pregnancy and a higher

isk of progression to CKD stage 5 after deliv-
ry.520,524,529-532

The effect of CKD on the outcome of
regnancy in women with type 2 diabetes is
nknown. (Opinion)
Due to the increasing prevalence of type 2

iabetes in younger women, some may become
regnant after the development of kidney dis-
ase. In the absence of data regarding pregnancy
n women with type 2 diabetes and CKD, it is the
pinion of the Work Group that they should be
anaged according to the same principles as
omen with type 1 diabetes and CKD because

heir risks are likely to be at least as great as in
omen with type 1 diabetes.

Medical management of CKD should be
djusted during pregnancy in women with
iabetes. (Weak/Opinion)
Recommendations regarding the medical
anagement of hypertension, hyperglycemia,

yslipidemia, and nutrition in pregnant women
ith diabetes and CKD are outlined in Table
54.A B 2 M N w A a b c d e f g h i



Table 53. Predictors of Adverse Maternal and Child Outcomes in Pregnancies Complicated by Diabetes and CKD

Number of Pregnant Women
Author, Year 

High-Risk Category Diabetes 
Applicability Predictor Outcome Univariate Multivariate Quality 

Miodovnik, 1996 557 White Class F 46   HbA1c CKD Stage 5 Trend  

CCr, 1st trimester P = .006 
DBP, 3rd trimester P = .01 

 SN PBS
 SN lortnoc cimecylG

Kimmerle, 1995 524 Diabetes / Nephropathy 36  

Proteinuria 

Gestational age at delivery 

NS
Preterm birth  2.6 (1.5-4.6) 

 )81-7.2( 4.5  AGS
Neonatal ICU  2.6 (1.5-4.4) 

Sibai, 2000 526 Diabetes / Proteinuria 86 462 Proteinuria 

Perinatal death  1.8 (0.5-6.8) 

Nielsen, 1997 528 White Class F 23 54 a White class F Spontaneous abortion + malformation  2.2 (0.4-11)a

 33.0- = r )yad/g( airunietorP P = .025 
 93.0- = r )Ld/gm( rCS P = .009 

HbA1c

Gestational age at delivery 
NS

 73.0- = r )rh 42/g( airunietorP P = .01 
 53.0- = r )Ld/gm( rCS P = .02 

Gordon, 1996 523 White Class F 45  

HbA1c

Birth weight 
NS

 

Vaarasmaki, 2000 527 White Class F + R 32 296 White class F+R Adverse fetal outcome 2.8 (1.6-4.8)   

HTN, pre-existing P = .0004  
  SN rCCBar, 1999 536 Diabetes / Nephropathy 24  

Proteinuria 

Complication  
(pre-eclampsia, preterm delivery, IUGR) 

NS  
 

Purdy, 1996 532 Diabetes / Nephropathy / Elevated SCr 11  HbA1c Permanent worsened kidney function NS   

Reece, 1990 560 White Class F + R 10  SCr, preconception SCr, postdelivery NS   

Note: White’s classification: Class F, insulin-requiring diabetes with diabetic nephropathy; Class R, insulin-requiring diabetes with proliferative retinopathy. 
a Reference group is White class B. 
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Recommendations for Diabetes and CKDS128
ACE inhibitors and ARBs should be
topped at the first indication of possible
regnancy in women with diabetes and
KD. Methyldopa and labetolol are
referred antihypertensive agents during
regnancy. (Weak/Opinion)
Uncontrolled studies of women with diabe-

es, macroalbuminuria, and normal GFR who
ere treated with captopril, 37.5 to 75 mg/d,

or at least 6 months before pregnancy and
iscontinued immediately after a missed men-
trual period or a positive pregnancy test
howed no deterioration of kidney function 2
ears after delivery.536,537 ACE inhibitors and
RBs have adverse effects on the fetus during

he second and third trimester, including acute
idney failure in neonates, lung toxicity, and
kull hypoplasia.538 Emerging evidence sug-
ests that risk of fetal abnormalities (congeni-
al malformations of the cardiovascular sys-
em, central nervous system, and kidney) during
CE-inhibitor treatment extends to the first

Table 54. Management of Pregnant

 tnemtaerT rotcaF ksiR
Hypertension Preferred: 

Methyldopa 
Labetolol 

Add-on drugs: 
Hydralazine 

Long-acting calcium chann
blockers 

 nilusnI aimecylgrepyH

 enoN aimedipilrepyH

Nutrition Liberalize dietary protein to 
1.2 g/kg/d (preconceptio

weight)
rimester.539 Therefore, RAS inhibitors should h
e discontinued immediately after a missed
enstrual period or a positive pregnancy test

n women with diabetes and CKD.5 Women
nd adolescent girls with childbearing poten-
ial who are treated with RAS inhibitors should
e counseled about these risks.
Treatment of hypertension should follow the

uidelines adopted by the American College of
bstetrics and Gynecology.533 Because antihy-
ertensive therapy does not reduce the risk of
reeclampsia and may cause potential harm to
he fetus, hypertension should be treated cau-
iously. Based on extensive experience, meth-
ldopa has long been considered the drug of
hoice by many experts. Labetolol now also is
onsidered a preferred agent because com-
ined �- and �-blockade may better preserve
terine perfusion. �-Blockers are considered
easonable add-on or alternative therapies.
owever, some data suggest that atenolol early

n pregnancy may cause fetal growth retarda-
ion. Long-acting calcium channel blockers or

n With Diabetes and CKD174,533-535

 snoituaC laoG
Treat if blood pressure >140-

160/90-105 mm Hg 

Target blood pressure 
undetermined. Consider 
target of <130/80 mm Hg 
because of CKD. Avoid 

hypotension 

Stop ACE inhibitors and 
ARBs after first missed 

menstrual period or positive 
pregnancy test 

Atenolol may cause fetal 
growth retardation in first 

trimester

Avoid diuretics unless given 
for hypertension 

preconception and no 
evidence of preeclampsia. 

If diuretic is continued 
during pregnancy, dose 

should be reduced 
AbH 1c as close to normal as 

ossible (<1% above  upper limit 
of normal) 

Excessive hypoglycemia 

-dipil rehto dna snitats potS 
lowering drugs after first 

missed menstrual period or 
positive pregnancy test 
Wome

el 

p

1.0-
n 
ydralazine also are considered reasonable
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Diabetes and Chronic Kidney Disease in Special Populations S129
dd-on therapy. Diuretics usually are avoided
n pregnancy, particularly when there are con-
erns about preeclampsia. However, if a preg-
ant woman with chronic hypertension has
een treated with a diuretic before conception,
t is not necessary to discontinue the therapy as
ong as there are no signs of preeclampsia.
evertheless, most experts recommend reduc-

ng the diuretic dose and carefully monitoring
he patient.534,535

Insulin is the preferred pharmacological
herapy for hyperglycemia in pregnant
omen with diabetes and CKD. (Opinion)
Oral antidiabetic medicines have successfully

ontrolled hyperglycemia in women with type 2
iabetes during pregnancy, but these studies did
ot include patients with CKD.540,541 In the
pinion of the Work Group, insulin remains the
harmacological treatment of choice for hyper-
lycemia during pregnancy in women with diabe-
es and CKD, and goals for glycemic control
hould be the same as those for women without
KD.542-544

Dyslipidemia should not be treated during
regnancy in women with diabetes and
KD. (Opinion)
Pharmacological treatment of lipid abnormali-

ies during pregnancy is not currently recom-
ended due to potential risks to the fetus.545

evertheless, maternal hypercholesterolemia is
ssociated with the development of fetal athero-
clerosis,546 so this recommendation may change
s results of additional studies of statins and
ther agents during pregnancy become available.
owever, until such studies are available, it is

he opinion of the Work Group that statins and
ther lipid-lowering therapies should be discon-
inued after a missed menstrual period or a posi-
ive pregnancy test result in women with diabe-
es and CKD. Women and adolescent girls with
hildbearing potential who are treated with lipid-
owering therapies should be counseled about
hese risks.

Dietary protein intake should not be
estricted during pregnancy in women with
iabetes and CKD. (Opinion)
Limitation of dietary protein in women with
iabetes and CKD should be liberalized during t
regnancy to ensure adequate nutrition for the
etus. In the opinion of the Work Group, these
atients should be counseled to increase their
ntake of protein to 1 to 1.2 g/kg (prepregnancy
eight) per day.

Pregnant women with diabetes and CKD
tage 5 treated by kidney transplantation
r dialysis should be managed according to
he recommendations for earlier stages of
KD. (Opinion)
Pregnant women with diabetes and CKD stage
(kidney transplantation or dialysis) have not

een included in treatment studies. Therefore, in
he opinion of the Work Group, strategies for the
anagement of hyperglycemia, hypertension, and

yslipidemia may be extrapolated from the rec-
mmendations for women with earlier stages of
KD. The scope of the evidence review did not

nclude specific management of CKD stage 5 in
regnancy.

IMPLEMENTATION ISSUES

Population-based interventions in special
opulations, including systematic community
creening and surveillance, have been success-
ul in reducing the burden of DKD, particu-
arly when they are applied early in the course
f the disease.547,548 Such approaches, includ-
ng the NKF Kidney Early Evaluation Pro-
ram, are effective in identifying asymptom-
tic people with CKD from high-risk
opulations.549 Interventions targeted at high-
isk special populations and implemented in
he primary care and community settings have
educed the rate of diabetic complications,
ncluding CKD stage 5.550-552 Successful com-

unity-based model programs have been
mplemented in Australian Aboriginal commu-
ities553 and rural India.554

Poor access to care and late referral for neph-
ological intervention are associated with poor
utcomes in United States racial minorities.555

mproving outcomes for special populations will
equire not only changes in standards of clinical
are, but also efforts to improve access to care
or these high-risk groups. Understanding the
ultural and socioeconomic milieu of the target
opulations is essential for successful interven-

ions.556
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Recommendations for Diabetes and CKDS130
Addressing the increased burden of diabetes and
KD in developing countries where health re-

ources are severely limited will require creativity
nd collaboration with public health professionals.

nfortunately, the increase in diabetes and other t
hronic diseases is occurring in many countries that
re still experiencing a high prevalence of infec-
ious disease, including an increase in the burden of
IV/AIDS. Limited resources may be strained by
hese competing health problems.
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CLINICAL PRACTICE RECOMMENDATION 4: BEHAVIORAL
SELF-MANAGEMENT IN DIABETES AND CHRONIC
KIDNEY DISEASE
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Behavioral self-management in diabetes and
KD is particularly challenging because of

he intensive nature of the diabetes regimen.
ducation alone is not sufficient to promote
nd sustain healthy behavior change, particu-
arly with such a complex regimen.

.1 Self-management strategies should be key
components of a multifaceted treatment
plan with attention to multiple behaviors:
(C)
● Monitoring and treatment of glycemia,
● Blood pressure,
● Nutrition,
● Smoking cessation,
● Exercise, and
● Adherence to medicines.

BACKGROUND

The success of strategies to promote glyce-
ic control and minimize progression of CKD

epends upon patient self-management, or the
bility and willingness of the patient to change
nd subsequently maintain appropriate behav-
ors regarding diet, physical activity, medi-
ines, self-monitoring, and medical follow-up
isits. Adherence to complex regimens often is
oor. Interventions to enhance adherence re-
uire intensive education and behavioral coun-
eling. Maintenance of adherence requires on-
oing support from a variety of health care
rofessionals.

RATIONALE

Due to complexity of the behavioral
elf-management regimen for diabetes and
KD and high frequency of nonadherence,
lternative approaches to traditional
ducation should be considered.
Moderate/Weak)

Self-management requires intensive education
nd behavioral adjustments in many areas, as
ell as taking a variety of medicines.561 Given

he risks associated with diabetes and CKD,
eople with these conditions should engage in a
igorous self-monitoring regimen that typically

ncludes blood glucose and blood pressure; exam- p

merican Journal of Kidney Diseases, Vol 49, No 2, Suppl 2 (Febr
ning skin integrity; obtaining regular foot, eye,
edical, and dental examinations; and reporting

omplications to their health care providers. Glu-
ose self-monitoring is particularly important for
alancing physical activity and diet against medi-
ines to control glycemia and prevent or impede
he progression of complications.116,134,562-564

his regimen requires tremendous effort on the
art of the patient. Efforts to adopt new behav-
ors may fail due to inadequate knowledge; lack
f motivation; poor problem-solving skills; lim-
ted emotional, financial, and/or social resources;
r a disease-management regimen that exceeds
ognitive capacity. To our knowledge, no studies
ave specifically examined adherence of people
ith diabetes and CKD to self-management regi-
ens. However, the challenges of modifying

ehavior to achieve adherence and successful
elf-management for those with diabetes are well
stablished (Table 55).

A recent meta-analysis examining factors
hat influence adherence to disease manage-
ent regimens found that patients have the

east difficulty with circumscribed regimens
eg, medicines) and the most difficulty with
egimens requiring extensive behavior change
eg, dietary change). Perhaps because of the
xtensive behavior change required of those
ith diabetes, patients with diabetes had among

he lowest rates of adherence across a range of
7 disease states, second only to those with
leep disorders.565 A survey of 2,056 adults
ith diabetes from across the United States

ound the most frequently reported adherence
roblem was diet, followed by exercise and
lood glucose monitoring.566

Dietary habits that develop over a lifetime
an be particularly difficult to change. Indi-
idual perceptions of dietary restrictions, par-
icularly feelings of deprivation, are difficult
or patients and health care professionals to
ddress. In addition to personal eating prefer-
nces, many foods have social, cultural, and/or
eligious meaning to patients, making feelings
f loss even more significant. In addition, the
ietary regimen for diabetes and CKD is com-

lex. Ideal self-management requires vigilance

uary), 2007: pp S131-S138 S131



Table 55. Systematic Reviews of Behavioral Studies in People With Diabetes

Author,
Year

Dates
No. of 

Studies
 (N) 

Study Eligibility 
Criteria

 snoisulcnoC semoctuO snoitnevretnI

Efficacy of Self-Management Education 
Norris, 
2002 593

1980-
1999

31
(4,263) 

RCT
Type 2 diabetes, adults 

GlycoHb outcome 
English language 

  :yb desaerced bHocylG bHocylG  lanoitacudE
0.76% during or immediately after intervention (significant) 

0.26% at 1-3  mo after intervention (non-significant)  
0.27% at ≥4  mo after intervention (significant) 

Greatest effect in studies with the most interventionist contact time 
Intervention effects diminish after intervention is withdrawn 

Steed, 
2003 594

1980-
2001

36
(4,661) 

Clinical trial  
Type 1 or 2 diabetes, 

adults 
English language 

Educational  
Self-management 

Psychological 

QOL or 
psychological well-

being
Self-management 

Interventions to reduce depression may enhance self-management 
Psychological interventions reduce depression more than educational or self-

management 
Interventions resulting in improved psychological well-being or QOL had both 

short- and long-term effects  
Norris, 
2001 576

1980-
1999

72
(9,682) 

RCT
Type 2 diabetes, adults 

English language 

Knowledge/information 
Lifestyle behaviors (diet/exercise) 

Skill development (glucose 
monitoring, foot care) 

Coping skills 

GlycoHb  
QOL

Knowledge
Dietary change 
Physical activity 
Psychological 

measures

14 of 54 studies reporting GlycoHb found improvements 
Knowledge not consistently associated with improvements in glycemic control  
Studies with a shorter follow-up (≤6 mo) demonstrated greater effectiveness 

Collaborative interventions showed more favorable results than didactic 
approaches, especially if repetitive and ongoing 

Lifestyle interventions generally failed to show improvements 

Adherence
DiMatteo, 
2004 565

1948-
1998

569 total,  
23 diabetes 

(1,536) 

Cross-sectional studies 
(Types 1 and 2 diabetes, 

adults and children) 
Adherence to 

recommendations 
outcome 

Excluded intervention 
studies 

English language 

Recommendations for routine 
clinical care 

Adherence to 
recommendation 

Average nonadherence rate in studies of diabetes is 32% 
Across a range of 17 disease conditions, patients with diabetes had the second 

lowest rates of adherence 
Among all 17 disease conditions, patients most adherent to circumscribed 

regimens (eg, medication: 79%), – least to those requiring pervasive behavior 
change (eg, diet: 59%) 

Among all 17 disease conditions, education positively correlated with adherence in 
chronic disease 
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Author,
Year

Dates
No. of 

Studies
 (N) 

Study Eligibility 
Criteria

 snoisulcnoC semoctuO snoitnevretnI

Cramer
2004 570

1966-
2003

20
(328,095 

retrospective;  
254

prospective) 

All study designs 
Type 2 diabetes, implied 

Drug dosing regimen 
specified 

Method for calculating 
adherence rates 

described

Factors influencing adherence to 
diabetes medications 

Adherence to 
medications 

Prospective, observational studies of oral agents show: 
Adherence rates ranged from 61%-85% 

Adherence rates decreased as number of doses per day increased 
Self-reported adherence higher than that measured with electronic monitoring 

(92% v 75%) 
Studies of insulin adherence show: 

Patients newly starting insulin adhered 80% at 24 mo  
Adherence to insulin less than to oral agents (73% v 86%, retrospective data)  

Retrospective analyses of adherence to oral agents show: 
Adherence rates ranged from 36%-93% 

Depressed patients had lower adherence rates (85% v 93%) 
Once-daily regimens had higher adherence than twice daily (61% v 52%) 

Monotherapy had higher adherence than polytherapy (49% v 36%) 
Efficacy of Self-Care Interventions  
Sarkisian, 
2003 589

1985-
2000

12
(1,956) 

Clinical trials 
nd on diabetes type 
>55 y old or African 
American or Latino  
English language 

Self-care interventions (involving 
changing knowledge, beliefs, or 

behavior)

HbA1c

QOL
Symptoms

4 of 8 RCTs and 3 of 4 pre-post designs found statistically significant reductions in 
HbA1c

Studies that included patients with higher HbA1c more often found statistically 
significant differences in glycemic control 

Norris, 
2002 595

1966-
2000

30
(3,773) 

Intervention studies 
Types 1 and 2 diabetes, 

adults and children 
Conducted in market 

economies
Met minimum quality 

standards 
English language 

Interventions delivered outside of 
traditional clinical settings 

GlycoHb 
Psychosocial 

Behavioral

Self-management education is effective in improving glycemic control when 
delivered in community gathering places for adults with type 2 diabetes, and for 

home-based interventions in children and adolescents with type 1 diabetes 
Insufficient evidence regarding other settings 

Education and Behavioral Interventions  
Gary,
2003 596

1966-
1999

18
(2720)

RCT
Type 2 diabetes  

Glycemic control or 
weight loss outcome 

English language 

Behavioral or counseling 
component 

GlycoHb 
FBS

Adherence

Interventions resulted in a net HbA1c change of -0.43% (significant). FBS was not 
significantly different. 

The interventionist with the greatest effect size was physician, followed by nurse 
and dietitian  

No difference in group versus individual modes of intervention delivery 
Effect size greatest on adherence to medications, followed by exercise, diet, and 

glucose self-monitoring  
Ellis, 
2004 577

1990-
2000

28
(2,439) 

RCT
Types 1 and 2 diabetes, 

adults 
Outpatient settings 

HbA1c outcome (at 12 
weeks minimum) 
English language 

Educational HbA1c Interventions resulted in a net HbA1c change of -0.32% (significant) 
Meta-regression found the following intervention characteristics to be significantly 

associated with effect (each associated with lower HbA1c): 
Face-to face delivery 
Cognitive reframing 

Including exercise content in the intervention 
No dose response (but limited variability in this factor across studies) 

(Continued)
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Recommendations for Diabetes and CKDS134
egarding the content of meals and balancing
utritional intake with medicines and physical
ctivity to achieve good glycemic control. Pa-
ients should be aware of day-to-day patterns
n their blood glucose levels to make informed
hoices. However, a study found that patients
ypically purchase enough capillary blood sam-
ling supplies to self-monitor their blood glu-
ose for only 70% of possible days in the first 4
ears after diagnosis and for only 50% of days
hereafter.567 Moreover, at least 20% of pa-
ients with either type 1 or type 2 diabetes do
ot monitor their blood glucose at all.568,569

lthough glucose meters generally are inexpen-
ive and easy to use, glucose testing strips are
uite expensive, and some insurance compa-
ies provide little or no coverage for these
upplies.

A recently completed systematic review of 20
tudies conducted between 1966 and 2003 mea-
ured adherence to diabetes medicines (Table
5).570 The study found that, among patients
sing oral agents, adherence rates ranged from
6% to 93% and were even lower for insulin.
dherence also was found to be related inversely

o the number of diabetes medicines prescribed.
hus, the addition of medicines for other com-
on comorbid conditions (eg, hypertension and

yslipidemia) is likely to further reduce adher-
nce. Rates of adherence to an exercise program
anged from 19% to 30% in people with diabe-
es,571,572 indicating that compliance issues im-
act on multiple aspects of disease management.
nother study found that only 7% of patients

dhered to all aspects of their diabetes regi-
en.573

The management plan should include
areful coordination of care, addressing
oth diabetes and CKD. (Moderate/Weak)
Although intensive glycemic control reduces

iabetes complications,116,134,562,564 once pa-
ients develop CKD, there may be a tendency to
lace less emphasis on glucose management.
hile no studies document inattention to glyce-
ic control in early-stage CKD, a recent review

f dialysis patient records found diabetes manage-
ent to be suboptimal.574 Individuals with diabe-

es and CKD require the attention of a health care
eam that can address social, educational, emo-
tional, and medical consequences of both condi-
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Behavioral Self-Management in Diabetes and Chronic Kidney Disease S135
ions. The ADA has developed Standards for
iabetes Self-Management Education.575 These

tandards summarize evidence that self-manage-
ent education is most effective when delivered

y a multidisciplinary team. This team should
nclude a combination of expertise in medical
reatment, nutrition, teaching skills, and behav-
oral psychology. Each patient should have an
ndividualized assessment, educational plan, and
eriodic reassessment pertaining to educational
eeds. Table 56 lists the components and prin-
iples of a diabetes and CKD self-management
rogram, combining educational elements from
he ADA Standards,575 Guideline 5 of the NKF-
DOQI™ CPGs for Hypertension and Antihyper-

ensive Agents in CKD,5 and predictors of nonad-
erence.

Behavioral adherence should be
ssessed in all patients, particularly in
hose who do not respond to therapy.
Weak/Opinion)

Intensive glycemic control may increase the
umber of hypoglycemic episodes, with the need
o increase food intake to cover peak times of
nsulin action. Although DCCT and UKPDS dem-
nstrated that patients receiving intensive treat-
ent had better glycemic control, they also were
ore likely to experience weight gain than those

eceiving usual care. Intensive treatment also
ay mask poor adherence to the treatment regi-
en, especially adherence to diet and physical

Table 56. Components and Principles of a Diab

Describe the disease processes for diabetes and CKD, as well as
the patient’s understanding of educational efforts. Assess and add
illness. Explain consequences of nonadherence.  
Promote social support by involving significant others in education
Incorporate appropriate nutritional management. Attention should 
Describe use of medicines for therapeutic effectiveness. Discuss s
effects with the primary-care provider. Explain that the health care
regimen. 
Discuss the importance of monitoring glucose and blood pressure
hyperglycemia often is asymptomatic, yet both require continual tr
Preventing, detecting, and treating acute complications. 
Preventing (through risk-reduction behavior), detecting, and treatin
cessation, exercise, weight loss, diet, and medication managemen
Goal setting and problem solving. Setting stepped easily achievab
efficacy. Encourage patients to discuss barriers to adherence (eg,
Integrating psychosocial adjustment to daily life. Assess for depre
Promoting preconception care, management during pregnancy, an
ctivity. Over time, inattention to behavioral as- o
ects of the regimen may mitigate the potential
enefits of intensive treatment.

Self-management approaches based in
ehavioral medicine may be effective in
nhancing adherence to the management
egimen for diabetes and CKD.
Weak/Opinion)

No studies were found of interventions to
nhance adherence of individuals to manage-
ent regimens for diabetes and CKD. How-

ver, 2 meta-analyses have been published that
rovide valuable information about the most
ffective approaches for encouraging adher-
nce to the diabetes regimen (Table 55). The
rst summarized the results of 72 studies con-
ucted between 1980 and 1999. Interventions
hat were collaborative in nature (rather than
idactic/lecture format) resulted in better gly-
emic control, particularly if the intervention
ontacts were repetitive and ongoing. Knowl-
dge was not consistently related to glycemic
ontrol, and factors other than knowledge are
eeded to achieve long-term behavioral
hange.576 The second conducted a meta-
egression analysis on 28 studies between 1990
nd 2000 to characterize the components of
ehavioral interventions most likely to result
n improved glycemic control. Face-to-face
elivery (compared with telecommunication
nd written materials), cognitive reframing (in-
olving goal setting and problem solving as

nd CKD Self-Management Education Program

nt options. Provide explanations in lay terminology and evaluate 
 patient’s beliefs about the nature, cause, and treatment of their 

ies. 
to cultural food preferences in dietary counseling.  
cts of medicines and emphasize the importance of discussing side 
ional and patient can work together to find the right treatment 

the nature of the disease (ie, hypertension is asymptomatic and 
). 

erm complications. Risk-reduction behaviors include smoking 
propriate.  
 enables patients to experience success and a sense of self-
rtation, economic issues, social support) and refer as appropriate.  
d refer as appropriate. 
tional diabetes management (if applicable). 
etes a

 treatme
ress the

al activit
be paid 
ide effe
 profess

. Relate 
eatment

g long-t
t, as ap
le goals
 transpo
ssion an
d gesta
pposed to didactic education), and interven-
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Recommendations for Diabetes and CKDS136
ions that included an exercise component were
ey to improving glycemic control.577 The
rinciples noted in Table 57 enhance adher-
nce to medical management in other patient
opulations and, in the opinion of the Work
roup, should be applicable to patients with
iabetes and CKD.
Complex regimens require multiple lifestyle

hanges. However, targeting multiple behav-

Table 57. Self-M

 selpicnirP tnemeganaM-fleS
Verbal persuasion; changing health beliefs, values, and 
perceptions of risk and severity of disease; convincing patient 
of the benefits of behavior change 
Tailoring messages to patient’s readiness to change; 
addressing patient’s intentions to engage in required behavior 
change; addressing preexisting beliefs and preferences about 
the disease and its management regimen 

Self-monitoring; self-regulation; establishing “feedback loops”  

Stimulus control; enhancing patient’s ability to gain and 
maintain control over factors that influence their behavior 

 gnittes laoG

 espaler fo noitneverp ,gnivlos melborP

 troppus laicoS

Building self-confidence or self-efficacy; reinforcing positive 
beliefs about the probability of successful self-management 

 sreirrab gnisserddA

 tnemecrofnier evitisoP

Adapted from Guideline 5 of the NKF-KDOQI™ CPGs  for Hypertension and 
ors may have a negative impact on treat- m
ent.578 For example, in a study of hyperten-
ion treatments, participants who were
nstructed to follow a low-sodium diet and lose
eight were less adherent than those who were

nstructed to follow either 1 of these regimens
lone.579 Thus, targeting a single behavior or
equencing the introduction of various compo-
ents of the diabetes and CKD management
egimen may be required for successful self-

ment Principles

 selpmaxE noitatnem
e comprehensive education regarding the disease, management 

en, consequences of adherence, consequences of nonadherence 

ine the motivational level of the patient to incorporate self-
gement behaviors into their daily lives (eg, readiness to begin a 
en of exercise) and tailor educational efforts accordingly. Address 
tive and/or cultural beliefs about the disease and its management 
uld influence adherence 

 patients in developing self-awareness of their behaviors, as well as 
hysical health (eg, use of diet or physical activity logs, weekly 
ts, self-monitoring blood pressure) 
 patients in identifying factors/stimuli that predispose them to 
lthy patterns of behavior or nonadherence to the regimen. Assist 
ts in changing their response to the stimulus (eg, when tempted to 
 soft drink, choose sugar free), or avoid the stimulus altogether (eg, 

shopping for groceries avoid the soft-drink and snack aisles) 
 ym rewol ot tnaw I ,ge( slaog htlaeh llarevo gniyfitnedi ni stneitap 

). Then assist them in identifying easily achievable intermediate or 
ed” goals, which lead to the overall health goal (eg, this week, 
d of drinking 3 regular soft drinks each day, I will limit myself to 2). 
he patient monitor their progress in meeting goals (eg, for 5 of 7 
his week I was able to limit myself to only 2 cans of soft drinks). Set 
oals as appropriate (eg, next week I will reduce my intake of soft 
 to 1 each day). When goals are not reached, assess reasons for 
 and then reformulate goals 

 ,ecnerehda netaerht taht snoitautis fo selpmaxe tneitap ro soiranec
ed by discussion on how such situations can be addressed. Relapse 
ntion is a problem-solving approach in which “high-risk” situations 
nadherence are addressed and dealt with in advance 

 ,ge( segnahc laroivaheb ekam tneitap gnipleh ni sdneirf dna ylimaf e
e the person responsible for food preparation in the home to attend 
y education with the patient, start a walking program with a friend) 
ade the patient that they are able to achieve behavioral goals. Past 
ience does not have to dictate future success or failure. By 
ishing easily achievable “stepped” goals, the patient experiences 
ss in reaching their goals. Attribute successes in meeting goals to 
tient’s efforts 

 tsissA .evitcepsrep s’tneitap eht morf deifitnedi era ecnerehda ot sr
tient in addressing patient-identified barriers (eg, pharmaceutical 
ance with smoking cessation, use of pill minders in those who 
t remember to take medications, addressing economic barriers to 
e self-monitoring, healthy eating, or adherence to the medication 

en) 
 htlaeh ro/dna ecnerehda ni tnemevorpmi rof kcabdeef evitisop e

, encourage participant to reward self for improvements 
tensive Agents in CKD.5
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Behavioral Self-Management in Diabetes and Chronic Kidney Disease S137
Assessments and educational efforts
hould take into consideration modifiable
arriers to self-management, should be
ulturally appropriate, and should consider
he unique learning needs of the patient.
Weak/Opinion)

Modifiable predictors of nonadherence to medi-
al therapies in patients with hypertension in-
lude side effects of medicines, complexity of
he regimen, cost and financial difficulties, depres-
ion, socioeconomic status, transportation is-
ues, and social support.5 Modifiable predictors
f nonadherence to the diabetes regimen include
epression,580 self-efficacy (the patient’s confi-
ence in their ability to successfully manage
heir disease),581-584 and health literacy.585 In a
tudy of exercise behavior of individuals with
ype 2 diabetes, nonexercisers were found to
ave more negative attitudes. They perceived
hysical discomfort, feared hypoglycemia, and
ad perceptions that they were too overweight.
hey also reported a lack of family support for
ngaging in exercise.586

Cultural factors also play a role in adherence.
thnic minorities are overrepresented among
eople with diabetes.587 They also have a higher
urden of diabetes and CKD than whites.499,588

recent review of studies targeting ethnic minori-
ies with diabetes found that adherence was im-
roved by tailoring the intervention to age or
ulture, use of group counseling or support, and
nvolvement of significant others (Table 55).589

Cognitive deficits are common in individuals
ith diabetes.590,591 This problem appears to be

ssociated with poor glycemic control, although
besity, hypertension, and depression also may
ontribute.592 Problems with cognitive function
ave obvious implications for adherence in that
ndividuals with these deficits may have diffi-
ulty with memory, organizing information, and
olving self-management problems.

Behavior change requires repeated
ontacts and sustained support from the
ealth care team. (Weak/Opinion)
A meta-analysis summarized the numerous

linical trials that have been done to enhance the
dherence of people with diabetes to self-
anagement regimens (Table 55).593 These stud-

es generally define adherence as an educational

r behavioral issue. Those that conceptualized t
dherence as an educational issue tested interven-
ions that involved the development of materials
r unique teaching approaches to help people
ith diabetes learn about the disease and its
anagement. Those that conceptualized adher-

nce as a behavioral issue employed techniques
ased in behavioral medicine or psychology to
oster behavior change (eg, motivational inter-
iewing, verbal persuasion, goal setting, positive
einforcement, social support, and coping, among
thers). Regardless of how adherence was con-
eptualized, these studies found that interven-
ions to enhance adherence tend to improve gly-
emic control. The greatest improvements were
ade in interventions involving frequent contact
ith the patients. Unfortunately, improvements
enerally were lost within 1 to 3 months after
topping the intervention.583 No literature was
ound regarding the frequency and duration of
ontacts required to make and sustain behavior
hange in patients with diabetes and CKD. How-
ver, given that CKD only complicates the self-
anagement regimen, the Work Group con-

luded that interventions to support and sustain
ehavior change should be comparable to or
xceed those required for good self-management
f diabetes.

LIMITATIONS

Research that pertains to self-management in
hose with diabetes and CKD is virtually nonex-
stent. Accordingly, evidence regarding adher-
nce to blood pressure management regimens
nd to self-management of diabetes were extrapo-
ated to people with diabetes and CKD.

IMPLEMENTATION ISSUES

Simplification of the management regimen
including medicines, diet, physical activity, and
elf-monitoring requirements) may be helpful
or encouraging adherence. Focusing on one
spect of the regimen and/or sequential introduc-
ion of requirements may be helpful.

Incorporation of behavioral strategies to en-
ance self-management optimally requires a mul-
idisciplinary team effort (physician, diabetes
ducator, nutritionist, nurse, pharmacist, and/or
ocial worker). Self-management, as described,
equires frequent and repeated contacts with
ealth care professionals for education, goal set-

ing, evaluation of progress, and teaching self-
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Recommendations for Diabetes and CKDS138
onitoring and problem-solving skills. Establish-
ng and maintaining self-management behaviors
ikely will require multiple ongoing contacts
ith members of the health care team.
Education of the patient regarding medicines

hould include, at a minimum, the reason the
edicine is being prescribed, instruction regard-

ng side effects, importance of adherence, conse-
uences of nonadherence, and signs or symp-
oms that should trigger a return call or visit to a
ealth care provider. If appropriate, the patient
hould be instructed that other medicines are
vailable if side effects become unmanageable.
ll information should be relayed to the patient

n lay terms.
Referral to a social worker, diabetes educator,

ietitian, nurse, case manager, or pharmacist for
ppropriate counseling should be considered
hen encountering such barriers to regimen ad-
erence as cost; cultural factors and cultural

eliefs; misperceptions or misunderstandings re- s
arding diabetes and CKD, its treatment, and the
onsequences of nonadherence; or apparent in-
bility to take medicines on a regular basis (ie,
orgetfulness, or difficulty managing a complex
edication regimen).
Aging of the population will require regular

eassessment of the patient’s ability to indepen-
ently handle the management regimen.
Development of culturally sensitive educa-

ional materials and services is necessary to
nsure adherence to medical recommendations
nd requires time and resources that may be
eyond the control of the individual clinician.
The approach to the patient should be individu-

lized, taking into consideration his or her cul-
ure, economic situation, knowledge and beliefs
egarding the disease and treatment, response to
edication (in particular, side effects), ability

emotional, functional, cognitive, visual) to ad-
ere to the prescribed regimen, and changes in

tatus over time.
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uideline 1. Screening and Diagnosis of
iabetic Kidney Disease

What is the best screening test for DKD? Mi-
roalbuminuria is the best available test for
creening of DKD, but it is imprecise. For this
eason, additional research on the use of new
iomarkers or better use of already available
arkers may lead to the important advances in

his field. Markers may include:

Urinary immunonreactive intact albumin and
shed podocytes;
Genetic risk indicators;
Blood and/or urine changes in growth factors,
cytokines, inflammatory markers, or markers
of oxidative stress;
Innovative kidney imaging or tissue studies.

Appropriately weighted risk algorithms should
e derived using predictive variables:

AER within the normoalbuminuric or mi-
croalbuminuric range;
Retinopathy status;
Clinical and ambulatory blood pressure mea-
surements;
Glycemic control;
Diabetes duration;
Lipid levels;
Age;
Sex;
Race;
Family history.

Improved measures of glomerular filtration
ate (GFR) should be developed and may in-
lude:

More reliable creatinine measurement meth-
ods;
Modifications of existing formulas;
Application of new GFR markers, such as
cystatin C;
Development of simplified direct GFR
measurements.

How should albuminuria be mea-
ured? Additional studies on urinary albumin
easurements, including predictive values of

ender-specific ACR cutoffs, urine collection
ethods, and processing of urine samples, are
arranted.

What is the rate of progression of DKD in

eople with reduced GFR, but normal urinary p

American Journal of Kidney Diseas140
lbumin excretion? How does this compare
ith the rate in those with elevated urinary

lbumin excretion?

Does regression of albuminuria modify the
ong-term progression of DKD?

What is the effect of promising agents to pre-
ent RCN in patients with various stages of CKD
nd both types of diabetes?

What is the best common definition of RCN?

uideline 2. Management of
yperglycemia and General Diabetes Care

n CKD

Does intensive treatment of glycemia re-
uce progression of CKD, or prevent CKD stage
and CVD events, in people with diabetes and
KD (secondary prevention)? Do effects dif-

er by albuminuria status (normoalbuminuria,
icroalbuminuria, macroalbuminuria) or level

f GFR?

Do the TZDs have kidney or CVD benefits
eyond glycemic control in people with diabe-
es and CKD?

Are risks of fluid retention with TZDs greater
n people with CKD?

What is/are the best methods for assessing
lycemic control in CKD?

What are the best methods for administer-
ng insulin in patients on dialysis?

What are the best ways of countering the
yperglycemic effects of glucocorticoids, cyclo-
porine, and tacrolimus in the transplant pa-
ient?

Are there kidney or CVD benefits beyond
lycemic control of GLP-1 analogues (incretin
imetic or amylin analog) or DPP-4 inhibitors

n people with DKD?

What are the risks in using GLP-1 ana-
ogues (incretin mimetic or amylin analog) or
PP-4 inhibitors in people with diabetes and
KD?

uideline 3. Management of Hypertension
n Diabetes and CKD

What are optimal doses of ACE inhibitors
nd ARBs for kidney disease protection in

eople with diabetes and hypertension?

es, Vol 49, No 2, Suppl 2 (February), 2007: pp S140-S143
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Research Recommendations S141
What is the role of ARBs or other classes
f antihypertensive agents, either alone
r in combination with ACE inhibitors, on
lowing kidney disease progression and pre-
enting CVD in hypertensive people with
KD?

What is the optimal level of blood pressure
o slow DKD progression? The question re-
arding the optimal level of blood pressure reduc-
ion for cardiovascular risk reduction may be
nswered in 2008 by the ACCORD trial. How-
ver, this may not answer the question about
idney protection.

Do ACE inhibitors or ARBs prevent progres-
ion of kidney disease in patients with diabe-
es and CKD, defined by low GFR without
lbuminuria?

uideline 4. Management of Dyslipidemia
n Diabetes and CKD

What is the effect of lipid lowering with
tatins on CVD in patients with diabetes and
KD stages 1 to 4?

What is the impact of inflammation (ie, high
-reactive protein) on the response to lipid

owering with statins in diabetes and CKD
tage 5? This question may be answered by
ubgroup analysis and biomarker determinations
f the 4D participants.

What is the effect of statin treatment on
rogression of DKD? Do effects differ by
lbuminuria status (normoalbuminuria, mi-
roalbuminuria, macroalbuminuria) or level
f GFR?

uideline 5. Nutritional Management in
iabetes and CKD

Randomized clinical trials in diabetes and
KD examining the role of nutrition on clinical
utcomes are needed. Diet interventions are
xtremely challenging, but are required to iden-
ify new therapeutic options.

Studies examining specific nutrients on kid-
ey disease would be beneficial. What is the
ffect of 0.8 g of protein/kg body weight per day
n GFR and urinary albumin excretion with the

iet defined as follows: o
30% fat: 5% saturated, 5% omega-6, 10%
omega-3, 10% omega-9.
60% carbohydrate calories; predominantly
(40% to 45%) whole grains, fruits, and
vegetables.

The above question modified for amino acid
omposition by altering the protein source:

soy protein;
lean poultry and fish;
vegetable protein only;
50% protein as fish rich in omega-3 fatty
acids.

What is the best strategy for nutrition inter-
entions? Evaluate types and frequency of nu-
rition education sessions provided by a regis-
ered dietitian in conjunction with medical
anagement.

What is the effect of nutritional intervention
n progression of DKD using the diagnostic
riteria defined in the NKF-KDOQI™ guide-
ines? Do effects differ by albuminuria status
normoalbuminuria, microalbuminuria, mac-
oalbuminuria) or level of GFR?

PR 1. Management of Albuminuria in
ormotensive Patients With Diabetes and
lbuminuria as a Surrogate Marker in DKD

What is the effect of RAS inhibition (ACE
nhibitors and ARBs) on albuminuria and clini-
al outcomes in normotensive people with
KD?

What is the relationship between magni-
ude of albuminuria change and risks of CKD
nd CVD in people with DKD?

What is the optimal “target value” for urine
lbumin excretion in DKD during treatment
ith ACE inhibitors and ARBs?

Do different types of treatment that reduce
lbuminuria improve clinical outcomes in
KD?

PR 2. Multifaceted Intervention for People
ith Diabetes and CKD

Which facets of the intensive multifaceted
ntervention are associated with reduced risks

f CKD and CVD?
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Research RecommendationsS142
Do people with diabetes and CKD already
reated with RAS inhibitors benefit from inten-
ive multifaceted intervention?

Does intensive multifaceted intervention
rovide CKD and CVD benefits at earlier or

ater stages of CKD in diabetes?

Can intensive multifaceted intervention for
iabetes and CKD be accomplished in other
linical settings?

In overweight and obese people (BMI >
4.9 kg/m2) with diabetes and CKD, what is
he effect of weight loss using a balanced
alorie-restricted diet on glycemic control,
FR, urinary albumin excretion, and CVD risk

actors?

What are the benefits and risks of using
imonabant for weight loss in people with
iabetes and CKD?

PR 3. Diabetes and CKD in Special
opulations

What are the most effective means of trans-
ating clinical knowledge into public health
nterventions for DKD? While evaluation of
irect clinical and public health efforts will be
ssential, development of systems models can be
seful planning tools for predicting the most
ost-effective way to use the limited resources
hat will be available in the countries most af-
ected by DKD in the future.

What are the prenatal and early childhood
actors that lead to later development of dia-
etes and CKD?

What are the causes of different risks of
KD progression and mortality after onset of
idney replacement therapy in various ethnic
roups? Native Americans on dialysis therapy
ave better survival compared with Caucasians
n the United States, while Canadian First Na-
ions members have similar survival as Canadian
aucasians. This difference in relative survival

uggests that nongenetic factors may play a sig-
ificant role in survival.

Are inexpensive combination antihyperten-
ive agents safe and effective for DKD in
opulations of developing countries? Such

n approach could have great clinical impact, b
articularly where limited resources are avail-
ble for purchasing drugs. The effectiveness of
ow-cost interventions using less expensive ge-
eric drugs to control risk factors for DKD has
een demonstrated in rural India.

Are programmatic efforts to improve the
are of patients with CKD worldwide effective,
uch as the NKF Kidney Disease—Improving
lobal Outcomes and the International Soci-
ty of Nephrology Commission for the Global
dvancement of Nephrology? These pro-
rams should be regularly assessed.

What are effects of interventions that may
ecrease the risk of preeclampsia and pre-
erm delivery in women with diabetes and
KD? This is an especially challenging popula-

ion that should be included in clinical trials.

What factors influence maternal and fetal
utcomes in women with type 2 diabetes and
KD?

PR 4. Behavioral Self-Management in
iabetes and CKD

To what extent do low-dose combinations of
edicines for treatment of diabetes and CKD

educe adverse effects and improve adher-
nce?

Do optimal interventions combine behav-
oral approaches with pharmacological thera-
ies to improve management of risk factors
or diabetes and CKD? Particular attention
hould be paid to identifying which behavioral
trategies are most effective in producing the
esired change.

What are effective strategies for maintain-
ng long-term adherence to self-care require-

ents for management of diabetes and CKD?

ew Treatments for DKD

The Work Group recognizes the importance of
ringing new treatments into clinical research for
KD, especially for patients who have progres-

ive kidney disease despite the current standard
f care. Promising treatments, including novel
gents and potential new uses of existing agents,
re currently in phase 2/3 trials for DKD (listed

elow).
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Novel therapies:
� Protein kinase C-� inhibition—rubox-

istaurin;
� Glycosaminoglycans—sulodexide;
� Inhibition of advanced glycation end prod-

uct formation—pyridoxamine;
� Antifibrotic treatment—pirfenidone, anti-

connective tissue growth factor antibody;
� Endothelin antagonism—avosentan, SP301;
� Direct renin inhibition—aliskiren.
New uses of existing agents:
� Aldosterone blockade—spironolactone,

epleronone;
� Anti-inflammatory—pentoxifylline;
� Peroxisome proliferator activators (TZDs)—

rosiglitazone, pioglitazone.
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APPENDIX 1: NUTRITIONAL MANAGEMENT OF DIABETES
AND CHRONIC KIDNEY DISEASE
ample meal plan
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MENU

Breakfast

Peanut Butter Oatmeal
Fresh Sliced Pears

Very Berry Smoothie

Lunch

Baked Salmon on a Toasted Hamburger Bun
Roasted Asparagus Spears With a Spicy Tofu

Hollandaisea

Sliced Pineapple With Strawberry Lemon
Thymeb Sorbetc

Snack

Cucumbers With Horseradish and Dill Dip
Mixed Nuts

Dinner

Grilled Vegetables on Bulgur Pilafd

Sliced Avocado
Rum-Baked Apples

a. Hollandaise is traditionally a butter, egg yolk, and lemon
uice emulsified sauce.

b. Lemon thyme is a fresh herb that has a lemon wood like
avor.

c. Sorbet is frozen fruit juices or fruit puree with no milk
roduct.

d. Bulgur is a wheat berry with the bran removed, steam-
ooked, dried, and ground.

Table 58. Nutrient Compo

  
 tnuomA tneirtuN

 567,1 seirolaC
 8.0 )d/g( muidoS
 26 )d/g( taf latoT

 9 )d/g( taf detarutaS
 94 )d/gm( loretselohC
 962 )d/g( etardyhobraC

Protein (g/kg/d, % of calories) 56 g/d  
 (0.8 g/kg/d for 70 kg perso

 0.1 )d/g( surohpsohP
 0.3 )d/g( muissatoP

 This meal plan also provides 1.9 g linolenic acid, 0.3 g eicosapentaenoic
 Since nutritional recommendations vary by chronic kidney disease (CKD

this meal plan may be too high for some people with CKD stages 3 and 

made to meet individual goals.

American Journal of Kidney Diseas144
RECIPES

eanut Butter Oatmeal
1⁄3 cups uncooked oatmeal
tablespoons peanut butter

⁄4 cup honey

Cook oatmeal in water following the direc-
ions on the package, omit the salt. Divide cooked
atmeal into 4 bowls and dollop 1 tablespoon of
eanut butter and 1 tablespoon of honey in each
owl.

Analysis
4 servings per recipe, serving size 2⁄3 cup,

alories 258, total fat 10 g, saturated fat 1.7 g,
onounsaturated fat 4.5 g, polyunsaturated fat

.53 g, omega-3 fat 0 g, cholesterol 0 mg, cal-
ium 1.3 mg, sodium 76 mg, phosphorus 123
g, potassium 210 mg, total carbohydrates 39 g,

ietary fiber 3.7 g, sugar 19 g, protein 7 g.

ery Berry Tofu Smoothie

lb fresh strawberries, cleaned and hulled
cups blueberries
oz tofu, silken, extra firm

⁄2 teaspoon ground ginger
pinches of red pepper flakes

⁄4 teaspoon rum extract
tablespoon honey

f This Full-Day Meal Plan

 laoG 
 )4-3 egatS( )2-1 egatS( seirolaC fo %

  
  4.2< 

 seirolac fo %03< 23
 seirolac fo %01< 5.4

 gm 002  
 06-05 16

13 0.8 
(~10%) 

0.6-0.8  
(~8%-10%) 

 0.1-8.0 7.1 
 4.2  4> 

A), and 1 g decosahexaenoic acid (DHA). Dietary fiber is 40 g.  
eal plans should be individualized. For example, the potassium content of 

t content is provided for each recipe. Adjustments to the meal plan may be 
sition o

n) 

 acid (EP
) stage, m
4. Nutrien
es, Vol 49, No 2, Suppl 2 (February), 2007: pp S144-S147
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Nutritional Management of Diabetes and Chronic Kidney Disease S145
teaspoon lemon juice
⁄2 cup ice

Blend all together and serve.

Analysis
4 servings per recipe, serving size 1 cup,

alories 125, total fat 1.8 g, saturated fat 0.2 g,
onounsaturated fat 0.3 g, polyunsaturated fat

.8 g, omega-3 fat 0.1 g, cholesterol 0 mg,
alcium 44 mg, sodium 42 mg, phosphorus 100
g, potassium 339 mg, total carbohydrates 22 g,

ietary fiber 6 g, sugar 15.5 g, protein 6 g.

aked Salmon With Roasted Asparagus on
racked Wheat Bun

6 oz. fresh salmon fillet
tablespoon lemon juice
tablespoon Butter Buds®

2 oz. fresh asparagus spears (woody stems
emoved), washed
tablespoon olive oil
cracked wheat or whole grain hamburger buns,

oasted

Preheat oven to 400°F. Place asparagus spears
n a cookie sheet and spray with olive oil. Roast
n the oven for 10 minutes or until tender and
lightly brown. Remove from the oven and allow
o cool.

Spray baking dish with olive oil. Place salmon
lets in baking dish and drizzle lemon juice over

he top of each filet. Bake 15 to 20 minutes until
he salmon is flakey to the touch. Serve salmon
n a toasted hamburger bun, sprinkle with Butter
uds, roasted asparagus and Habanero Hollanda-

se Sauce.

abanero Hollandaise Sauce

oz tofu—silken, extra firm, drained and
rumbled
⁄4 cup vegetable stock
⁄4 cup fresh lemon juice
⁄2 teaspoon sugar
⁄4 teaspoon turmeric
⁄2 teaspoon diced habanero chili (out of the jar),
ore if you like it spicier

Combine all ingredients in a food processor
nd process until smooth. Refrigerate overnight

efore serving. 0
Analysis
4 servings per recipe, serving size approxi-
ately 3 oz, calories 475, total fat 20 g, saturated

at 3 g, monounsaturated fat 10 g, polyunsatu-
ated fat 5.5 g, omega-3 fat 2.6 g, cholesterol 62
g, calcium 230 mg, sodium 495 mg, phospho-

us 364 mg, potassium 810 mg, total carbohy-
rates 43 g, dietary fiber 5 g, sugar 8 g, protein
2 g

resh Pineapple With Strawberry Lemon
hyme Sorbet

0 oz. fresh sliced pineapple

Strawberry Lemon Thyme Sorbet

cups fresh ripe strawberries, hulled, washed,
nd dried
cup lemon thyme simple syup
tablespoons orange juice
tablespoons lemon juice

In a food processor add strawberries, 1⁄2 cup
emon thyme simple syrup and process until
mooth. Add the other 1⁄2 cup of simple syrup,
range and lemon juice. Mix and pour into
ce-cube trays. Freeze. When frozen, remove
ubes into the food processor and mix thor-
ughly. Pour back into the same ice-cube trays,
over, and freeze until needed.

Arrange fresh pineapple on a chilled plate.
often sorbet, spoon 2 tablespoons over the pine-
pple and allow to melt before serving.

Lemon Thyme Simple Syrup

cup water
cup sugar
to 8 sprigs of fresh lemon thyme

Mix water and sugar in a sauce pan, bring
ater and sugar to a boil, and turn down the heat

o a slow simmer so that the bubbles just break
he surface, and cook for 10 minutes. Remove
rom the heat and steep lemon thyme sprigs in
he syrup as it cools to room temperature. Strain
he sprigs and keep refrigerated up to 4 weeks.

Analysis
10 servings per recipe, serving size approxi-
ately 2 heaping tablespoons over 3 oz. of sliced

ineapple, calories 127, total fat 0 g, saturated fat
g, monounsaturated fat 0g, polyunsaturated fat

g, omega-3 fat 0 g, cholesterol 0 mg, calcium
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0 mg, sodium 1.7 mg, phosphorus 15 mg,
otassium 156 mg, total carbohydrates 33 g,
ietary fiber 1.9 g, sugar 29 g, protein 1 g

ucumbers With Horseradish Dill Dip
1⁄2 teaspoons shallots, minced
1⁄2 teaspoons dried dill
tablespoons fresh dill
oz tofu, extra firm, drained and crumbled
teaspoons horseradish, creamy style
inch of dry mustard
⁄8 teaspoon turmeric
⁄8 teaspoon cayenne pepper
⁄4 cup rice milk
teaspoon Dijon mustard
teaspoons lemon juice
teaspoons Miran sweet rice wine

⁄8 teaspoon onion powder
tablespoons white cider vinegar
English cucumbers
resh dill sprigs for garnish (2 tablespoons)

Mix all ingredients except the cucumbers in a
ood processor. Refrigerate overnight. Slice cu-
umbers, serve with dip spooned over the top,
nd garnish with fresh dill sprigs.

Analysis
6 servings per recipe, serving size approxi-
ately 2 oz, calories 52, total fat 1 g, saturated

at 0.15 g, monounsaturated fat 0.2 g, polyunsatu-
ated fat 0.5 g, omega-3 fat 0 g, cholesterol 0 mg,
alcium 37 mg, sodium 71 mg, phosphorus 68
g, potassium 241 mg, total carbohydrates 8 g,

ietary fiber 0.7 g, sugar 4 g, protein 4 g

ulgur Pilaf

tablespoons olive oil
⁄2 onion, diced
medium carrots, diced
teaspoon dried basil

⁄2 teaspoon dried oregano
⁄2 teaspoon dried thyme
clove garlic, minced

⁄2 cup brown rice
⁄4 cup bulgur wheat
⁄4 cup milled flax seedsa

cups vegetable stock
a. Milled flax seed are ground seeds from the flax plant that
ave a nutty flavor; milled seeds are a source of omega-3 oils. b
In a medium sauce pan heat olive oil over
edium heat, add onions, carrots, and cook until

nions become translucent. Add basil, oregano,
hyme, and garlic; cook for another minute. Stir
n rice and keep stirring until rice starts to turn
rown. Add vegetable stock, bring to a boil,
over, and turn down to simmer and cook for 15
inutes. After cooking for 15 minutes stir in

ulgur and flax seed and simmer for another 30
inutes or until the stock is absorbed. Fluff pilaf
ith fork. Let stand 10 minutes before serving.

Analysis
6 servings per recipe, serving size approxi-
ately 2⁄3 cup, calories 180, total fat 7 g, satu-

ated fat 0.8 g, monounsaturated fat 3.7 g, poly-
nsaturated fat 1.7 g, omega-3 fat 0.8 g,
holesterol 0 mg, calcium 42 mg, sodium 24 mg,
hosphorus 124 mg, potassium 266 mg, total
arbohydrates 28 g, dietary fiber 8 g, sugar 1.5 g,
rotein 5 g

rilled Vegetables

medium zucchinis, sliced
heads of anise (fennel), sliced
button mushrooms, quartered
Roma tomatoes cut into eighths
red onion, cut in half and then sliced
tablespoon fresh basil leaves, shredded
teaspoon fresh thyme
teaspoon fresh oregano

Dressing:

clove garlic, minced
1⁄2 teaspoons Dijon mustard
tablespoons lemon juice
tablespoons olive oil

⁄2 teaspoon fresh black pepper

Make the dressing by adding all of the ingredi-
nts together in a mixing bowl and whisking.

In a large mixing bowl add all the vegetables
ogether. Pour 1⁄4 cup of dressing over the veg-
tables and stir until all the vegetables have been
ightly coated. Then cook vegetable mixture ei-
her on a grill or in your oven.

Outdoor Grilling

While your grill is heating to 400°F, oil a grill
asket to cook the vegetables in and place the

asket on the preheating grill. When the basket is
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ot add your vegetable mixture to your basket
nd cook until the vegetables turn golden brown.
emember to stir them every 5 to 7 minutes to
llow the browning to occur evenly with all the
egetables.

Oven Broiling

Turn your oven to broil. Spread vegetables out
nto a single layer on a cookie sheet and broil
ntil vegetables begin to turn golden brown.
urn vegetables over and keep broiling until
egetables are tender.
When the vegetables are brown, pour grilled

egetables into a serving bowl and add the re-
aining dressing and fresh herbs.

Analysis
4 servings per recipe, serving size approxi-
ately 1⁄2 cup, calories 198, total fat 15 g, satu-

ated fat 2 g, monounsaturated fat 10 g, polyun-
aturated fat 2 g, omega-3 fat 0.19 g, cholesterol
mg, calcium 54 mg, sodium 96 mg, phosphorus
38 mg, potassium 887 mg, total carbohydrates
6 g, dietary fiber 4 g, sugar 8 g, protein 4.5 g

um-Baked Apples

Granny Smith apples, peeled, cored, and sliced
teaspoons lemon juice
teaspoon ground cinnamon

⁄2 cup brown sugar
⁄8 teaspoon ground nutmeg
⁄4 teaspoon ground cloves
tablespoon all-purpose flour

tablespoons rolled oats 4
teaspoons honey
teaspoon canola oil

Sauce:

cups rice milk
tablespoons cornstarch

⁄4 cup cold water
⁄2 teaspoon rum extract

Coat sliced apples with lemon juice. Mix dry
ngredients together, cinnamon, sugar, nutmeg,
loves, flour, and oats. Mix dry ingredients with
pples and place in a nonstick baking dish.
rizzle honey over the top and spray the top with

anola oil. Bake in a preheated 350°F oven for
0 to 50 minutes until the apples are tender.

Sauce

Heat rice milk to a simmer, mix cornstarch in
old water together until the lumps are dissolved.
hisk the cornstarch mixture into the simmering

ice milk and keep whisking until mixture thick-
ns. Remove from heat and add rum extract.
erve warm over the baked apple mixture.

nalysis

4 servings per recipe, serving size approxi-
ately 2⁄3 cup, calories 283, total fat 3 g, satu-

ated fat 0.2 g, monounsaturated fat 1.5 g, poly-
nsaturated fat 0.7 g, omega-3 fat 0.11 g,
holesterol 0 mg, calcium 42.7 mg, sodium 55
g, phosphorus 86 mg, potassium 277 mg, total

arbohydrates 65 g, dietary fiber 4.3 g, sugar

0.3 g, protein 2 g
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AIM

The overall aim of the project was to develop
PGs and CPRs for management of the coexist-

ng conditions of diabetes and CKD.
The Work Group developed the guidelines

nd recommendations using an evidence-
ased approach. Evidence regarding the guide-
ine topics was derived primarily from a sys-
ematic summary of the available scientific
iterature. When sufficient evidence was lack-
ng, recommendations were developed that re-
ect expert opinion. When appropriate, avail-
ble guidelines or systematic reviews were
sed to support the current guidelines and
ecommendations.

OVERVIEW OF PROCESS

Development of the guidelines and recommen-
ations required many concurrent steps to:

● Form the Work Groups and Evidence Re-
view Team that were to be responsible for
different aspects of the process;

● Confer to discuss process, methods, and
results;

● Develop and refine topics;
● Define exact populations of interest;
● Create draft guideline statements and ration-

ales;
● Create data extraction forms;
● Create and standardize quality assessment

and applicability metrics;
● Develop and perform literature search strat-

egies;
● Screen abstracts and retrieve full articles;
● Review articles;
● Extract data and perform critical appraisal

of the literature;
● Tabulate data from articles into summary

tables;
● Assess the overall strengths of the bodies of

evidence; and
● Write guideline statements and rationales

based on literature and Work Group consen-
sus.

An Evidence Review Team, composed of ex-
erts in systematic review and guideline develop-

ent, guided the Work Group in all methods and m

American Journal of Kidney Diseas148
spects of guideline development. The Work
roup and the Evidence Review Team met in

our 2-day meetings over 18 months.

reation of Groups

The Chair and Co-Chair of the KDOQI™
dvisory Board selected the Co-Chairs of the
ork Group and the Director of the Evidence
eview Team, who then assembled groups to
e responsible for the development of the
uidelines. The Work Group and the Evidence
eview Team collaborated closely throughout

he project.
The Work Groups consisted of domain ex-

erts, including individuals with expertise in
dult and pediatric nephrology, adult and pedi-
tric diabetology and endocrinology, cardiol-
gy, pharmacology, social work, nursing, and
utrition. The first task of the Work Group
embers was to define the overall topics and

oals of the guidelines. They then further devel-
ped and refined each topic, literature search
trategies, and data extraction forms (de-
cribed below). The Work Group members
ere the principal reviewers of the literature;

rom their reviews and detailed data extrac-
ions, they summarized the available evidence
nd took the primary roles of writing the
uidelines and rationale statements. Com-
leted data extractions were shared among
ork Group members.
The Evidence Review Team consisted of neph-

ologists, physician-methodologists, and re-
earch assistants from Tufts-New England Medi-
al Center with expertise in systematic review of
he medical literature. They supported the Work
roups in refining the topics and clinical ques-

ions so that literature searches could be under-
aken. They also instructed the Work Group
embers in all steps of systematic review and

ritical literature appraisal. The Evidence Re-
iew Team coordinated the methodological and
nalytical process of the report, defined and
tandardized the methodology of performing lit-
rature searches, of data extraction and of sum-
arizing the evidence in summary tables. They

erformed literature searches, organized abstract
nd article screening, created forms to extract
elevant data from articles, organized Work Group

ember data extraction, and tabulated results.

es, Vol 49, No 2, Suppl 2 (February), 2007: pp S148-S154
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Methods for Evaluating Evidence S149
hroughout the project the Evidence Review
eam led discussions on systematic review, litera-

ure searches, data extraction, assessment of qual-
ty and applicability of articles, evidence synthe-
is, and grading of the quality of the body of
vidence and the strength of guideline recommen-
ations.

efinement of Guideline Topics and
evelopment of Materials

The goals of the Work Group spanned a di-
erse group of topics, which would have been
oo large for a comprehensive review of the
iterature. Based on their expertise, members of
he Work Group focused on specific questions
eemed clinically relevant and amenable to sys-
ematic review. Other sources of data included
reviously published guidelines and systematic
eviews.

The Work Groups and Evidence Review Team
eveloped: (1) draft guideline statements, (2)
raft rationale statements that summarized the
xpected pertinent evidence, and (3) data extrac-
ion forms requesting the data elements to be
etrieved from the primary articles. The topic
efinement process began before literature re-
rieval and continued through the process of
eviewing individual articles.

iterature Search

The Work Group members developed spe-
ific questions with regards to predictors and
nterventions related to specific outcomes.
earch strategies were developed according to
pecific study topics, study design, and years
f publication. Studies for the literature review
ere identified through MEDLINE searches of
nglish language literature of human studies

rom January 1990 to December 2003. Selec-
ive updates were performed through May 2005.
road MeSH (medical subject heading) terms
nd text words were used so that searches were
oth general in scope for high sensitivity in
dentification of pertinent literature and spe-
ific to preliminary topics selected by the Work
roups. The searches were also supplemented
y articles identified by Work Group members
hrough August 2005.

The principal kidney-related search terms used

ncluded: kidney, renal, kidney disease, albumin- e
ria, proteinuria, hematuria, and hyperfiltration.
rincipal diabetes-related terms included: diabe-

es mellitus, hyperglycemia, retinopathy, and
regnancy in diabetes.
Only full journal articles of original data were

ncluded. Editorials, letters, abstracts, and unpub-
ished reports were not included. Selected review
rticles, however, were included for background
aterial. A separate search for systematic re-

iews of health education in diabetes was con-
ucted for the behavioral management recom-
endation.
MEDLINE search results were screened by
embers of the Evidence Review Team for rel-

vance using predefined eligibility criteria, de-
cribed below. Retrieved articles were screened
y the Evidence Review Team. Potentially rel-
vant studies were sent to Work Group members
or rescreening and data extraction. Domain ex-
erts made the final decision for inclusion or
xclusion of all articles.

eneration of Data Extraction Forms

Data extraction forms were designed to cap-
ure information on various aspects of the
rimary articles. Forms for all topics included
tudy setting and demographics, eligibility cri-
eria, severity of kidney disease, type of diabe-
es, numbers of subjects, study design, study
unding source, comorbid conditions, descrip-
ions of relevant risk factors or interventions,
escription of outcomes, statistical methods,
esults, study quality based on criteria appropri-
te for each study design (see below), study
pplicability (see below), and sections for com-
ents and assessment of biases. Training of

he Work Group members to extract data from
rimary articles occurred at face-to-face meet-
ngs, supplemented by e-mails and teleconfer-
nces.

eneration of Evidence Tables

The Evidence Review Team condensed the
nformation from the data extraction forms into
vidence tables, which summarized individual
tudies. These tables were created for the Work
roup members to assist them with review of the

vidence and are not included in the guidelines.
ll Work Group members (within each topic)

eceived copies of all extracted articles and all

vidence tables. During the development of the
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Appendix 2S150
vidence tables, the Evidence Review Team
hecked the data extraction for accuracy and
escreened the accepted articles to verify that
ach of them met the initial screening criteria
etermined by the Work Group.

ormat for Summary Tables

Summary tables describe the studies accord-
ng to 4 dimensions: study size and follow-up
uration, applicability or generalizability, re-
ults, and methodological quality. Within each
able, the studies are first grouped by outcome
ype.

Data entered into summary tables by the Evi-
ence Review Team were derived from the data
xtraction forms, evidence tables, and/or the ar-
icles. All summary tables were reviewed by the

ork Group members.
Within each outcome section of each table,

tudies are ordered first by methodological qual-
ty (best to worst), then by applicability (most to
east), and then by study size (largest to small-

Table 59. Topics for Which Systematic

S cipoT
Association of albuminuria with CKD 
and CVD outcomes 

Prospective; longitudinal;
othe

 MD ni yspoib/gnigamI
Association of albuminuria with 
retinopathy 
Radiographic contrast and safety in 
DM and CKD 

 MD ni C nitatsyc dna noitauqe RFG
  )cirtaidep( MD dna noitcnuf yendiK

 MD dna noitartlifrepyH
 DKC ni nibolgomehocylG

Glycemic control risks in DM and CKD RCT; albuminuria outc
DM treatment pharmacokinetics and 
adverse events 
Treatment of albuminuria in DM 
(including CVD- and DM-related 
treatments) 

RCT; ≥6 mo; a
For antihypertensive stu

KDOQI™ blood p
Dietary treatments and nutrition in DM For dietary treatments:

KDOQI™ lipids guideline
othe

For other nutrit
 DKC dna MD ni ycnangerP

Abbreviations:  (--), summary tables specific to these topics were not created
trial; GFR, glomerular filtration rate; ACE-I, angiotensin-converting enzyme in
*By Work Group members, after screening by Evidence Review Team. 
† Included in Summary Tables. Does not include additional studies that we
material. 
st). Results are presented by using the appropri- t
te metric or summary symbols, as defined in the
able footnotes.

ystematic Review Topics, Study
ligibility Criteria, and Literature Yield

The topics listed in Table 59 were systemati-
ally reviewed. Predefined eligibility criteria are
ncluded. These were based on the study designs
f the available literature (eg, whether there were
n “adequate” number of randomized trials) and
he volume of the literature (eg, whether there
ere “so many” studies that restriction based on

uch factors as study size or duration were
eemed appropriate).
For the primary literature topics, the litera-

ure searches yielded 11,378 citations. Of these,
65 articles were retrieved in full. An addi-
ional 57 studies were added by Work Group
embers. From all 822 articles, 250 were

xtracted and included. Of these, 142 studies
re included in Summary Tables. A supplemen-

s of Primary Studies Were Performed

 ytilibigi
Articles

Reviewed*
Articles

Included†

; albuminuria outcomes ≥ 6 mo, 
es ≥ 12 mo 

24 21 

 22 24 ydut
 41 61 ydut

 02 12 ydut

 -- 21 ydut
 -- 32 lanidu
 -- 8 ydut
 -- 5 ydut

 mo, other outcomes ≥12 mo 4 -- 
 -- 9 evitce

ria a primary outcome 
≥100, ACE-I or ARB, and since 
 guideline search (2001) 

41 34 

id outcomes ≥1 mo (and since 
), albuminuria outcomes ≥6 mo, 
es ≥12 mo. 

ies: prospective study. 

27 18 

 51 81 ydut
rdiovascular disease; DM, diabetes mellitus; RCT, randomized controlled 
RB, angiotensin receptor blocker. 

xtracted and/or reviewed in depth and used as background or ancillary 
Review

lE ydut
 N ≥ 250
r outcom

s ynA
s ynA

s ynA

s ynA
tignoL
s ynA
s ynA

omes ≥6
psorP

lbuminu
dies, N 
ressure

 RCT; lip
s, 2002

r outcom
ion stud

s ynA
; CVD, ca
hibitor; A

re data e
al search for systematic reviews of diabetes
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Methods for Evaluating Evidence S151
nd health education yielded 901 citations, of
hich 10 systematic reviews were summa-

ized.

rading of Individual Studies

Study Size and Duration
The study (sample) size is used as a measure

f the weight of the evidence. In general, large
tudies provide more precise estimates of ef-
ects and associations. In addition, large stud-
es are more likely to be generalizable; how-
ver, large size alone does not guarantee
pplicability. A study that enrolled a large
umber of selected patients may be less gener-
lizable than several smaller studies that in-
luded a broad spectrum of patient popula-
ions. Similarly, longer duration studies may
e of better quality and more applicable, de-
ppropriate. The following metrics were used:

p
o
c
t
c
i
t
l
o

r
c
t
c

Applicability
Applicability (also known as generalizability or

xternal validity) addresses the issue of whether the
tudy population is sufficiently broad so that the
esults can be generalized to the population of
nterest. The study population typically is defined
rimarily by the inclusion and exclusion criteria.
he target population varied somewhat from topic

o topic, but generally was defined to include pa-
ients with both CKD and diabetes (ideally DKD,
KD caused directly by diabetes mellitus). More

pecific criteria were sometimes appropriate, for
xample, subjects with retinopathy or pregnant
omen. A designation for applicability was

ssigned to each article, according to a 3-level
cale. In making this assessment, sociodemo-
raphic characteristics were considered, as well
s comorbid conditions and prior treatments.
pplicability is graded in reference to the
ending on other factors. population of interest for each topic.

 Sample is representative of the target population, or results are definitely applicable to the target 
population irrespective of study sample. 

Sample is representative of a relevant subgroup of the target population. For example, sample is only 
representative of people with macroalbuminuria, or all elderly individuals.  

Sample is representative of a narrow subgroup of patients only, and not well generalizable to other 
subgroups. For example, the study includes only a small number of patients or older patients with new-
onset diabetes. Studies of such narrow subgroups may be extremely valuable for demonstrating 
exceptions to the rule. 
Results
In general, the result is summarized by both

he direction and strength of the association.
epending on the study type, the results may

efer either to dichotomous outcomes, such as
he presence of retinopathy or a laboratory test
bove or below a threshold value, or to the
ssociation of continuous variables with out-
omes, such as serum laboratory tests. We ac-
ounted for the magnitude of the association and
oth the clinical and statistical significance of the
ssociations. Criteria for indicating the presence
f an association varied among predictors depend-
ng on their clinical significance. Both univariate
nd multivariate associations are presented, when
revalence, relative effects (relative risk [RR],
dds ratio [OR], hazard ratio [HR], or net
hange—change from baseline in the interven-
ion group minus the change in the control group),
orrelation (r or r2), and test accuracy (sensitiv-
ty, specificity, and positive and negative predic-
ive value). The choice of metric often was
imited by the reported data. For some studies,
nly the statistical significance was reported.

Methodological Quality
Methodological quality (or internal validity)

efers to the design, conduct, and reporting of the
linical study. Because studies with a variety of
ypes of design were evaluated, a 3-level classifi-

ation of study quality was devised:
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 Least bias; results are valid. A study that mostly adheres to the commonly held concepts of high quality, 
including the following: a formal study; clear description of the population and setting; clear description 
of an appropriate reference standard; proper measurement techniques; appropriate statistical and 
analytical methods; no reporting errors; and no obvious bias. Not retrospective studies or case series. 

 Susceptible to some bias, but not sufficient to invalidate the results. A study that does not meet all the 
criteria in category above. It has some deficiencies but none likely to cause major bias. 

Significant bias that may invalidate the results. A study with serious errors in design or reporting. These 

studies may have large amounts of missing information or discrepancies in reporting. 
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ummarizing Reviews and Selected
riginal Articles

Work Group members had wide latitude in
ummarizing reviews and selected original ar-
icles for topics that were determined not to
equire a systemic review of the literature. How-
ver, a thorough review and summary of system-
tic reviews of diabetes and health education was
erformed.

ormat of Guidelines and Clinical Practice
ecommendations

The format for each CPG and CPR chapter is
utlined in Table 60. Each CPG or CPR contains
ne or more specific “statements,” which are
resented as “bullets” that represent recommen-
ations to the target audience. Each CPG or CPR
ontains background information, which is gen-
rally sufficient for interpretation. A discussion
f the broad concepts that frame the CPGs and
PRs is provided in the preceding section of this

eport. The rationale for each CPG contains a
eries of specific “rationale statements,” each
upported by evidence. The CPG or CPR con-
ludes with a discussion of limitations of the

Table 60. Format for Guidelines

Introductory Statement 
Guideline or CPR Statement 1 
Guideline or CPR Statement 2 

BACKGROUND
RATIONALE

Definitions (if appropriate) 
Rationale statement 1 

Supporting text and tables 
Rationale statement 2 

Supporting text and tables 
LIMITATIONS 
t

vidence and a brief discussion of clinical appli-
ations, and implementation issues regarding the
opic. Research recommendations for topics re-
ated to all CPGs and CPRs are compiled in a
eparate chapter.

ating the Strength of Guidelines and
ationale Statements

Grading the Strength of Evidence
The overall strength of each guideline or clini-

al practice recommendation statement was rated
y assigning either “A”, “B”, or “C (CPR)” as
escribed in Table 61.
The strength of evidence was graded using a

ating system that primarily takes into account:
1) methodological quality of the studies; (2)
hether the study was carried out in the target
opulation, ie, patients with CKD and diabetes,
r in other populations; and (3) whether the
tudies examined health outcomes directly or
xamined surrogate measures for those out-
omes, eg, reducing death or improving albumin-
ria (Table 62). These 3 separate study character-
stics were combined to provide a preliminary
trength of evidence provided by pertinent stud-
es. In addition, aspects of the GRADE recom-
endations for grading the quality of evidence

nd the strength of recommendations were incor-
orated to determine a final strength of evi-
ence.598

Thus, specific criteria for assessing the quality
f the body of evidence (including an initial
ategorization of evidence quality based on study
esigns of the available studies) were discussed
ith the Work Group. For questions of interven-

ions, quality was High, if randomized controlled
rials; Low, if observational studies; Very Low, if
ther types of evidence. The quality rating was
hen decreased if there were serious limitations
o individual study quality, if there were impor-
IMPLEMENTATION ISSUES 

ant inconsistent results across studies, if the
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Methods for Evaluating Evidence S153
pplicability of the studies to the population of
nterest was limited, if the data were imprecise or
parse, or if there was thought to be a high
ikelihood of bias. The quality rating for observa-
ional studies was increased if there was strong
vidence of an association (ie, significant RR or
R of about �2 [or �0.5] based on consistent

vidence from 2 or more observational studies,
ith no plausible confounders), if there was

vidence of a dose-response gradient, or if plau-
ible confounders would have reduced the effect.
our final quality categories were used: High,
oderate, Low, and Very Low.
The Work Group and Evidence Review Team

lso discussed how the strength of the evidence
ould be determined based on the quality of

vidence across all outcomes of interest, taking
nto account the relative importance of each of
he outcomes (eg, death and CKD progression
aving greater weight than albuminuria or glu-

Table 61. Rating the Strength

Grade Recommendation 

A
It is strongly recommended that clinicia
evidence that the practice improves hea

B
It is recommended that clinicians routin
strong evidence that the practice impro

C (CPR)
It is recommended that clinicians consid
is based on either weak evidence or on
might improve health outcomes. 

 Health outcomes are health-related events, conditions, or symptom
lives. Improving health outcomes implies that benefits outweigh any

Table 62. Rating

Outcome Population

Well D
Analyze

pote

Health outcome(s) Target population 
Health outcome(s) Other than the target 

population
Mode

Surrogate measure for 
health outcome(s)

Target population Mode

Surrogate measure for 
health outcome(s)

Other than the target 
population

Strong- aEvidence includes results from well-designed, well-conducted study
Moderately strong- bEvidence is sufficient to determine effects on health ou

number, quality, or consistency of the individual studies; OR cevidence is f
conducted studies; OR devidence is from studies with some problems in de
on surrogate endpoints for efficacy and/or safety in the target population.

Weak- fEvidence is insufficient to assess the effects on net health outcomes 
surrogate endpoints for efficacy and/or safety in the target population; OR

population; OR hthe evidence is from studies that are poorly designed and/or analyz
ose levels) and a balance between net benefits
nd additional considerations, such as costs (re-
ource utilization), feasibility, availability, likely
ifferences in patient values, likely differences
mong populations and regions.

Each major item of evidence discussed in the
ationale sections for each CPG and CPR was
iven a strength rating. Upon consideration of
he strength of evidence for the various sections
f the body of evidence for a given set of
ecommendation statements, a determination was
ade whether the set of statements rise to the

evel of a CPG or whether the body of evidence
s sufficiently weak to warrant only a CPR. Sets
f statements that were graded as being Strong or
oderately Strong were designated as Guide-

ines. In the absence of strong or moderately
trong quality evidence or when additional con-
iderations did not support strong or moderately
trong evidence-based recommendations, the

ideline and CPR Statements

nely follow the guideline for eligible patients. There is strong 
omes. 
w the guideline for eligible patients. There is moderately 
lth outcomes. 
wing the CPR for eligible patients. This recommendation 
nions of the Work Group and reviewers that the practice 

n be perceived by individuals to have an important effect on their 
 effects. 

ality of Evidence

Methodological Quality
 and 

 if any, 
as)

Some Problems in 
Design and/or Analysis 
(some potential bias)

Poorly Designed and/or 
Analyzed (large 
potential bias)

Moderately strongb Weakh

rongc Moderately strongd Weakh

onge Weakf Weakh

Weakg Weakg,h

in the target population that directly assess effects on health outcomes. 
 the target population, but the strength of the evidence is limited by the 
ulation other than the target population, but from well-designed, well-

/or analysis; OR eevidence is from well-designed, well-conducted studies 

it is from studies with some problems in design and/or analysis on 
ence is only for surrogate measures in a population other than the target 
of Gu

ns routi
lth outc

ely follo
ves hea
er follo

 the opi

s that ca
the Qu

esigned
d (little,
ntial bi

Stronga

rately st

rately str

Weakg 

/studies 
tcomes in
rom a pop
sign and

because 
gthe evid
ed. 
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ork Group could elect to issue expert opinion-
ased recommendations termed CPRs. These rec-
mmendations are based on the consensus of the
ork Group that the practice might improve

ealth outcomes. As such, the Work Group rec-
mmends that clinicians consider following the
ecommendation for eligible patients. These rec-
mmendations are based on either weak evi-
ence or on the opinions of the Work Group.
In addition, the Work Group adopted a conven-

ion for using existing expert guidelines issued
or populations other than the target population.
rades for the strength of evidence assigned by

he professional societies that issued the guide-
ines were adopted. When the guideline or the
vidence was not graded, this Work Group as-
umed that the guideline would be based on at

east moderately strong evidence. The extrapola- p
ion of these guideline recommendations from
he general populations to the target population
as considered to support grade B recommenda-

ions.

imitations of Approach

While the literature searches were intended to
e comprehensive, they were not exhaustive.
EDLINE was the only database searched, and

earches were limited to English language publi-
ations. Hand searches of journals were not per-
ormed, and review articles and textbook chap-
ers were not systematically searched. However,
mportant studies known to the domain experts
hat were missed by the literature search were
ncluded in the review. No meta-analyses were

erformed.
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averiana University School of Medicine and
cientific Sub-director at the Colombian Diabe-
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ogotá, Colombia. He specializes in Internal
edicine and Endocrinology and has a Master’s

egree in Clinical Epidemiology. He has served
s a member of the World Health Organization
xpert Advisory Panel on chronic degenerative
iseases. He is also a past President of the Latin
merican Diabetes Association and the Latin
merican Diabetes Epidemiology Group. He also

erves as a member of the International Diabetes
ederation task force on Epidemiology. Dr As-
hner has received compensation for lectures
nd/or consultations from AstraZeneca, Bayer,
laxoSmithKline, Merck Sharp Dohme, and
anofi-Aventis.
George L. Bakris, MD, is Professor of Medi-

ine and Director of the Hypertension Unit at
niversity of Chicago-Pritzker School of Medi-

ine. He previously served as Director, Renal
esearch at Ochsner Clinic and Director of the
ephrology Fellowship Program at University
f Texas, San Antonio. Dr Bakris currently serves
s a National Kidney Foundation (NKF) represen-
ative for the Sixth Report of the Joint National
ommittee on Prevention, Detection, Evalua-

ion, and Treatment of High Blood pressure (JNC
and JNC 7) and is a board-certified specialist in
ypertension. He has received numerous Na-
ional Institutes of Health (NIH) grants for clini-
al trials, including the African-American Study
f Kidney Disease (AASK), Genetics of Hyper-
ension (SCOR), and the K30 Clinical Trials
enter awards. Dr Bakris has received compen-

ation for lectures or consultations, research funds
r grants from Abbott, AstraZeneca, ATLAS
oundation, Boehringer Ingelheim, Bristol-My-
rs Squibb, Eli Lilly, GlaxoSmithKline, Kos Phar-
aceuticals, Merck, Novartis, Sanofi-Aventis,
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Rudolf W. Bilous, MD, is Professor of Clini-

al Medicine and Honorary Consultant Physi-
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eceived his fellowship from the Royal College
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nternational (JDFI) Post-Doctorate Fellow at
he University of Minnesota and the NIH Fellow
t Guy’s Hospital in London from 1980 to 1982.
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ommittee Chair for Endo/Diabetes of the Joint
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s the Chairman of Professional Advisory Coun-
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he Vice President of the European Diabetic
ephropathy Study Group, and his research inter-
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ilous has received research grants from, or
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ca, Bristol Myers Squibb, GlaxoSmithKline,
illy Industries, Novo-Nordisk, Roche Pharma-
euticals, Sanofi, and Takeda Pharmaceuticals.

M. Luiza Caramori, MD, MSc, PhD, is
ssistant Professor of Medicine, Endocrinology
ivision, Department of Medicine at the Univer-

ity of Minnesota. She specialized in Internal
edicine (1992) and Endocrinology (1995) and

as master’s (1997) and doctorate (2001) de-
rees in diabetic nephropathy clinical research.
rom 1999 to 2002, she was a JDFI Post-
octorate Fellow in the Division of Pediatric
ephrology at the University of Minnesota. Dr
aramori’s research interest has focused on dia-
etic nephropathy relationships between kidney
tructure and function, genetic biomarkers of
iabetic nephropathy, and the predictive value of
lbuminuria for diabetic nephropathy risk.

Jeffrey A. Cutler, MD, MPH, is Senior Scien-
ific Advisor, Division of Epidemiology and Clini-
al Applications at the National Heart, Lung, and
lood Institute (NHLBI). He is involved with
any NHLBI studies, including serving as a
ember of the Steering Committee for the Anti-

ypertensive and Lipid-Lowering Treatment to
revent Heart Attack Trial and the Executive
ommittee for the Trials of Hypertension Preven-

ion. Dr Cutler has received several awards from
he US Public Health Service, including 2 Com-

endation Medals, an Outstanding Service
edal, and a Meritorious Services Medal. His

reas of research and special interest include the
revention and treatment of hypertension, other

ardiovascular disease (CVD) prevention, clini-

uary), 2007: pp S155-S158 S155



c
a
(
S
E
e
M

r
n
c
o
i
h
H
t
i
s
A
y
a
N
d
a
a
b
2
R
n
n
l
a
s
n
r

b
w
N
t
a
P
n
D
f
i
i
H
h
t
B

v
s
s
e
t
A
c
o
c

a
a
c
i
b
s
o
t
r
w
p
f

c
l
U
H
G
c
D
g
a
O
A
M
c
S
R
F
A

K
t
K
p
1
a
q
o
p

Work Group BiographiesS156
al trials methods, and nutrition. Dr Cutler is
ffiliated with the American Heart Association
AHA), American Public Health Association,
ociety of Epidemiologic Research, Council on
pidemiology and Prevention—World Heart Fed-
ration, and American College of Preventive
edicine.
D. Jordi Goldstein-Fuchs, DSc, RD, cur-

ently is working as a clinical and research renal
utrition specialist in Sparks, Nevada. She is
ompleting her 10th year as Editor of the Journal
f Renal Nutrition. Dr Goldstein first became
nterested in kidney disease while studying for
er Master’s degree at the MGH Institute of
ealth Professions. Her research thesis was in

he area of urea kinetic modeling, and the result-
ng publication was awarded the Mary P. Huddle-
on Award by the American Dietetic Association.
fter working as a renal dietitian for several
ears, Dr Goldstein returned to graduate school
nd received her Doctor of Science degree in
utrition Science from Boston University. Her
octoral work was in the area of essential fatty
cids and experimental kidney disease. She is the
uthor of multiple scientific publications and
ook chapters. Dr Goldstein is a recipient of the
003 Service Award from the NKF Council on
enal Nutrition. She is also a member of several
utrition and kidney societies, including the Inter-
ational Society of Renal Nutrition & Metabo-
ism, the Council on Renal Nutrition of the NKF,
nd the American Dietetic Association. Dr Gold-
tein is a reviewer for several nutrition and
ephrology journals, and she has received a
esearch grant from Davita Inc.

Thomas H. Hostetter, MD, is a faculty mem-
er at Albert Einstein College of Medicine. He
as a senior scientific adviser and director of the
ational Kidney Disease Education Program at

he National Institute of Diabetes and Digestive
nd Kidney Diseases (NIDDK). He was also
rofessor of Medicine at the University of Min-
esota, where he was Director of the Renal
ivision in the Department of Internal Medicine

or 15 years. He received his bachelor’s degree
n chemistry from Yale University. After graduat-
ng from Baylor College of Medicine, Dr
ostetter served his internship at Baylor and
is residency at the Peter Bent Brigham Hospi-
al. Following his nephrology fellowship at

righam, he became a faculty member at Har- M
ard Medical School. Dr Hostetter’s major re-
earch interest is in the mechanisms of progres-
ive kidney disease. He has served on several
ditorial boards, General Medicine B study sec-
ion of the NIH, the Nephrology board of the
merican Board of Internal Medicine, the coun-

ils of the American and International Societies
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an Society of Nephrology from 1999 to 2000.

S. Michael Mauer, MD, is Professor of Pedi-
trics and Co-Director of Pediatric Nephrology
t the University of Minnesota School of Medi-
ine. He has more than 30 years of research
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enin-angiotensin system blockade. He is also
orking on diabetic nephropathy biomarkers and
redictors. Dr Mauer has received research funds
rom Merck.

Mark E. Molitch, MD, is Professor of Medi-
ine in the Division of Endocrinology, Metabo-
ism, and Molecular Medicine at Northwestern
niversity Feinberg School of Medicine.
e received his fellowship at UCLA-Harbor
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r Molitch’s areas of special interest are patho-
enesis and treatment of diabetic nephropathy
nd pituitary tumors. In 1997, he received the
utstanding Physician Educator Award from the
merican Diabetes Association (ADA). Dr
olitch has received research funds, grants, or

ontracts from Abbott, Amgen, Bristol Myers
quibb, Eli Lilly & Co, Genentech, Ipsen, Joslin
esearch Foundation, Juvenile Diabetes Research
oundation, Novartis, Novo-Nordisk, Pfizer, Sanofi-
ventis, and Takeda Pharmaceuticals.
Andrew Narva, MD, is Director of National

idney Disease Education Program at the Na-
ional Institute of Diabetes and Digestive and
idney Diseases. He has previously worked as a
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981 and served for 6 years as a general internist
t the Keams Canyon (Arizona) and Albuquer-
ue Service Units. Since completion of a nephrol-
gy fellowship in 1989, he has provided care to
atients with kidney disease throughout New

exico as the Albuquerque Area Nephrologist
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nd has provided technical consultation and sup-
ort to all IHS areas and to tribes as the Chief
linical Consultant for Nephrology for IHS. He
as served on the National Kidney and Urologic
iseases Advisory Board, the Renal Community
ouncil of the US Renal Data System, and he is
lso a member of the Medical Review Board of
nd-Stage Renal Disease Network 15 and chair
f the Minority Outreach Committee of the NKF.
e is a member of the Steering Committee of the
ational Kidney Disease Education Program and
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arva is a graduate of Harvard Medical School

nd is board certified in Internal Medicine and
ephrology. He is an Associate Clinical Profes-

or of Medicine at the University of New Mexico.
n 2002, Dr Narva was recognized by the IHS
ational Council of Clinical Directors as Physi-
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ealth Service (USPHS) as the Clinical Physi-
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o-Chair), is a Staff Clinician at the NIDDK in
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ree and residency training in Internal Medicine
nd Public Health and General Preventive Medi-
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eceived an MPH at Harvard School of Public
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niversity of California, Los Angeles. His re-

earch interests include complications of type 2
iabetes, and his primary research focus is dia-
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ork Group member on the KDOQI™ Clinical

ractice Guidelines for Chronic Kidney Disease
CKD): Evaluation, Classification, and Stratifica-
ion. Dr Nelson has received study drugs from

erck for an ongoing clinical trial.
Marc A. Pfeffer, MD, PhD, is a Professor of
edicine, Harvard Medical School; Senior Phy-

ician Cardiovascular Division, Brigham and
omen’s Hospital; Fellow of the American Col-

ege of Cardiology; and a member of 3 councils
f the AHA (High Blood Pressure Research,
asic Science, and Clinical Cardiology). He

erves on national and regional committees and
rominent editorial boards. Dr Pfeffer’s major
nterests are the pathophysiology of progressive

ardiac dysfunction following myocardial infarc- t
ion or systemic hypertension, and clinical man-
gement strategies for myocardial infarction and
eft ventricular dysfunction. He has served as the
rincipal investigator of major clinical trials of
ngiotensin-converting enzyme inhibition postin-
arction (SAVE and HEART) and as director of
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hair of the NIH/NHLBI-sponsored PEACE
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Michelle M. Richardson, PharmD, BCPS,

s Clinical Associate Professor at Northeastern
niversity’s School of Pharmacy and Assistant
rofessor at Tufts University School of Medi-
ine. She also serves on the Special and Scien-
ific Staff of the William B. Schwartz, Division
f Nephrology at Tufts-New England Medical
enter. She received pharmacy residency train-

ng at the Warren G. Magnuson Clinical Center
t the NIH, completed an Outcomes Research
ellowship from Tufts-New England Medical
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aw at the University of Pittsburgh. She has
ublished numerous articles in such scientific
ournals as the Journal of the American Dietetic
ssociation, Peritoneal Dialysis International,
merican Journal of Nephrology, Preventive
edicine, American Journal of Preventive Medi-

ine, and American Journal of Health Behavior.
he has also presented at many national and

nternational proceedings or conferences. She
as participated in numerous NIH-funded stud-
es involving behavior change interventions and
s the principal investigator on studies examining

he effectiveness of adherence enhancement inter-



v
i
s
P

P
t
c
o
b
S
f
s
k
i

C
R
t
d
c
S
a
S
a
i
a
r
s
C
S
m
t
n
C
s
c
M

o
P
t
D
a
D
N
c
c
a

c
D
U
a
i
p
p
D
m
S
H
m
j
p
&
r
N
C
o
B
t
h
b
i
t
i

Work Group BiographiesS158
entions in people with type 2 diabetes and also
n individuals receiving maintenance hemodialy-
is. Dr Sevick has received funding from the
aul Teschan Research Fund.
Michael Shlipak, MD, MPH, is Associate

rofessor of Medicine, Epidemiology and Biosta-
istics at the University of California, San Fran-
isco. In 1999, he received the AHA Epidemiol-
gy Young Investigators Award, and in 2003 he
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ine, Chief of the Division of Nephrology and
irector of the Center of Clinical Research at the
niversity Hospital, Würzburg, Germany. His

reas of interest are metabolism, dyslipidemia,
nflammation, and CVD in kidney patients and
atients with Fabry disease. He has served as the
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ently serves a 3-year term as President of the
KF Germany and is a member of the Steering
ommittee of the German Society of Nephrol-
gy. Dr Wanner is a member of the KDIGO
oard of Directors and the European Best Prac-

ice Guideline Hemodialysis Work Group. He
as received research grants, served on advisory
oards, and provided lectures for Amgen, Boehr-
nger-Ingelheim, FMC, Gambro, Genzyme, Or-
ho Biotech, and Roche. Dr Wanner also is an
nvestigator of the 4D involving atorvastatin, but

e receives no honoraria.



L
A
c
t
s
W
c
i
m
w
p
P
a

R
s
t

o
m
c
g
r
G
t
t
v
t

v
h
A
A
A
M
s
m
H
C
b
F
M
P
F
S
V
F
P

A

ACKNOWLEDGMENTS

G
M
L
H
F
V
K
o
m
M
A
N
F
G
C
M
M
W
G
N
M
A
A
J
P
t
P
M
R
R
C
S
B
A
m
S
r
R
M
M
R
L
M
M

i
r

Thanks go to the KDOQI™ Chairs (Adeera
evin, MD, and Mike Rocco, MD, MSCE) and the
dvisory Board for providing constructive criti-

ism that helped shape the project. The Work Group
hanks the National Kidney Foundation (NKF) for
upport and guidance during this project. Kerry

illis, PhD, Donna Fingerhut, Anthony Guc-
iardo, Richard Milburn, and Michael Cheung were
nstrumental in coordinating the guideline develop-
ent process. Special thanks to Chef Duane Sun-
old, who graciously provided the sample meal
lans that appear in Appendix I, and Ken Doyle,
hD, consultant editor, who provided invaluable
ssistance in preparing the document.

The Work Group is indebted to the Evidence
eview Team, who worked tirelessly to as-

emble the evidence and creatively to synthesize
he information.

The Work Group appreciates the careful review
f the draft guidelines and suggestions for improve-
ent by external reviewers. Each comment was

arefully considered and, whenever possible, sug-
estions for change were incorporated into the final
eport. As a result, the KDOQI™ Clinical Practice
uidelines and Clinical Practice Recommenda-

ions for Diabetes and Chronic Kidney Disease is
he product of the Work Group, the Evidence Re-
iew Team, the NKF, and all those who contributed
heir effort to improve the Guidelines.

The following individuals provided written re-
iew of the draft guidelines: Mohamed H. Abdul-
adi, MD, Nihal Younis Abosaif, MD, Myriam
lfonso, RN, BSN, CNN, Mustafa Arici, MD, Ayo
rije, MB, BS, FMCP, Robert Atkins, MD, Martin
uinger, MD, Vinod Bansal, MD, Bryan N. Becker,
D, Ezequiel Bellorin-Font, MD, Stephen Blon-

ky, MD, Susan Bridger, RN, CNN, Deborah Brom-
age, MS, RD, CSR, CDN, Sally Burrows-
udson, MS, RN, Nathaniel Clark, MD, Nenita A.
ollantes, MD, Peter W. Crooks, MD, Veta Cum-
aa, RN, BA, CCA, Mrinal Dasgupta, MD, MSc,
RCPC, Jean-Yves De Vos, RN, Dick de Zeeuw,
D, Thomas A. Depner, MD, David A. DeMicco,

harmD, Betty Dong, MD, Earl J. Dunnigan, MD,
ACP, Garabed Eknoyan, MD, Magdy El-
harkawy, PhD, MD, Paola Fioretto, MD, PhD,
ivian Fonseca, MD, Judith Fradkin, MD, Martha
unnell, RN, MS, CDE, Giovanni Gambaro, MD,

hD, Marilyn Gammarino, RD, LD, CDE, Sana i

merican Journal of Kidney Diseases, Vol 49, No 2, Suppl 2 (Febr
haddar, RD, PhD, Cheryl Gilmartin, PharmD,
irela Gliga, MD, Suzanne W. Gore, RD, MS, LD,

aura Harris, RD, CDE, Brian Hearne, Judith Hey-
adavi, MD, Takanobu Imada, Todd Ing, MD,
RCP, Atul V. Ingale, MD, Bertrand Jaber, MD,
ivekanand Jha, MD, DM, Sharon Karp, MD,
arren King, MSW, ACSW, LCSW, Janice Kn-
uff, RN, BS, Victoria Kumar, MD, Craig Lang-
an, MD, J. Michael Lazarus, MD, Brian Lee,
D, David J. Leehey, MD, Edgar V. Lerma, MD,
ndrew S. Levey, MD,Adeera Levin, MD, FRCPC,
athan Levin, MD, FACP, Edmund J. Lewis, MD,
rancesco Locatelli, MD, Samir Mallat, MD, FASN,
ail Martinez, RN, Aletha D.M. Matsis, BSN, RN,
NN, Linda McCann, RD, LD, CSR, Kathryn
cDougall, RN, MS, CDE, Sergio Mezzano, MD,
aureen A. Michaels, RN, William E. Mitch, MD,
aleed Zeid Mohamed, MD, N. Mohandas, MD,
iuseppe Mule, MD, Mohsen Nafar, MD, Sarala
aicker, MD, Nabila Niaz, MD, Allen Nissenson,
D, Juliet C. Noel, MD, Chike Nzerue, MD,
lfredo Obieta, MD, Gregorio Obrador, MD, Caryl
nn O’Reilly, CNS, CDE, MBA, Oktay Ozkan,

oni J. Pagenkemper, MS, MA, RD, LMNT, Rulan
arekh, MD, MS, Hans-Henrik Parving, MD, Up-

al D. Patel, MD, Nidia Pernalete, MD, Luana
illon, MD, Christian Pisano, MD, Mariana Pop,
D, Khetan Prakash, MD, Itamar Raz, MD, Greg
ichard, Michael V. Rocco, MD, FACP, Helena
odbard, MD, Jerome A. Rossert, MD, PhD, Bento
. Santos, MD, PhD, Peter Savage, MD, Kristine
. Schonder, PharmD, Yvonne M. Schoonover, NP,
rian Schwartz, MD, Michael Schwenk, PharmD,
ntoinette Skalamera, MD, Rita Solomon-Dim-
itt, RD, LDN, CSR, Maureen Spence, Robert
tanton, MD, Melissa Szymczak, MD, Rahel Tam-
at, MA, Paulose P. Thomas, MD, Kiran Toor, MD,
aymond Vanholder, MD, PhD, Joseph Vassalotti,
D, Candace Walworth, MD, Nanette Wenger,
D, David Wheeler, MD, FRCP, Sue Wheeler,
N, BS, MSHA, CCM, Karen Wiesen, MS, RD,
D, Jiaqiong (Susan) Xu, PhD, Akira Yamada,
D, Carmine Zoccali, MD, Andrea Zuckerman,
D.
Participation in the review does not necessar-

ly constitute endorsement of the content of the
eport by the individuals or the organization or

nstitution they represent.

uary), 2007: p S159 S159



o
h
S

i
N

t
c
2

R
o
M

t
i
2

t
t
2

t
C
2

t
f
4

t
K

t
P

I
D

R
N

c
a

e
M

H
d
H

h
1

2

S

REFERENCES

t
d
C

p
p

T
4

R
o
M

M
l
2

N
d
4

V
p

T
a
m
9

L
K
1

h
d
S

G
c

i
r

B
a
1

F
r
s

a
i
3

i

1. Dirks JH, de Zeeuw D, Agarwal SK, et al: Prevention
f chronic kidney and vascular disease: Toward global
ealth equity—The Bellagio 2004 Declaration. Kidney Int
uppl 98:S1-S6, 2005
2. Lysaght MJ: Maintenance dialysis population dynam-

cs: Current trends and long-term implications. J Am Soc
ephrol 13:S37-S40, 2002 (suppl 1)
3. National Kidney Foundation: K/DOQI Clinical Prac-

ice Guidelines for Chronic Kidney Disease: Evaluation,
lassification, and stratification. Am J Kidney Dis 39:S1-
66, 2002 (suppl 1)
4. US Renal Data System: USRDS 2004 Annual Data

eport. The National Institutes of Health, National Institute
f Diabetes and Digestive and Kidney Diseases, Bethesda,
D, 2004
5. National Kidney Foundation: K/DOQI Clinical Prac-

ice Guidelines on Hypertension and Antihypertensive Agents
n Chronic Kidney Disease. Am J Kidney Dis 43:S1-S290,
004 (suppl 1)
6. National Kidney Foundation: K/DOQI Clinical Prac-

ice Guidelines for Management of Dyslipidemias in Pa-
ients With Kidney Disease. Am J Kidney Dis 41:S1-S91,
003 (suppl 3)
7. National Kidney Foundation: K/DOQI Clinical Prac-

ice Guidelines for Bone Metabolism and Disease in
hronic Kidney Disease. Am J Kidney Dis 42:S1-S201,
003 (suppl 3)
8. National Kidney Foundation: KDOQI Clinical Prac-

ice Guidelines and Clinical Practice Recommendations
or Anemia in Chronic Kidney Disease. Am J Kidney Dis
7:S1-S145, 2006 (suppl 3)
9. National Kidney Foundation: K/DOQI Clinical Prac-

ice Guidelines for Nutrition in Chronic Renal Failure. Am J
idney Dis 35:S1-S140, 2000 (suppl 2)
10. National Kidney Foundation: K/DOQI Clinical Prac-

ice Guidelines for Cardiovascular Disease in Dialysis
atients. Am J Kidney Dis 45:S1-S153, 2005 (suppl 3)
11. Knowler WC, Bennett PH, Bottazzo GF, Doniach D:

slet cell antibodies and diabetes mellitus in Pima Indians.
iabetologia 17:161-164, 1979
12. West KM: Diabetes in American Indians, in Levine

, Luft R (eds): Advances in Metabolic Disorders, vol 9.
ew York, NY, Academic, 1978, pp 29-47
13. Zimmet P: Globalization, coca-colonization and the

hronic disease epidemic: Can the doomsday scenario be
verted? J Intern Med 247:301-310, 2000

14. Engelgau MM, Geiss LS, Saaddine JB, et al: The
volving diabetes burden in the United States. Ann Intern
ed 140:945-950, 2004
15. Burke JP, Williams K, Gaskill SP, Hazuda HP,

affner SM, Stern MP: Rapid rise in the incidence of type 2
iabetes from 1987 to 1996: Results from the San Antonio
eart Study. Arch Intern Med 159:1450-1456, 1999
16. Gu K, Cowie CC, Harris MI: Diabetes and decline in

eart disease mortality in US adults. JAMA 281:1291-1297,
999
17. Gale EA: The rise of childhood type 1 diabetes in the
0th century. Diabetes 51:3353-3361, 2002 2

American Journal of Kidney Diseas160
18. Boyle JP, Honeycutt AA, Narayan KM, et al: Projec-
ion of diabetes burden through 2050: Impact of changing
emography and disease prevalence in the U.S. Diabetes
are 24:1936-1940, 2001
19. Wild S, Roglic G, Green A, Sicree R, King H: Global

revalence of diabetes: Estimates for the year 2000 and
rojections for 2030. Diabetes Care 27:1047-1053, 2004
20. Colagiuri S, Borch-Johnsen K, Glumer C, Vistisen D:

here really is an epidemic of type 2 diabetes. Diabetologia
8:1459-1463, 2005
21. US Renal Data System: USRDS 2005 Annual Data

eport. The National Institutes of Health, National Institute
f Diabetes and Digestive and Kidney Diseases, Bethesda,
D, 2005
22. Motala AA, Pirie FJ, Gouws E, Amod A, Omar MA:
icrovascular complications in South African patients with

ong-duration diabetes mellitus. S Afr Med J 91:987-992,
001
23. Wanjohi FW, Otieno FC, Ogola EN, Amayo EO:

ephropathy in patients with recently diagnosed type 2
iabetes mellitus in black Africans. East Afr Med J 79:399-
04, 2002
24. Ramachandran A, Snehalatha C, Latha E, Vijay V,

iswanathan M: Rising prevalence of NIDDM in an urban
opulation in India. Diabetologia 40:232-237, 1997
25. Simmons D, Schaumkel J, Cecil A, Scott DJ, Kenealy

: High impact of nephropathy on five-year mortality rates
mong patients with type 2 diabetes mellitus from a
ulti-ethnic population in New Zealand. Diabet Med 16:926-

31, 1999
26. Park JY, Kim HK, Chung YE, Kim SW, Hong SK,

ee KU: Incidence and determinants of microalbuminuria in
oreans with type 2 diabetes. Diabetes Care 21:530-534,
998
27. Wu AY, Kong NC, de Leon FA, et al: An alarmingly

igh prevalence of diabetic nephropathy in Asian type 2
iabetic patients: The MicroAlbuminuria Prevalence (MAP)
tudy. Diabetologia 48:17-26, 2005
28. Sobngwi E, Mauvais-Jarvis F, Vexiau P, Mbanya JC,

autier JF: Diabetes in Africans. Part 1: Epidemiology and
linical specificities. Diabetes Metab 27:628-634, 2001

29. Earle KK, Porter KA, Ostberg J, Yudkin JS: Variation
n the progression of diabetic nephropathy according to
acial origin. Nephrol Dial Transplant 16:286-290, 2001

30. Koppiker N, Feehally J, Raymond N, Abrams KR,
urden AC: Rate of decline in renal function in Indo-Asians
nd whites with diabetic nephropathy. Diabet Med 15:60-65,
998
31. Chandie Shaw PK, van Es LA, Paul LC, Rosendaal

R, Souverijn JH, Vandenbroucke JP: Renal disease in
elatives of Indo-Asian type 2 diabetic patients with end-
tage diabetic nephropathy. Diabetologia 46:618-624, 2003

32. Chandie Shaw PK, Vandenbroucke JP, Tjandra YI, et
l: Increased end-stage diabetic nephropathy in Indo-Asian
mmigrants living in The Netherlands. Diabetologia 45:337-
41, 2002
33. Zimmet P, Alberti KG, Shaw J: Global and societal

mplications of the diabetes epidemic. Nature 414:782-787,

001

es, Vol 49, No 2, Suppl 2 (February), 2007: pp S160-S179



t

a

n
P
D

L
w
w
2

R
C
p
w
t

d
d
C
P
a

c
b
I

C
a
D

P
a
n
2

o
c
o
2

d
m
1

P
d
3

fi
d
r

d
l
1

W

f
9

W
r
E

S
r
p
O

i
d
i
1

W
o

s
P

c
d
w
M
5

R
p
t
r
C

H
o

e
6

a
A

R
i
1

a
h

M
e
c

a
m

R

References S161
34. Standards of medical care in diabetes—2006. Diabe-
es Care 29:S4-S85, 2006 (suppl 1)

35. Molitch ME, DeFronzo RA, Franz MJ, et al: Nephrop-
thy in diabetes. Diabetes Care 27:S79-S83, 2004 (suppl 1)

36. Feldt-Rasmussen B: Microalbuminuria and clinical
ephropathy in type 1 (insulin-dependent) diabetes mellitus:
athophysiological mechanisms and intervention studies.
an Med Bull 36:405-415, 1989
37. Haffner SM, Lehto S, Ronnemaa T, Pyorala K,

aakso M: Mortality from coronary heart disease in subjects
ith type 2 diabetes and in nondiabetic subjects with and
ithout prior myocardial infarction. N Engl J Med 339:229-
34, 1998
38. Grundy SM, Howard B, Smith S Jr, Eckel R, Redberg

, Bonow RO: Prevention Conference VI: Diabetes and
ardiovascular Disease: Executive summary: Conference
roceeding for healthcare professionals from a special
riting group of the American Heart Association. Circula-

ion 105:2231-2239, 2002
39. Sarnak MJ, Levey AS, Schoolwerth AC, et al: Kidney

isease as a risk factor for development of cardiovascular
isease: A statement from the American Heart Association
ouncils on Kidney in Cardiovascular Disease, High Blood
ressure Research, Clinical Cardiology, and Epidemiology
nd Prevention. Circulation 108:2154-2169, 2003

40. Dinneen SF, Gerstein HC: The association of mi-
roalbuminuria and mortality in non-insulin-dependent dia-
etes mellitus. A systematic overview of the literature. Arch
ntern Med 157:1413-1418, 1997

41. Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull
A, Holman RR: Development and progression of nephrop-
thy in type 2 diabetes: The United Kingdom Prospective
iabetes Study (UKPDS 64). Kidney Int 63:225-232, 2003
42. Miettinen H, Haffner SM, Lehto S, Ronnemaa T,

yorala K, Laakso M: Proteinuria predicts stroke and other
therosclerotic vascular disease events in nondiabetic and
on-insulin-dependent diabetic subjects. Stroke 27:2033-
039, 1996
43. Valmadrid CT, Klein R, Moss SE, Klein BE: The risk

f cardiovascular disease mortality associated with mi-
roalbuminuria and gross proteinuria in persons with older-
nset diabetes mellitus. Arch Intern Med 160:1093-1100,
000
44. Foley RN, Murray AM, Li S, et al: Chronic kidney

isease and the risk for cardiovascular disease, renal replace-
ent, and death in the United States Medicare population,

998 to 1999. J Am Soc Nephrol 16:489-495, 2005
45. Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH,

edersen O: Multifactorial intervention and cardiovascular
isease in patients with type 2 diabetes. N Engl J Med
48:383-393, 2003
46. Gaede P, Vedel P, Parving HH, Pedersen O: Intensi-

ed multifactorial intervention in patients with type 2
iabetes mellitus and microalbuminuria: The Steno type 2
andomised study. Lancet 353:617-622, 1999

47. Carey VJ, Walters EE, Colditz GA, et al: Body fat
istribution and risk of non-insulin-dependent diabetes mel-
itus in women. The Nurses’ Health Study. Am J Epidemiol
45:614-619, 1997
48. Chan JM, Rimm EB, Colditz GA, Stampfer MJ,

illett WC: Obesity, fat distribution, and weight gain as risk i
actors for clinical diabetes in men. Diabetes Care 17:961-
69, 1994
49. Kaye SA, Folsom AR, Sprafka JM, Prineas RJ,
allace RB: Increased incidence of diabetes mellitus in

elation to abdominal adiposity in older women. J Clin
pidemiol 44:329-334, 1991
50. Lundgren H, Bengtsson C, Blohme G, Lapidus L,

jostrom L: Adiposity and adipose tissue distribution in
elation to incidence of diabetes in women: Results from a
rospective population study in Gothenburg, Sweden. Int J
bes 13:413-423, 1989
51. Ohlson LO, Larsson B, Svardsudd K, et al: The

nfluence of body fat distribution on the incidence of
iabetes mellitus. 13.5 Years of follow-up of the participants
n the study of men born in 1913. Diabetes 34:1055-1058,
985
52. Sargeant LA, Bennett FI, Forrester TE, Cooper RS,
ilks RJ: Predicting incident diabetes in Jamaica: The role

f anthropometry. Obes Res 10:792-798, 2002
53. Warne DK, Charles MA, Hanson RL, et al: Compari-

on of body size measurements as predictors of NIDDM in
ima Indians. Diabetes Care 18:435-439, 1995
54. Wei M, Gaskill SP, Haffner SM, Stern MP: Waist

ircumference as the best predictor of noninsulin dependent
iabetes mellitus (NIDDM) compared to body mass index,
aist/hip ratio and other anthropometric measurements in
exican Americans—A 7-year prospective study. Obes Res

:16-23, 1997
55. Tulloch-Reid MK, Williams DE, Looker HC, Hanson

L, Knowler WC: Do measures of body fat distribution
rovide information on the risk of type 2 diabetes in addition
o measures of general obesity? Comparison of anthropomet-
ic predictors of type 2 diabetes in Pima Indians. Diabetes
are 26:2556-2561, 2003
56. Chagnac A, Weinstein T, Korzets A, Ramadan E,

irsch J, Gafter U: Glomerular hemodynamics in severe
besity. Am J Physiol Renal Physiol 278:F817-F822, 2000
57. Ribstein J, du Cailar G, Mimran A: Combined renal

ffects of overweight and hypertension. Hypertension 26:610-
15, 1995
58. Folsom AR, Kushi LH, Hong CP: Physical activity

nd incident diabetes mellitus in postmenopausal women.
m J Public Health 90:134-138, 2000
59. Helmrich SP, Ragland DR, Leung RW, Paffenbarger

S Jr: Physical activity and reduced occurrence of non-
nsulin-dependent diabetes mellitus. N Engl J Med 325:147-
52, 1991
60. Kriska AM, Saremi A, Hanson RL, et al: Physical

ctivity, obesity, and the incidence of type 2 diabetes in a
igh-risk population. Am J Epidemiol 158:669-675, 2003
61. Manson JE, Nathan DM, Krolewski AS, Stampfer
J, Willett WC, Hennekens CH: A prospective study of

xercise and incidence of diabetes among US male physi-
ians. JAMA 268:63-67, 1992

62. Manson JE, Rimm EB, Stampfer MJ, et al: Physical
ctivity and incidence of non-insulin-dependent diabetes
ellitus in women. Lancet 338:774-778, 1991
63. Knowler WC, Barrett-Connor E, Fowler SE, et al:

eduction in the incidence of type 2 diabetes with lifestyle

ntervention or metformin. N Engl J Med 346:393-403, 2002



e
g
D

P
a
J

W
c

P
c

T
M

D
t

E
a
S

K
e
C

c
D

L
A
a

I
t
c
3

M
t
g
C

K
d
9

W
w
1

T
a
p

H
n
2

S
d
m
2

F
D
D

i
a
S
S

a
T
P

o
b

G
d
(

P
W

d
P

D
D

G
a
T
2

T
I
d
5

T
I
d
5

A
d
2

M
n

e

ReferencesS162
64. Pan XR, Li GW, Hu YH, et al: Effects of diet and
xercise in preventing NIDDM in people with impaired
lucose tolerance. The Da Qing IGT and Diabetes Study.
iabetes Care 20:537-544, 1997
65. Tuomilehto J, Lindstrom J, Eriksson JG, et al:

revention of type 2 diabetes mellitus by changes in lifestyle
mong subjects with impaired glucose tolerance. N Engl
Med 344:1343-1350, 2001
66. Molitch ME, Fujimoto W, Hamman RF, Knowler
C: The diabetes prevention program and its global impli-

ations. J Am Soc Nephrol 14:S103-S107, 2003 (suppl 2)
67. Ramachandran A, Snehalatha C, Vinitha R, et al:

revalence of overweight in urban Indian adolescent school
hildren. Diabetes Res Clin Pract 57:185-190, 2002

68. Pazmino PA, Pazmino AK: Diabetic renal failure in
exas: Influence of ethnicity and household income. Tex
ed 99:57-65, 2003
69. Brancati FL, Whelton PK, Kuller LH, Klag MJ:

iabetes mellitus, race, and socioeconomic status. A popula-
ion-based study. Ann Epidemiol 6:67-73, 1996

70. Hazuda HP, Haffner SM, Stern MP, Eifler CW:
ffects of acculturation and socioeconomic status on obesity
nd diabetes in Mexican Americans. The San Antonio Heart
tudy. Am J Epidemiol 128:1289-1301, 1988
71. Alberti G, Zimmet P, Shaw J, Bloomgarden Z,

aufman F, Silink M: Type 2 diabetes in the young: The
volving epidemic: The International Diabetes Federation
onsensus Workshop. Diabetes Care 27:1798-1811, 2004
72. Singh R, Shaw J, Zimmet P: Epidemiology of

hildhood type 2 diabetes in the developing world. Pediatr
iabetes 5:154-168, 2004
73. Acton KJ, Burrows NR, Moore K, Querec L, Geiss

S, Engelgau MM: Trends in diabetes prevalence among
merican Indian and Alaska native children, adolescents,

nd young adults. Am J Public Health 92:1485-1490, 2002
74. Kitagawa T, Owada M, Urakami T, Yamauchi K:

ncreased incidence of non-insulin dependent diabetes melli-
us among Japanese schoolchildren correlates with an in-
reased intake of animal protein and fat. Clin Pediatr (Phila)
7:111-115, 1998
75. Urakami T, Kubota S, Nitadori Y, Harada K, Owada
, Kitagawa T: Annual incidence and clinical characteris-

ics of type 2 diabetes in children as detected by urine
lucose screening in the Tokyo metropolitan area. Diabetes
are 28:1876-1881, 2005
76. Dabelea D, Hanson RL, Bennett PH, Roumain J,

nowler WC, Pettitt DJ: Increasing prevalence of type II
iabetes in American Indian children. Diabetologia 41:904-
10, 1998
77. Pettitt DJ, Baird HR, Aleck KA, Bennett PH, Knowler
C: Excessive obesity in offspring of Pima Indian women
ith diabetes during pregnancy. N Engl J Med 308:242-245,
983
78. Fagot-Campagna A, Pettitt DJ, Engelgau MM, et al:

ype 2 diabetes among North American children and
dolescents: An epidemiologic review and a public health
erspective. J Pediatr 136:664-672, 2000
79. Krakoff J, Lindsay RS, Looker HC, Nelson RG,

anson RL, Knowler WC: Incidence of retinopathy and
ephropathy in youth-onset compared with adult-onset type

diabetes. Diabetes Care 26:76-81, 2003 d
80. Pavkov ME, Bennett PH, Knowler WC, Krakoff J,
ievers ML, Nelson RG: Effect of youth-onset type 2
iabetes mellitus on incidence of end-stage renal disease and
ortality in young and middle-aged Pima Indians. JAMA

96:421-426, 2006
81. Lee ET, Keen H, Bennett PH, Fuller JH, Lu M:

ollow-up of the WHO Multinational Study of Vascular
isease in Diabetes: General description and morbidity.
iabetologia 44:S3-S13, 2001 (suppl 2)
82. Lee ET, Lu M, Bennett PH, Keen H: Vascular disease

n younger-onset diabetes: Comparison of European, Asian
nd American Indian cohorts of the WHO Multinational
tudy of Vascular Disease in Diabetes. Diabetologia 44:S78-
81, 2001 (suppl 2)
83. Uchigata Y: Long-term outcome of type 2 diabetes in

dolescence, in Silink M, Kida K, Rosenbloom AL (eds):
ype 2 Diabetes in Childhood and Adolescence: A Global
erspective. New York, NY, Dunitz, 2003, pp 187-210
84. Yokoyama H, Okudaira M, Otani T, et al: Existence

f early-onset NIDDM Japanese demonstrating severe dia-
etic complications. Diabetes Care 20:844-847, 1997
85. Brown AF, Mangione CM, Saliba D, Sarkisian CA:

uidelines for improving the care of the older person with
iabetes mellitus. J Am Geriatr Soc 51:S265-S280, 2003
suppl)

86. Pettitt DJ, Knowler WC: Diabetes and obesity in the
ima Indians: A crossgenerational vicious cycle. J Obes
eight Regul 7:61-65, 1988
87. Nelson RG, Morgenstern H, Bennett PH: Intrauterine

iabetes exposure and the risk of renal disease in diabetic
ima Indians. Diabetes 47:1489-1493, 1998
88. Gregg EW, Beckles GL, Williamson DF, et al:

iabetes and physical disability among older U.S. adults.
iabetes Care 23:1272-1277, 2000
89. Volpato S, Blaum C, Resnick H, Ferrucci L, Fried LP,

uralnik JM: Comorbidities and impairments explaining the
ssociation between diabetes and lower extremity disability:
he Women’s Health and Aging Study. Diabetes Care
5:678-683, 2002
90. Klein R, Klein BE, Moss SE, Davis MD, DeMets DL:

he Wisconsin epidemiologic study of diabetic retinopathy.
I. Prevalence and risk of diabetic retinopathy when age at
iagnosis is less than 30 years. Arch Ophthalmol 102:520-
26, 1984
91. Klein R, Klein BE, Moss SE, Davis MD, DeMets DL:

he Wisconsin epidemiologic study of diabetic retinopathy.
II. Prevalence and risk of diabetic retinopathy when age at
iagnosis is 30 or more years. Arch Ophthalmol 102:527-
32, 1984
92. McKenna MT, Michaud CM, Murray CJ, Marks JS:

ssessing the burden of disease in the United States using
isability-adjusted life years. Am J Prev Med 28:415-423,
005
93. Kleinman JC, Donahue RP, Harris MI, Finucane FF,
adans JH, Brock DB: Mortality among diabetics in a

ational sample. Am J Epidemiol 128:389-401, 1988
94. Borch-Johnsen K, Andersen PK, Deckert T: The

ffect of proteinuria on relative mortality in type 1 (insulin-

ependent) diabetes mellitus. Diabetologia 28:590-596, 1985



K
D

E
t
1

l
r

P
t
D
c

p
d

p
s

t
s
2

A
S
c
F
G
M

V
c
N

t
c
t
3

D
i
p
I

R
c
t

C
a
i
(

e
d
t

i

o
d
y

I
J

c
i
p
a
i

g
w
C
4

I
3

m
m
E
2

s
t
2

E
c
(

S
w
p
r

m
u
1

P
a
t
A
(
v
R
W
2

K
d
s
I

f
i

References S163
95. Nelson RG, Pettitt DJ, Carraher MJ, Baird HR,
nowler WC: Effect of proteinuria on mortality in NIDDM.
iabetes 37:1499-1504, 1988
96. Stephenson JM, Kenny S, Stevens LK, Fuller JH, Lee

: Proteinuria and mortality in diabetes: The WHO Multina-
ional Study of Vascular Disease in Diabetes. Diabet Med
2:149-155, 1995
97. MRC/BHF Heart Protection Study of cholesterol

owering with simvastatin in 20,536 high-risk individuals: A
andomised placebo-controlled trial. Lancet 360:7-22, 2002

98. Colhoun HM, Betteridge DJ, Durrington PN, et al:
rimary prevention of cardiovascular disease with atorvasta-

in in type 2 diabetes in the Collaborative Atorvastatin
iabetes Study (CARDS): Multicentre randomised placebo-

ontrolled trial. Lancet 364:685-696, 2004
99. Tonelli M, Keech A, Shepherd J, et al: Effect of

ravastatin in people with diabetes and chronic kidney
isease. J Am Soc Nephrol 16:3748-3754, 2005
100. Wanner C, Krane V, Marz W, et al: Atorvastatin in

atients with type 2 diabetes mellitus undergoing hemodialy-
is. N Engl J Med 353:238-248, 2005

101. Wackers FJ, Young LH, Inzucchi SE, et al: Detec-
ion of silent myocardial ischemia in asymptomatic diabetic
ubjects: The DIAD study. Diabetes Care 27:1954-1961,
004
102. Antman EM, Anbe DT, Armstrong PW, et al:

CC/AHA guidelines for the management of patients with
T-elevation myocardial infarction: A report of the Ameri-
an College of Cardiology/American Heart Association Task
orce on Practice Guidelines (Committee to Revise the 1999
uidelines for the Management of Patients with Acute
yocardial Infarction). Circulation 110:282-292, 2004
103. Pfeffer MA, McMurray JJ, Velazquez EJ, et al:

alsartan, captopril, or both in myocardial infarction compli-
ated by heart failure, left ventricular dysfunction, or both.

Engl J Med 349:1893-1906, 2003
104. Heart Outcomes Prevention Evaluation Study Inves-

igators: Effects of ramipril on cardiovascular and microvas-
ular outcomes in people with diabetes mellitus: Results of
he HOPE study and MICRO-HOPE substudy. Lancet
55:253-259, 2000
105. Yusuf S, Sleight P, Pogue J, Bosch J, Davies R,

agenais G: Effects of an angiotensin-converting-enzyme
nhibitor, ramipril, on cardiovascular events in high-risk
atients. The Heart Outcomes Prevention Evaluation Study
nvestigators. N Engl J Med 342:145-153, 2000

106. Mann JF, Gerstein HC, Pogue J, Bosch J, Yusuf S:
enal insufficiency as a predictor of cardiovascular out-
omes and the impact of ramipril: The HOPE randomized
rial. Ann Intern Med 134:629-636, 2001

107. Tokmakova MP, Skali H, Kenchaiah S, et al:
hronic kidney disease, cardiovascular risk, and response to
ngiotensin-converting enzyme inhibition after myocardial
nfarction: The Survival And Ventricular Enlargement
SAVE) Study. Circulation 110:3667-3673, 2004

108. Bakris GL, Fonseca V, Katholi RE, et al: Metabolic
ffects of carvedilol vs metoprolol in patients with type 2
iabetes mellitus and hypertension: A randomized controlled
rial. JAMA 292:2227-2236, 2004

109. Malmberg K, Ryden L, Efendic S, et al: Random-

zed trial of insulin-glucose infusion followed by subcutane- 2
us insulin treatment in diabetic patients with acute myocar-
ial infarction (DIGAMI study): Effects on mortality at 1
ear. J Am Coll Cardiol 26:57-65, 1995
110. Van den Berghe G, Wouters P, Weekers F, et al:

ntensive insulin therapy in the critically ill patients. N Engl
Med 345:1359-1367, 2001
111. Yusuf S, Mehta SR, Diaz R, et al: Challenges in the

onduct of large simple trials of important generic questions
n resource-poor settings: The CREATE and ECLA trial
rogram evaluating GIK (glucose, insulin and potassium)
nd low-molecular-weight heparin in acute myocardial
nfarction. Am Heart J 148:1068-1078, 2004

112. Mehta SR, Yusuf S, Diaz R, et al: Effect of
lucose-insulin-potassium infusion on mortality in patients
ith acute ST-segment elevation myocardial infarction: The
REATE-ECLArandomized controlled trial. JAMA293:437-
46, 2005
113. Van den Berghe G, Wilmer A, Hermans G, et al:

ntensive insulin therapy in the medical ICU. N Engl J Med
54:449-461, 2006
114. Malmberg K, Ryden L, Wedel H, et al: Intense
etabolic control by means of insulin in patients with diabetes
ellitus and acute myocardial infarction (DIGAMI 2):
ffects on mortality and morbidity. Eur Heart J 26:650-661,
005
115. Nathan DM, Cleary PA, Backlund JY, et al: Inten-

ive diabetes treatment and cardiovascular disease in pa-
ients with type 1 diabetes. N Engl J Med 353:2643-2653,
005
116. UK Prospective Diabetes Study (UKPDS) Group:

ffect of intensive blood-glucose control with metformin on
omplications in overweight patients with type 2 diabetes
UKPDS 34). Lancet 352:854-865, 1998

117. Dormandy JA, Charbonnel B, Eckland DJ, et al:
econdary prevention of macrovascular events in patients
ith type 2 diabetes in the PROactive Study (PROspective
ioglitAzone Clinical Trial In macroVascular Events): A
andomised controlled trial. Lancet 366:1279-1289, 2005

118. Kao J, Tobis J, McClelland RL, et al: Relation of
etformin treatment to clinical events in diabetic patients

ndergoing percutaneous intervention. Am J Cardiol 93:1347-
350, A1345, 2004
119. Gibler WB, Cannon CP, Blomkalns AL, et al:

ractical implementation of the guidelines for unstable
ngina/non-ST-segment elevation myocardial infarction in
he emergency department: A scientific statement from the
merican Heart Association Council on Clinical Cardiology

Subcommittee on Acute Cardiac Care), Council on Cardio-
ascular Nursing, and Quality of Care and Outcomes
esearch Interdisciplinary Working Group, in Collaboration
ith the Society of Chest Pain Centers. Circulation 111:2699-

710, 2005
120. Freeman RV, Mehta RH, Al Badr W, Cooper JV,

line-Rogers E, Eagle KA: Influence of concurrent renal
ysfunction on outcomes of patients with acute coronary
yndromes and implications of the use of glycoprotein
Ib/IIIa inhibitors. J Am Coll Cardiol 41:718-724, 2003

121. Reddan DN, Szczech L, Bhapkar MV, et al: Renal
unction, concomitant medication use and outcomes follow-
ng acute coronary syndromes. Nephrol Dial Transplant

0:2105-2112, 2005



G
i
i
2

m
c

e
r
l

k
p
J

c
r
S

s
S
a
a

R
s
i
(

w
p
C

c
e
w
3

o
p
C

s
o
t
3

d
b
t
2

I
i
c
L

i
d

C
T

i
c
d
6

L
d
2

l
o
J

o
c
d

P
f
d
s

K
p
M

g
s

i
W

S
p

c
t
s

c
h

a
m

F
d
(

s
H

i
m
w
2

ReferencesS164
122. Shlipak MG, Heidenreich PA, Noguchi H, Chertow
M, Browner WS, McClellan MB: Association of renal

nsufficiency with treatment and outcomes after myocardial
nfarction in elderly patients. Ann Intern Med 137:555-562,
002
123. Wright RS, Reeder GS, Herzog CA, et al: Acute
yocardial infarction and renal dysfunction: A high-risk

ombination. Ann Intern Med 137:563-570, 2002
124. Hemmelgarn BR, Southern D, Culleton BF, Mitch-

ll LB, Knudtson ML, Ghali WA: Survival after coronary
evascularization among patients with kidney disease. Circu-
ation 110:1890-1895, 2004

125. Reddan DN, Szczech LA, Tuttle RH, et al: Chronic
idney disease, mortality, and treatment strategies among
atients with clinically significant coronary artery disease.
Am Soc Nephrol 14:2373-2380, 2003
126. Ix JH, Mercado N, Shlipak MG, et al: Association of

hronic kidney disease with clinical outcomes after coronary
evascularization: The Arterial Revascularization Therapies
tudy (ARTS). Am Heart J 149:512-519, 2005
127. Moussa I, Leon MB, Baim DS, et al: Impact of

irolimus-eluting stents on outcome in diabetic patients: A
IRIUS (SIRolImUS-coated Bx Velocity balloon-expand-
ble stent in the treatment of patients with de novo coronary
rtery lesions) substudy. Circulation 109:2273-2278, 2004

128. Sabate M, Jimenez-Quevedo P, Angiolillo DJ, et al:
andomized comparison of sirolimus-eluting stent versus

tandard stent for percutaneous coronary revascularization
n diabetic patients: The diabetes and sirolimus-eluting stent
DIABETES) trial. Circulation 112:2175-2183, 2005

129. Hermiller JB, Raizner A, Cannon L, et al: Outcomes
ith the polymer-based paclitaxel-eluting TAXUS stent in
atients with diabetes mellitus: The TAXUS-IV trial. J Am
oll Cardiol 45:1172-1179, 2005
130. Mehilli J, Kastrati A, Schuhlen H, et al: Randomized

linical trial of abciximab in diabetic patients undergoing
lective percutaneous coronary interventions after treatment
ith a high loading dose of clopidogrel. Circulation 110:
627-3635, 2004
131. Marso SP, Ellis SG, Tuzcu M, et al: The importance

f proteinuria as a determinant of mortality following
ercutaneous coronary revascularization in diabetics. J Am
oll Cardiol 33:1269-1277, 1999
132. The Diabetes Control and Complications Trial Re-

earch Group: The effect of intensive treatment of diabetes
n the development and progression of long-term complica-
ions in insulin-dependent diabetes mellitus. N Engl J Med
29:977-986, 1993
133. Sustained effect of intensive treatment of type 1

iabetes mellitus on development and progression of dia-
etic nephropathy: The Epidemiology of Diabetes Interven-
ions and Complications (EDIC) Study. JAMA 290:2159-
167, 2003
134. UK Prospective Diabetes Study (UKPDS) Group:

ntensive blood-glucose control with sulphonylureas or
nsulin compared with conventional treatment and risk of
omplications in patients with type 2 diabetes (UKPDS 33).
ancet 352:837-853, 1998
135. Levin SR, Coburn JW, Abraira C, et al: Effect of

ntensive glycemic control on microalbuminuria in type 2

iabetes. Veterans Affairs Cooperative Study on Glycemic l
ontrol and Complications in Type 2 Diabetes Feasibility
rial Investigators. Diabetes Care 23:1478-1485, 2000
136. Ohkubo Y, Kishikawa H, Araki E, et al: Intensive

nsulin therapy prevents the progression of diabetic microvas-
ular complications in Japanese patients with non-insulin-
ependent diabetes mellitus: A randomized prospective
-year study. Diabetes Res Clin Pract 28:103-117, 1995
137. Shichiri M, Kishikawa H, Ohkubo Y, Wake N:

ong-term results of the Kumamoto Study on optimal
iabetes control in type 2 diabetic patients. Diabetes Care
3:B21-B29, 2000 (suppl 2)
138. Reichard P, Nilsson BY, Rosenqvist U: The effect of

ong-term intensified insulin treatment on the development
f microvascular complications of diabetes mellitus. N Engl
Med 329:304-309, 1993
139. Brocco E, Velussi M, Cernigoi AM, et al: Evidence

f a threshold value of glycated hemoglobin to improve the
ourse of renal function in type 2 diabetes with typical
iabetic glomerulopathy. J Nephrol 14:461-471, 2001
140. Holman RR, Dornan TL, Mayon-White V, et al:

revention of deterioration of renal and sensory-nerve
unction by more intensive management of insulin-depen-
ent diabetic patients. A two-year randomised prospective
tudy. Lancet 1:204-208, 1983

141. Viberti GC, Bilous RW, Mackintosh D, Bending JJ,
een H: Long term correction of hyperglycaemia and
rogression of renal failure in insulin dependent diabetes. Br
ed J 286:598-602, 1983
142. Gerich JE, Meyer C, Woerle HJ, Stumvoll M: Renal

luconeogenesis: Its importance in human glucose homeosta-
is. Diabetes Care 24:382-391, 2001

143. Hasslacher C, Wittmann W: [Severe hypoglycemia
n diabetics with impaired renal function]. Dtsch Med

ochenschr 128:253-256, 2003
144. Muhlhauser I, Toth G, Sawicki PT, Berger M:

evere hypoglycemia in type I diabetic patients with im-
aired kidney function. Diabetes Care 14:344-346, 1991
145. Yu CC, Wu MS, Wu CH, et al: Predialysis glycemic

ontrol is an independent predictor of clinical outcome in
ype II diabetics on continuous ambulatory peritoneal dialy-
is. Perit Dial Int 17:262-268, 1997

146. Morioka T, Emoto M, Tabata T, et al: Glycemic
ontrol is a predictor of survival for diabetic patients on
emodialysis. Diabetes Care 24:909-913, 2001
147. Brocco E, Fioretto P, Mauer M, et al: Renal structure

nd function in non-insulin dependent diabetic patients with
icroalbuminuria. Kidney Int Suppl 63:S40-S44, 1997
148. Dalla Vestra M, Saller A, Bortoloso E, Mauer M,

ioretto P: Structural involvement in type 1 and type 2
iabetic nephropathy. Diabetes Metab 26:S8-S14, 2000
suppl 4)

149. de Courten MP, Pettitt DJ, Knowler WC: Hyperten-
ion in Pima Indians: Prevalence and predictors. Public
ealth Rep 111:S40-S43, 1996 (suppl 2)
150. Go RC, Desmond R, Roseman JM, Bell DS, Van-

chanan C, Acton RT: Prevalence and risk factors of
icroalbuminuria in a cohort of African-American women
ith gestational diabetes. Diabetes Care 24:1764-1769,
001
151. Parving HH, Hommel E, Mathiesen E, et al: Preva-
ence of microalbuminuria, arterial hypertension, retinopa-



t
d

m

a
u
e
S
H

R
D
s

g
e
i
H

S
t
h

e
m
K

b
t
c

e
c
p
m

E
s
u

G
t
t

t
z
A
1

L
c
p
I

G
r
u

o
n

M
1

E
p
c
G

o
w
3

e
b
J

t
t
N

a
c

E
t
A

o
a
n
a
(

b
R
1

2

t
E
C

C
d
A
6

i
f
1

E
h
f
H

m
t

References S165
hy and neuropathy in patients with insulin dependent
iabetes. Br Med J 296:156-160, 1988
152. Tobe SW, McFarlane PA, Naimark DM: Microalbu-
inuria in diabetes mellitus. CMAJ 167:499-503, 2002
153. Wachtell K, Palmieri V, Olsen MH, et al: Urine

lbumin/creatinine ratio and echocardiographic left ventric-
lar structure and function in hypertensive patients with
lectrocardiographic left ventricular hypertrophy: The LIFE
tudy. Losartan Intervention for Endpoint Reduction. Am
eart J 143:319-326, 2002
154. Chobanian AV, Bakris GL, Black HR, et al: Seventh

eport of the Joint National Committee on Prevention,
etection, Evaluation, and Treatment of High Blood Pres-

ure. Hypertension 42:1206-1252, 2003
155. Agardh CD, Garcia-Puig J, Charbonnel B, An-

elkort B, Barnett AH: Greater reduction of urinary albumin
xcretion in hypertensive type II diabetic patients with
ncipient nephropathy by lisinopril than by nifedipine. J
um Hypertens 10:185-192, 1996
156. Chan JC, Cockram CS, Nicholls MG, Cheung CK,

waminathan R: Comparison of enalapril and nifedipine in
reating non-insulin dependent diabetes associated with
ypertension: One year analysis. BMJ 305:981-985, 1992
157. Chan JC, Ko GT, Leung DH, et al: Long-term

ffects of angiotensin-converting enzyme inhibition and
etabolic control in hypertensive type 2 diabetic patients.
idney Int 57:590-600, 2000
158. De Cesaris R, Ranieri G, Andriani A, et al: Effects of

enazepril and nicardipine on microalbuminuria in normo-
ensive and hypertensive patients with diabetes. Clin Pharma-
ol Ther 60:472-478, 1996

159. Laffel LM, McGill JB, Gans DJ: The beneficial
ffect of angiotensin-converting enzyme inhibition with
aptopril on diabetic nephropathy in normotensive IDDM
atients with microalbuminuria. North American Microalbu-
inuria Study Group. Am J Med 99:497-504, 1995
160. Mathiesen ER, Hommel E, Giese J, Parving HH:

fficacy of captopril in postponing nephropathy in normoten-
ive insulin dependent diabetic patients with microalbumin-
ria. BMJ 303:81-87, 1991
161. Parving HH, Lehnert H, Brochner-Mortensen J,

omis R, Andersen S, Arner P: The effect of irbesartan on
he development of diabetic nephropathy in patients with
ype 2 diabetes. N Engl J Med 345:870-878, 2001

162. Ravid M, Lang R, Rachmani R, Lishner M: Long-
erm renoprotective effect of angiotensin-converting en-
yme inhibition in non-insulin-dependent diabetes mellitus.

7-year follow-up study. Arch Intern Med 156:286-289,
996
163. Ravid M, Savin H, Jutrin I, Bental T, Katz B,

ishner M: Long-term stabilizing effect of angiotensin-
onverting enzyme inhibition on plasma creatinine and on
roteinuria in normotensive type II diabetic patients. Ann
ntern Med 118:577-581, 1993

164. Schnack C, Hoffmann W, Hopmeier P, Schernthaner
: Renal and metabolic effects of 1-year treatment with

amipril or atenolol in NIDDM patients with microalbumin-
ria. Diabetologia 39:1611-1616, 1996
165. Trevisan R, Tiengo A: Effect of low-dose ramipril

n microalbuminuria in normotensive or mild hypertensive

on-insulin-dependent diabetic patients. North-East Italy 3
icroalbuminuria Study Group. Am J Hypertens 8:876-883,
995
166. Viberti G, Mogensen CE, Groop LC, Pauls JF:

ffect of captopril on progression to clinical proteinuria in
atients with insulin-dependent diabetes mellitus and mi-
roalbuminuria. European Microalbuminuria Captopril Study
roup. JAMA 271:275-279, 1994
167. Brenner BM, Cooper ME, de Zeeuw D, et al: Effects

f losartan on renal and cardiovascular outcomes in patients
ith type 2 diabetes and nephropathy. N Engl J Med
45:861-869, 2001
168. Lewis EJ, Hunsicker LG, Bain RP, Rohde RD: The

ffect of angiotensin-converting-enzyme inhibition on dia-
etic nephropathy. The Collaborative Study Group. N Engl
Med 329:1456-1462, 1993
169. Lewis EJ, Hunsicker LG, Clarke WR, et al: Renopro-

ective effect of the angiotensin-receptor antagonist irbesar-
an in patients with nephropathy due to type 2 diabetes.

Engl J Med 345:851-860, 2001
170. Koshy S, Bakris GL: Therapeutic approaches to

chieve desired blood pressure goals: Focus on calcium
hannel blockers. Cardiovasc Drugs Ther 14:295-301, 2000

171. Lewis JB, Berl T, Bain RP, Rohde RD, Lewis EJ:
ffect of intensive blood pressure control on the course of

ype 1 diabetic nephropathy. Collaborative Study Group.
m J Kidney Dis 34:809-817, 1999
172. Rahman M, Pressel S, Davis BR, et al: Renal

utcomes in high-risk hypertensive patients treated with an
ngiotensin-converting enzyme inhibitor or a calcium chan-
el blocker vs a diuretic: A report from the Antihypertensive
nd Lipid-Lowering Treatment to Prevent Heart Attack Trial
ALLHAT). Arch Intern Med 165:936-946, 2005

173. Bakris GL, Weir MR, Shanifar S, et al: Effects of
lood pressure level on progression of diabetic nephropathy:
esults from the RENAAL Study. Arch Intern Med 163:1555-
565, 2003
174. Standards of medical care in diabetes. Diabetes Care

8:S4-S36, 2005 (suppl 1)
175. Grundy SM, Cleeman JI, Merz CN, et al: Implica-

ions of recent clinical trials for the National Cholesterol
ducation Program Adult Treatment Panel III guidelines.
irculation 110:227-239, 2004
176. Snow V, Aronson MD, Hornbake ER, Mottur-Pilson

, Weiss KB: Lipid control in the management of type 2
iabetes mellitus: A clinical practice guideline from the
merican College of Physicians. Ann Intern Med 140:644-
49, 2004
177. Vijan S, Hayward RA: Pharmacologic lipid-lower-

ng therapy in type 2 diabetes mellitus: Background paper
or the American College of Physicians. Ann Intern Med
40:650-658, 2004
178. Wright JD, Wang C-Y, Kennedy-Stephenson J,

rvin RB: Dietary intake of ten key nutrients for public
ealth, United States: 1999-2000. Hyattsville, MD, Centers
or Disease Control and Prevention, National Center for
ealth Statistics, 2003, pp 1-4
179. Kasiske BL, Lakatua JD, Ma JZ, Louis TA: A
eta-analysis of the effects of dietary protein restriction on

he rate of decline in renal function. Am J Kidney Dis

1:954-961, 1998



P
s
a

H
p
2

i
d
i
a

m
d
w
C

d
B

fi
t

m
o
C

p
T
t
a
J

l
d
N

K
k
d

C
r

i
g

r
h
4

K
r
e
J

a
p
6

E
i
F

P
t
N

D
f
m

m
c
N
5

o
A
S
3

p
b
r

o
I

G
i
a
8

m
i
I

5
a
j

c
t
D

L
m
S

l
u
4
1

P
e
n

ReferencesS166
180. Pedrini MT, Levey AS, Lau J, Chalmers TC, Wang
H: The effect of dietary protein restriction on the progres-
ion of diabetic and nondiabetic renal diseases: A meta-
nalysis. Ann Intern Med 124:627-632, 1996

181. Hansen HP, Tauber-Lassen E, Jensen BR, Parving
H: Effect of dietary protein restriction on prognosis in
atients with diabetic nephropathy. Kidney Int 62:220-228,
002
182. Azadbakht L, Shakerhosseini R, Atabak S, Jamshid-

an M, Mehrabi Y, Esmaill-Zadeh A: Beneficiary effect of
ietary soy protein on lowering plasma levels of lipid and
mproving kidney function in type II diabetes with nephrop-
thy. Eur J Clin Nutr 57:1292-1294, 2003

183. Dullaart RP, Beusekamp BJ, Meijer S, van Door-
aal JJ, Sluiter WJ: Long-term effects of protein-restricted

iet on albuminuria and renal function in IDDM patients
ithout clinical nephropathy and hypertension. Diabetes
are 16:483-492, 1993
184. Meloni C, Morosetti M, Suraci C, et al: Severe

ietary protein restriction in overt diabetic nephropathy:
enefits or risks? J Ren Nutr 12:96-101, 2002
185. Pecis M, de Azevedo MJ, Gross JL: Chicken and

sh diet reduces glomerular hyperfiltration in IDDM pa-
ients. Diabetes Care 17:665-672, 1994

186. Raal FJ, Kalk WJ, Lawson M, et al: Effect of
oderate dietary protein restriction on the progression of

vert diabetic nephropathy: A 6-mo prospective study. Am J
lin Nutr 60:579-585, 1994
187. Brenner BM, Meyer TW, Hostetter TH: Dietary

rotein intake and the progressive nature of kidney disease:
he role of hemodynamically mediated glomerular injury in

he pathogenesis of progressive glomerular sclerosis in
ging, renal ablation, and intrinsic renal disease. N Engl
Med 307:652-659, 1982
188. Gin H, Aparicio M, Potaux L, et al: Low-protein,

ow-phosphorus diet and tissue insulin sensitivity in insulin-
ependent diabetic patients with chronic renal failure.
ephron 57:411-415, 1991
189. Hansen HP, Christensen PK, Tauber-Lassen E,

lausen A, Jensen BR, Parving HH: Low-protein diet and
idney function in insulin-dependent diabetic patients with
iabetic nephropathy. Kidney Int 55:621-628, 1999
190. Hostetter TH, Meyer TW, Rennke HG, Brenner BM:

hronic effects of dietary protein in the rat with intact and
educed renal mass. Kidney Int 30:509-517, 1986

191. Meek RL, Cooney SK, Flynn SD, et al: Amino acids
nduce indicators of response to injury in glomerular mesan-
ial cells. Am J Physiol Renal Physiol 285:F79-F86, 2003
192. Tuttle KR, Bruton JL: Effect of insulin therapy on

enal hemodynamic response to amino acids and renal
ypertrophy in non-insulin-dependent diabetes. Kidney Int
2:167-173, 1992
193. Tuttle KR, Bruton JL, Perusek MC, Lancaster JL,

opp DT, DeFronzo RA: Effect of strict glycemic control on
enal hemodynamic response to amino acids and renal
nlargement in insulin-dependent diabetes mellitus. N Engl
Med 324:1626-1632, 1991
194. Tuttle KR, Johnson EC, Cooney SK, et al: Amino

cids injure mesangial cells by advanced glycation end
roducts, oxidative stress, and protein kinase C. Kidney Int

7:953-968, 2005 m
195. Tuttle KR, Puhlman ME, Cooney SK, Short RA:
ffects of amino acids and glucagon on renal hemodynamics

n type 1 diabetes. Am J Physiol Renal Physiol 282:F103-
112, 2002
196. Zatz R, Meyer TW, Rennke HG, Brenner BM:

redominance of hemodynamic rather than metabolic fac-
ors in the pathogenesis of diabetic glomerulopathy. Proc
atl Acad Sci U S A 82:5963-5967, 1985
197. Knight EL, Stampfer MJ, Hankinson SE, Spiegelman

, Curhan GC: The impact of protein intake on renal
unction decline in women with normal renal function or
ild renal insufficiency. Ann Intern Med 138:460-467, 2003
198. Wrone EM, Carnethon MR, Palaniappan L, Fort-
ann SP: Association of dietary protein intake and mi-

roalbuminuria in healthy adults: Third National Health and
utrition Examination Survey. Am J Kidney Dis 41:580-
87, 2003
199. Sacks FM, Svetkey LP, Vollmer WM, et al: Effects

n blood pressure of reduced dietary sodium and the Dietary
pproaches to Stop Hypertension (DASH) diet. DASH-
odium Collaborative Research Group. N Engl J Med
44:3-10, 2001
200. Appel LJ, Sacks FM, Carey VJ, et al: Effects of

rotein, monounsaturated fat, and carbohydrate intake on
lood pressure and serum lipids: Results of the OmniHeart
andomized trial. JAMA 294:2455-2464, 2005

201. He J, Gu D, Wu X, et al: Effect of soybean protein
n blood pressure: A randomized, controlled trial. Ann
ntern Med 143:1-9, 2005

202. Jibani MM, Bloodworth LL, Foden E, Griffiths KD,
alpin OP: Predominantly vegetarian diet in patients with

ncipient and early clinical diabetic nephropathy: Effects on
lbumin excretion rate and nutritional status. Diabet Med
:949-953, 1991
203. Should all patients with type 1 diabetes mellitus and
icroalbuminuria receive angiotensin-converting enzyme

nhibitors? A meta-analysis of individual patient data. Ann
ntern Med 134:370-379, 2001

204. Ahmad J, Shafique S, Abidi SM, Parwez I: Effect of
-year enalapril therapy on progression of microalbuminuria
nd glomerular structural changes in type 1 diabetic sub-
ects. Diabetes Res Clin Pract 60:131-138, 2003

205. Cordonnier DJ, Pinel N, Barro C, et al: Expansion of
ortical interstitium is limited by converting enzyme inhibi-
ion in type 2 diabetic patients with glomerulosclerosis. The
iabiopsies Group. J Am Soc Nephrol 10:1253-1263, 1999
206. Ravid M, Savin H, Jutrin I, Bental T, Lang R,

ishner M: Long-term effect of ACE inhibition on develop-
ent of nephropathy in diabetes mellitus type II. Kidney Int
uppl 45:S161-S164, 1994
207. Sano T, Hotta N, Kawamura T, et al: Effects of

ong-term enalapril treatment on persistent microalbumin-
ria in normotensive type 2 diabetic patients: Results of a
-year, prospective, randomized study. Diabet Med 13:120-
24, 1996
208. Mathiesen ER, Hommel E, Hansen HP, Smidt UM,

arving HH: Randomised controlled trial of long term
fficacy of captopril on preservation of kidney function in
ormotensive patients with insulin dependent diabetes and

icroalbuminuria. BMJ 319:24-25, 1999



K
i
m

u
w
K

A
t
1

P
2
6

s
t

P
2

4

m
T

L
r

e

“
t

f
m
b

o
k

M
d

T
d
M

e
e

P
d
1

D
m
2

a
p

o
f
d

s
l

s
t

o
s

f
d
d

H
i
f

e
3

u
I

p
D

c
e
E
1

l
i
J

L
m
o

B
i
t

R
c
C

E
s
c

P

References S167
209. Andersen S, Brochner-Mortensen J, Parving HH:
idney function during and after withdrawal of long-term

rbesartan treatment in patients with type 2 diabetes and
icroalbuminuria. Diabetes Care 26:3296-3302, 2003
210. Atkins RC, Briganti EM, Lewis JB, et al: Protein-

ria reduction and progression to renal failure in patients
ith type 2 diabetes mellitus and overt nephropathy. Am J
idney Dis 45:281-287, 2005
211. de Zeeuw D, Remuzzi G, Parving HH, et al:

lbuminuria, a therapeutic target for cardiovascular protec-
ion in type 2 diabetic patients with nephropathy. Circulation
10:921-927, 2004

212. de Zeeuw D, Remuzzi G, Parving HH, et al:
roteinuria, a target for renoprotection in patients with type
diabetic nephropathy: Lessons from RENAAL. Kidney Int
5:2309-2320, 2004
213. Calvo G, de Andres-Trelles F: Albuminuria as a

urrogate marker for drug development: A European Regula-
ory perspective. Kidney Int Suppl 92:S126-S127, 2004

214. Flegal KM, Carroll MD, Ogden CL, Johnson CL:
revalence and trends in obesity among US adults, 1999-
000. JAMA 288:1723-1727, 2002
215. Kidney Early Evaluation Program. Am J Kidney Dis

5:S1-S135, 2005 (suppl 2)
216. Hall JE, Henegar JR, Dwyer TM, et al: Is obesity a
ajor cause of chronic kidney disease? Adv Ren Replace
her 11:41-54, 2004
217. Hall JE, Jones DW, Kuo JJ, da Silva A, Tallam LS,

iu J: Impact of the obesity epidemic on hypertension and
enal disease. Curr Hypertens Rep 5:386-392, 2003

218. Iseki K: Factors influencing the development of
nd-stage renal disease. Clin Exp Nephrol 9:5-14, 2005

219. Saxena A, Chopra R: Renal risks of an emerging
epidemic” of obesity: The role of adipocyte-derived fac-
ors. Dial Transplant 33:11-21, 2004

220. Soto FC, Higa-Sansone G, Copley JB, et al: Renal
ailure, glomerulonephritis and morbid obesity: Improve-
ent after rapid weight loss following laparoscopic gastric

ypass. Obes Surg 15:137-140, 2005
221. Wiggins KJ, Johnson DW: The influence of obesity

n the development and survival outcomes of chronic
idney disease. Adv Chronic Kidney Dis 12:49-55, 2005
222. Mogensen CE, Chachati A, Christensen CK, et al:
icroalbuminuria: An early marker of renal involvement in

iabetes. Uremia Invest 9:85-95, 1985
223. Mathiesen ER, Ronn B, Storm B, Foght H, Deckert

: The natural course of microalbuminuria in insulin-
ependent diabetes: A 10-year prospective study. Diabet
ed 12:482-487, 1995
224. Caramori ML, Fioretto P, Mauer M: The need for

arly predictors of diabetic nephropathy risk: Is albumin
xcretion rate sufficient? Diabetes 49:1399-1408, 2000

225. Forsblom CM, Groop PH, Ekstrand A, Groop LC:
redictive value of microalbuminuria in patients with insulin-
ependent diabetes of long duration. BMJ 305:1051-1053,
992
226. Perkins BA, Ficociello LH, Silva KH, Finkelstein

M, Warram JH, Krolewski AS: Regression of microalbu-
inuria in type 1 diabetes. N Engl J Med 348:2285-2293,
003 D
227. Araki S, Haneda M, Sugimoto T, et al: Factors
ssociated with frequent remission of microalbuminuria in
atients with type 2 diabetes. Diabetes 54:2983-2987, 2005
228. Caramori ML, Kim Y, Huang C, et al: Cellular basis

f diabetic nephropathy: 1. Study design and renal structural-
unctional relationships in patients with long-standing type 1
iabetes. Diabetes 51:506-513, 2002
229. Fioretto P, Steffes MW, Mauer M: Glomerular

tructure in nonproteinuric IDDM patients with various
evels of albuminuria. Diabetes 43:1358-1364, 1994

230. Fioretto P, Mauer M, Carraro A, et al: Renal
tructural changes in non-insulin-dependent diabetes melli-
us. Am J Hypertens 10:184S-188S, 1997 (suppl 1)

231. Krolewski M, Eggers PW, Warram JH: Magnitude
f end-stage renal disease in IDDM: A 35 year follow-up
tudy. Kidney Int 50:2041-2046, 1996

232. Microalbuminuria Collaborative Study Group: Risk
actors for development of microalbuminuria in insulin
ependent diabetic patients: A cohort study. United King-
om. BMJ 306:1235-1239, 1993
233. Messent JW, Elliott TG, Hill RD, Jarrett RJ, Keen

, Viberti GC: Prognostic significance of microalbuminuria
n insulin-dependent diabetes mellitus: A twenty-three year
ollow-up study. Kidney Int 41:836-839, 1992

234. MacLeod JM, Lutale J, Marshall SM: Albumin
xcretion and vascular deaths in NIDDM. Diabetologia
8:610-616, 1995
235. Yudkin JS, Forrest RD, Jackson CA: Microalbumin-

ria as predictor of vascular disease in non-diabetic subjects.
slington Diabetes Survey. Lancet 2:530-533, 1988

236. Microvascular and acute complications in IDDM
atients: The EURODIAB IDDM Complications Study.
iabetologia 37:278-285, 1994
237. Lloyd CE, Stephenson J, Fuller JH, Orchard TJ: A

omparison of renal disease across two continents; The
pidemiology of diabetes complications study and the
URODIAB IDDM Complications Study. Diabetes Care
9:219-225, 1996
238. Marshall SM, Alberti KG: Comparison of the preva-

ence and associated features of abnormal albumin excretion
n insulin-dependent and non-insulin-dependent diabetes. Q
Med 70:61-71, 1989
239. Collins VR, Dowse GK, Finch CF, Zimmet PZ,

innane AW: Prevalence and risk factors for micro- and
acroalbuminuria in diabetic subjects and entire population

f Nauru. Diabetes 38:1602-1610, 1989
240. Nelson RG, Kunzelman CL, Pettitt DJ, Saad MF,

ennett PH, Knowler WC: Albuminuria in type 2 (non-
nsulin-dependent) diabetes mellitus and impaired glucose
olerance in Pima Indians. Diabetologia 32:870-876, 1989

241. Simmons D, Shaw LM, Scott DJ, Kenealy T, Scragg
K: Diabetic nephropathy and microalbuminuria in the
ommunity. The South Auckland Diabetes Survey. Diabetes
are 17:1404-1410, 1994
242. Warram JH, Gearin G, Laffel L, Krolewski AS:

ffect of duration of type I diabetes on the prevalence of
tages of diabetic nephropathy defined by urinary albumin/
reatinine ratio. J Am Soc Nephrol 7:930-937, 1996

243. Poggio ED, Wang X, Greene T, Van Lente F, Hall
M: Performance of the Modification of Diet in Renal

isease and Cockcroft-Gault equations in the estimation of



G
N

e
G
f
d

l
p
D

s
r
5

t
d

B
d

P
t

M
p

c
p

r
o

K
b
d
8

g
p
C

r
D

J
d
6

p
t

o
d
2

c
r
1

M
o
m

t
u
2

i
n

F
t
p
D

r
6

B
e
p
1

e
P
s
D

b
A
3
1

b
m
C

s
d
w
2

s
p
d

o
c

I
d
3

S
i
2

b

ReferencesS168
FR in health and in chronic kidney disease. J Am Soc
ephrol 16:459-466, 2005
244. Ibrahim H, Mondress M, Tello A, Fan Y, Koopmein-

rs J, Thomas W: An alternative formula to the Cockcroft-
ault and the Modification of Diet in Renal Diseases

ormulas in predicting GFR in individuals with type 1
iabetes. J Am Soc Nephrol 16:1051-1060, 2005
245. Caramori ML, Fioretto P, Mauer M: Low glomeru-

ar filtration rate in normoalbuminuric type 1 diabetic
atients: An indicator of more advanced glomerular lesions.
iabetes 52:1036-1040, 2003
246. Lane PH, Steffes MW, Mauer SM: Glomerular

tructure in IDDM women with low glomerular filtration
ate and normal urinary albumin excretion. Diabetes 41:581-
86, 1992
247. Brito PL, Fioretto P, Drummond K, et al: Proximal

ubular basement membrane width in insulin-dependent
iabetes mellitus. Kidney Int 53:754-761, 1998
248. Mauer SM, Steffes MW, Ellis EN, Sutherland DE,

rown DM, Goetz FC: Structural-functional relationships in
iabetic nephropathy. J Clin Invest 74:1143-1155, 1984
249. Hovind P, Rossing P, Tarnow L, Toft H, Parving J,

arving HH: Remission of nephrotic-range albuminuria in
ype 1 diabetic patients. Diabetes Care 24:1972-1977, 2001

250. Viberti GC, Bilous RW, Mackintosh D, Keen H:
onitoring glomerular function in diabetic nephropathy. A

rospective study. Am J Med 74:256-264, 1983
251. Parving HH, Gall MA, Skott P, et al: Prevalence and

auses of albuminuria in non-insulin-dependent diabetic
atients. Kidney Int 41:758-762, 1992
252. Nosadini R, Velussi M, Brocco E, et al: Course of

enal function in type 2 diabetic patients with abnormalities
f albumin excretion rate. Diabetes 49:476-484, 2000
253. Amoah E, Glickman JL, Malchoff CD, Sturgill BC,

aiser DL, Bolton WK: Clinical identification of nondia-
etic renal disease in diabetic patients with type I and type II
isease presenting with renal dysfunction. Am J Nephrol
:204-211, 1988
254. Christensen PK, Gall MA, Parving HH: Course of

lomerular filtration rate in albuminuric type 2 diabetic
atients with or without diabetic glomerulopathy. Diabetes
are 23:B14-B20, 2000 (suppl 2)
255. Fioretto P, Mauer M, Brocco E, et al: Patterns of

enal injury in NIDDM patients with microalbuminuria.
iabetologia 39:1569-1576, 1996
256. John GT, Date A, Korula A, Jeyaseelan L, Shastry

C, Jacob CK: Nondiabetic renal disease in noninsulin-
ependent diabetics in a south Indian hospital. Nephron
7:441-443, 1994
257. Kleinknecht D, Bennis D, Altman JJ: Increased

revalence of non-diabetic renal pathology in type II diabe-
es mellitus. Nephrol Dial Transplant 7:1258-1259, 1992

258. Mak SK, Gwi E, Chan KW, et al: Clinical predictors
f non-diabetic renal disease in patients with non-insulin
ependent diabetes mellitus. Nephrol Dial Transplant 12:
588-2591, 1997
259. Olsen S, Mogensen CE: How often is NIDDM

omplicated with non-diabetic renal disease? An analysis of
enal biopsies and the literature. Diabetologia 39:1638-

645, 1996 E
260. Richards NT, Greaves I, Lee SJ, Howie AJ, Adu D,
ichael J: Increased prevalence of renal biopsy findings

ther than diabetic glomerulopathy in type II diabetes
ellitus. Nephrol Dial Transplant 7:397-399, 1992
261. Serra A, Romero R, Bayes B, Lopez D, Bonet J: Is

here a need for changes in renal biopsy criteria in protein-
ria in type 2 diabetes? Diabetes Res Clin Pract 58:149-153,
002
262. Wong TY, Choi PC, Szeto CC, et al: Renal outcome

n type 2 diabetic patients with or without coexisting
ondiabetic nephropathies. Diabetes Care 25:900-905, 2002
263. Giorgino F, Laviola L, Cavallo Perin P, Solnica B,

uller J, Chaturvedi N: Factors associated with progression
o macroalbuminuria in microalbuminuric type 1 diabetic
atients: The EURODIAB Prospective Complications Study.
iabetologia 47:1020-1028, 2004
264. Hovind P, Tarnow L, Parving HH: Remission and

egression of diabetic nephropathy. Curr Hypertens Rep
:377-382, 2004
265. Bognetti E, Calori G, Meschi F, Macellaro P,

onfanti R, Chiumello G: Prevalence and correlations of
arly microvascular complications in young type I diabetic
atients: Role of puberty. J Pediatr Endocrinol Metab
0:587-592, 1997
266. Holl RW, Grabert M, Thon A, Heinze E: Urinary

xcretion of albumin in adolescents with type 1 diabetes:
ersistent versus intermittent microalbuminuria and relation-
hip to duration of diabetes, sex, and metabolic control.
iabetes Care 22:1555-1560, 1999
267. Holl RW, Pavlovic M, Heinze E, Thon A: Circadian

lood pressure during the early course of type 1 diabetes.
nalysis of 1,011 ambulatory blood pressure recordings in
54 adolescents and young adults. Diabetes Care 22:1151-
157, 1999

268. Kostraba JN, Dorman JS, Orchard TJ, et al: Contri-
ution of diabetes duration before puberty to development of
icrovascular complications in IDDM subjects. Diabetes
are 12:686-693, 1989
269. Olsen BS, Sjolie AK, Hougaard P, et al: The

ignificance of the prepubertal diabetes duration for the
evelopment of retinopathy and nephropathy in patients
ith type 1 diabetes. J Diabetes Complications 18:160-164,
004
270. Pavlovic M, Holl RW, Haeberle U, et al: Angioten-

in I converting enzyme and angiotensinogen gene polymor-
hisms related to 24-h blood pressure in paediatric type I
iabetes mellitus. Eur J Pediatr 158:18-23, 1999
271. Drummond K, Mauer M: The early natural history

f nephropathy in type 1 diabetes: II. Early renal structural
hanges in type 1 diabetes. Diabetes 51:1580-1587, 2002

272. Nelson RG, Newman JM, Knowler WC, et al:
ncidence of end-stage renal disease in type 2 (non-insulin-
ependent) diabetes mellitus in Pima Indians. Diabetologia
1:730-736, 1988
273. MacIsaac RJ, Tsalamandris C, Panagiotopoulos S,

mith TJ, McNeil KJ, Jerums G: Nonalbuminuric renal
nsufficiency in type 2 diabetes. Diabetes Care 27:195-200,
004
274. Eiro M, Katoh T, Watanabe T: Risk factors for

leeding complications in percutaneous renal biopsy. Clin

xp Nephrol 9:40-45, 2005



i
2

r

C

o
r

o
N

o
n

o
t
2

g
p
7

b
1

s
3

t
A
P

C
c
g

(
f

W
p
4

n
v

t
p
K

m
m
t

p
o

O

I
M

i
M
A
2

o
A

r
p
2

C
i

o
p
c

t
R

o
t

r
a

M
c
a
4

n
3

R
R
6

L
c
o
5

t
u
B

b
a
A
c

c
D

References S169
275. Whittier WL, Korbet SM: Timing of complications
n percutaneous renal biopsy. J Am Soc Nephrol 15:142-147,
004
276. Korbet SM: Percutaneous renal biopsy. Semin Neph-

ol 22:254-267, 2002
277. Whittier WL, Korbet SM: Renal biopsy: update.

urr Opin Nephrol Hypertens 13:661-665, 2004
278. Manno C, Strippoli GF, Arnesano L, et al: Predictors

f bleeding complications in percutaneous ultrasound-guided
enal biopsy. Kidney Int 66:1570-1577, 2004

279. Mattix H, Singh AK: Is the bleeding time predictive
f bleeding prior to a percutaneous renal biopsy? Curr Opin
ephrol Hypertens 8:715-718, 1999
280. Mendelssohn DC, Cole EH: Outcomes of percutane-

us kidney biopsy, including those of solitary native kid-
eys. Am J Kidney Dis 26:580-585, 1995
281. Cahill RA, McGreal GT, Crowe BH, et al: Duration

f increased bleeding tendency after cessation of aspirin
herapy. J Am Coll Surg 200:564-573; quiz, A559-A561,
005
282. Donovan KL, Thomas DM, Wheeler DC, Macdou-

all IC, Williams JD: Experience with a new method for
ercutaneous renal biopsy. Nephrol Dial Transplant 6:731-
33, 1991
283. Kearon C, Hirsh J: Management of anticoagulation

efore and after elective surgery. N Engl J Med 336:1506-
511, 1997
284. Nass K, O’Neill WC: Bedside renal biopsy: Ultra-

ound guidance by the nephrologist. Am J Kidney Dis
4:955-959, 1999
285. Peterson P, Hayes TE, Arkin CF, et al: The preopera-

ive bleeding time test lacks clinical benefit: College of
merican Pathologists’ and American Society of Clinical
athologists’ position article. Arch Surg 133:134-139, 1998
286. Stiles KP, Hill C, LeBrun CJ, Reinmuth B, Yuan

M, Abbott KC: The impact of bleeding times on major
omplication rates after percutaneous real-time ultrasound-
uided renal biopsies. J Nephrol 14:275-279, 2001
287. Zeigler ZR, Megaludis A, Fraley DS: Desmopressin

d-DAVP) effects on platelet rheology and von Willebrand
actor activities in uremia. Am J Hematol 39:90-95, 1992

288. Aspelin P, Aubry P, Fransson SG, Strasser R,
illenbrock R, Berg KJ: Nephrotoxic effects in high-risk

atients undergoing angiography. N Engl J Med 348:491-
99, 2003
289. Barrett BJ, Parfrey PS, Vavasour HM, et al: Contrast

ephropathy in patients with impaired renal function: High
ersus low osmolar media. Kidney Int 41:1274-1279, 1992
290. Rudnick MR, Goldfarb S, Wexler L, et al: Nephro-

oxicity of ionic and nonionic contrast media in 1196
atients: A randomized trial. The Iohexol Cooperative Study.
idney Int 47:254-261, 1995
291. Parfrey PS, Griffiths SM, Barrett BJ, et al: Contrast
aterial-induced renal failure in patients with diabetes
ellitus, renal insufficiency, or both. A prospective con-

rolled study. N Engl J Med 320:143-149, 1989
292. Rihal CS, Textor SC, Grill DE, et al: Incidence and

rognostic importance of acute renal failure after percutane-
us coronary intervention. Circulation 105:2259-2264, 2002
293. McCullough PA, Wolyn R, Rocher LL, Levin RN,
’Neill WW: Acute renal failure after coronary intervention: a
ncidence, risk factors, and relationship to mortality. Am J
ed 103:368-375, 1997
294. Nolin TD, Himmelfarb J, Matzke GR: Drug-

nduced kidney disease, in DiPiro JT, Talbert RL, Yee GC,
atzke GR, Wells BG, Posey LM (eds): Pharmacotherapy:
Physiological Approach. New York, NY, McGraw-Hill,

005, pp 871-890
295. Merten GJ, Burgess WP, Gray LV, et al: Prevention

f contrast-induced nephropathy with sodium bicarbonate:
randomized controlled trial. JAMA 291:2328-2334, 2004
296. Sadeghi HM, Stone GW, Grines CL, et al: Impact of

enal insufficiency in patients undergoing primary angio-
lasty for acute myocardial infarction. Circulation 108:2769-
775, 2003
297. Manske CL, Sprafka JM, Strony JT, Wang Y:

ontrast nephropathy in azotemic diabetic patients undergo-
ng coronary angiography. Am J Med 89:615-620, 1990

298. Mueller C, Buerkle G, Buettner HJ, et al: Prevention
f contrast media-associated nephropathy: Randomized com-
arison of 2 hydration regimens in 1620 patients undergoing
oronary angioplasty. Arch Intern Med 162:329-336, 2002

299. Thomsen HS: Guidelines for contrast media from
he European Society of Urogenital Radiology. AJR Am J
oentgenol 181:1463-1471, 2003
300. Marenzi G, Marana I, Lauri G, et al: The prevention

f radiocontrast-agent-induced nephropathy by hemofiltra-
ion. N Engl J Med 349:1333-1340, 2003

301. Pannu N, Manns B, Lee H, Tonelli M: Systematic
eview of the impact of N-acetylcysteine on contrast nephrop-
thy. Kidney Int 65:1366-1374, 2004

302. Alonso A, Lau J, Jaber BL, Weintraub A, Sarnak
J: Prevention of radiocontrast nephropathy with N-acetyl-

ysteine in patients with chronic kidney disease: A meta-
nalysis of randomized, controlled trials. Am J Kidney Dis
3:1-9, 2004
303. Barrett BJ, Parfrey PS: Clinical practice. Preventing

ephropathy induced by contrast medium. N Engl J Med
54:379-386, 2006
304. Chaturvedi N, Bandinelli S, Mangili R, Penno G,

ottiers RE, Fuller JH: Microalbuminuria in type 1 diabetes:
ates, risk factors and glycemic threshold. Kidney Int
0:219-227, 2001
305. Scott LJ, Warram JH, Hanna LS, Laffel LM, Ryan

, Krolewski AS: A nonlinear effect of hyperglycemia and
urrent cigarette smoking are major determinants of the
nset of microalbuminuria in type 1 diabetes. Diabetes
0:2842-2849, 2001
306. Hovind P, Tarnow L, Rossing P, et al: Predictors for

he development of microalbuminuria and macroalbumin-
ria in patients with type 1 diabetes: Inception cohort study.
MJ 328:1105, 2004
307. Agardh CD, Agardh E, Torffvit O: The association

etween retinopathy, nephropathy, cardiovascular disease
nd long-term metabolic control in type 1 diabetes mellitus:

5 year follow-up study of 442 adult patients in routine
are. Diabetes Res Clin Pract 35:113-121, 1997

308. Osterby R, Hartmann A, Bangstad HJ: Structural
hanges in renal arterioles in type I diabetic patients.
iabetologia 45:542-549, 2002
309. Torffvit O, Agardh CD: The predictive value of
lbuminuria for cardiovascular and renal disease. A 5-year



f
J

O
c
t
C

H
v
t
D

m
n
D

D
w
p

R
T

R
p
p

b
n
J

p
p
8

o
d
2

i
K

M
a
I

M
m

S
t
s

g
d

E
d
t

s
P

l
p

n
a
1

H
w
2

P
d

H
d
p

N
p
d
c

n
P
D

i
r

o
I

t
p
b
t

J
m
S

K
t

F
n
2

B
u
n

t
a

ReferencesS170
ollow-up study of 476 patients with type I diabetes mellitus.
Diabetes Complications 7:49-56, 1993
310. Schultz CJ, Neil HA, Dalton RN, Dunger DB:

xforn Regional Prospective Study G: Risk of nephropathy
an be detected before the onset of microalbuminuria during
he early years after diagnosis of type 1 diabetes. Diabetes
are 23:1811-1815, 2000
311. Rachmani R, Levi Z, Lidar M, Slavachevski I,

alfOnn E, Ravid M: Considerations about the threshold
alue of microalbuminuria in patients with diabetes melli-
us: Lessons from an 8-year follow-up study of 599 patients.
iabetes Res Clin Pract 49:187-194, 2000
312. Nelson RG, Bennett PH, Beck GJ, et al: Develop-
ent and progression of renal disease in Pima Indians with

on-insulin-dependent diabetes mellitus. Diabetic Renal
isease Study Group. N Engl J Med 335:1636-1642, 1996
313. Nelson RG, Knowler WC, McCance DR, et al:

eterminants of end-stage renal disease in Pima Indians
ith type 2 (non-insulin-dependent) diabetes mellitus and
roteinuria. Diabetologia 36:1087-1093, 1993
314. Sosenko JM, Hu D, Welty T, Howard BV, Lee E,

obbins DC: Albuminuria in recent-onset type 2 diabetes:
he Strong Heart Study. Diabetes Care 25:1078-1084, 2002
315. Chan JC, Cheung CK, Cheung MY, Swaminathan

, Critchley JA, Cockram CS: Abnormal albuminuria as a
redictor of mortality and renal impairment in Chinese
atients with NIDDM. Diabetes Care 18:1013-1016, 1995
316. Torffvit O, Agardh CD: The impact of metabolic and

lood pressure control on incidence and progression of
ephropathy. A 10-year study of 385 type 2 diabetic patients.
Diabetes Complications 15:307-313, 2001
317. John L, Rao PS, Kanagasabapathy AS: Rate of

rogression of albuminuria in type II diabetes. Five-year
rospective study from south India. Diabetes Care 17:888-
90, 1994
318. Bruno G, Biggeri A, Merletti F, et al: Low incidence

f end-stage renal disease and chronic renal failure in type 2
iabetes: A 10-year prospective study. Diabetes Care 26:2353-
358, 2003
319. Lane PH, Steffes MW, Fioretto P, Mauer SM: Renal

nterstitial expansion in insulin-dependent diabetes mellitus.
idney Int 43:661-667, 1993
320. Harris RD, Steffes MW, Bilous RW, Sutherland DE,
auer SM: Global glomerular sclerosis and glomerular

rteriolar hyalinosis in insulin dependent diabetes. Kidney
nt 40:107-114, 1991

321. Ellis EN, Steffes MW, Goetz FC, Sutherland DE,
auer SM: Glomerular filtration surface in type I diabetes
ellitus. Kidney Int 29:889-894, 1986
322. Fioretto P, Steffes MW, Sutherland DE, Mauer M:

equential renal biopsies in insulin-dependent diabetic pa-
ients: Structural factors associated with clinical progres-
ion. Kidney Int 48:1929-1935, 1995

323. Najafian B, Kim Y, Crosson JT, Mauer M: Atubular
lomeruli and glomerulotubular junction abnormalities in
iabetic nephropathy. J Am Soc Nephrol 14:908-917, 2003
324. Bangstad HJ, Osterby R, DahlJorgensen K, et al:

arly glomerulopathy is present in young, type 1 (insulin-
ependent) diabetic patients with microalbuminuria. Diabe-

ologia 36:523-529, 1993 E
325. Ellis EN, Warady BA, Wood EG, et al: Renal
tructural-functional relationships in early diabetes mellitus.
ediatr Nephrol 11:584-591, 1997
326. Bjorn SF, Bangstad HJ, Hanssen KF, et al: Glomeru-

ar epithelial foot processes and filtration slits in IDDM
atients. Diabetologia 38:1197-1204, 1995
327. White KE, Bilous RW: Type 2 diabetic patients with

ephropathy show structural-functional relationships that
re similar to type 1 disease. J Am Soc Nephrol 11:1667-
673, 2000
328. Christensen PK, Larsen S, Horn T, Olsen S, Parving

H: Causes of albuminuria in patients with type 2 diabetes
ithout diabetic retinopathy. Kidney Int 58:1719-1731,
000
329. Pagtalunan ME, Miller PL, JumpingEagle S, et al:

odocyte loss and progressive glomerular injury in type II
iabetes. J Clin Invest 99:342-348, 1997
330. Christensen PK, Larsen S, Horn T, Olsen S, Parving

H: Renal function and structure in albuminuric type 2
iabetic patients without retinopathy. Nephrol Dial Trans-
lant 16:2337-2347, 2001
331. Matsumae T, Jimi S, Uesugi N, Takebayashi S,

aito S: Clinical and morphometrical interrelationships in
atients with overt nephropathy induced by non-insulin-
ependent diabetes mellitus. A light- and electron-micros-
opy study. Nephron 81:41-48, 1999

332. Meyer TW, Bennett PH, Nelson RG: Podocyte
umber predicts long-term urinary albumin excretion in
ima Indians with type II diabetes and microalbuminuria.
iabetologia 42:1341-1344, 1999
333. Osterby R, Tapia J, Nyberg G, et al: Renal structures

n type 2 diabetic patients with elevated albumin excretion
ate. APMIS 109:751-761, 2001

334. Lemley KV, Abdullah I, Myers BD, et al: Evolution
f incipient nephropathy in type 2 diabetes mellitus. Kidney
nt 58:1228-1237, 2000

335. Klein R, Zinman B, Gardiner R, et al: ReninAngio-
ensin SS: The relationship of diabetic retinopathy to
reclinical diabetic glomerulopathy lesions in type 1 dia-
etic patients: The Renin-Angiotensin System Study. Diabe-
es 54:527-533, 2005

336. Schwartz MM, Lewis EJ, LeonardMartin T, Lewis
B, Batlle D: Renal pathology patterns in type II diabetes
ellitus: Relationship with retinopathy. The Collaborative
tudy Group. Nephrol Dial Transplant 13:2547-2552, 1998
337. Kanauchi M, Kawano T, Uyama H, Shiiki H, Dohi

: Discordance between retinopathy and nephropathy in
ype 2 diabetes. Nephron 80:171-174, 1998

338. Stone GW, McCullough PA, Tumlin JA, et al:
enoldopam mesylate for the prevention of contrast-induced
ephropathy: A randomized controlled trial. JAMA 290:2284-
291, 2003
339. Kurnik BR, Allgren RL, Genter FC, Solomon RJ,

ates ER, Weisberg LS: Prospective study of atrial natri-
retic peptide for the prevention of radiocontrast-induced
ephropathy. Am J Kidney Dis 31:674-680, 1998
340. Wang A, Holcslaw T, Bashore TM, et al: Exacerba-

ion of radiocontrast nephrotoxicity by endothelin receptor
ntagonism. Kidney Int 57:1675-1680, 2000

341. Solomon R, Werner C, Mann D, D’Elia J, Silva P:

ffects of saline, mannitol, and furosemide to prevent acute



d
N

F
fl
p
9

r
d

p
r
d
M

f
6

S
n
1

d
f
1

p
m
2

f
h
(

r
a
a

R
o
t

A
p
R

J
w

i
t
9

A
r
2

m
E
C

p
t

W
m
t

H
m
1

c
a
3

E
e
R

B
k
K

S
e
i
S

E
o
L

z
l
b
3

T
i
3

e
t

R
m
t
1

t
d

r
o
t
p
s

T

References S171
ecreases in renal function induced by radiocontrast agents.
Engl J Med 331:1416-1420, 1994
342. Tumlin JA, Wang A, Murray PT, Mathur VS:

enoldopam mesylate blocks reductions in renal plasma
ow after radiocontrast dye infusion: A pilot trial in the
revention of contrast nephropathy. Am Heart J 143:894-
03, 2002
343. Weisberg LS, Kurnik PB, Kurnik BR: Risk of

adiocontrast nephropathy in patients with and without
iabetes mellitus. Kidney Int 45:259-265, 1994
344. Kini AA, Sharma SK: Managing the high-risk

atient: Experience with fenoldopam, a selective dopamine
eceptor agonist, in prevention of radiocontrast nephropathy
uring percutaneous coronary intervention. Rev Cardiovasc
ed 2:S25, 2001 (suppl 1)
345. Louis BM, Hoch BS, Hernandez C, et al: Protection

rom the nephrotoxicity of contrast dye. Ren Fail 18:639-
46, 1996
346. Kapoor A, Kumar S, Gulati S, Gambhir S, Sethi RS,

inha N: The role of theophylline in contrast-induced
ephropathy: A case-control study. Nephrol Dial Transplant
7:1936-1941, 2002
347. Kapoor A, Sinha N, Sharma RK, et al: Use of

opamine in prevention of contrast induced acute renal
ailure—A randomised study. Int J Cardiol 53:233-236,
996
348. Sterner G, Frennby B, Kurkus J, Nyman U: Does

ost-angiographic hemodialysis reduce the risk of contrast-
edium nephropathy? Scand J Urol Nephrol 34:323-326,

000
349. Madyoon H: Clinical experience with the use of

enoldopam for prevention of radiocontrast nephropathy in
igh-risk patients. Rev Cardiovasc Med 2:S26-30, 2001
suppl 1)

350. Taliercio CP, Vlietstra RE, Ilstrup DM, et al: A
andomized comparison of the nephrotoxicity of iopamidol
nd diatrizoate in high risk patients undergoing cardiac
ngiography. J Am Coll Cardiol 17:384-390, 1991

351. Lautin EM, Freeman NJ, Schoenfeld AH, et al:
adiocontrast-associated renal dysfunction: A comparison
f lower-osmolality and conventional high-osmolality con-
rast media. AJR Am J Roentgenol 157:59-65, 1991

352. Lundqvist S, Holmberg G, Jakobsson G, et al:
ssessment of possible nephrotoxicity from iohexol in
atients with normal and impaired renal function. Acta
adiol 39:362-367, 1998
353. Bojestig M, Arnqvist HJ, Karlberg BE, Ludvigsson

: Glycemic control and prognosis in type I diabetic patients
ith microalbuminuria. Diabetes Care 19:313-317, 1996
354. Chantelau E, Wichmann P: Pathological proteinuria

n patients with insulin-dependent diabetes mellitus: Rela-
ion to intensive insulin therapy. Exp Clin Endocrinol
9:164-168, 1992
355. Chase HP, Jackson WE, Hoops SL, Cockerham RS,

rcher PG, O’Brien D: Glucose control and the renal and
etinal complications of insulin-dependent diabetes. JAMA
61:1155-1160, 1989
356. Coonrod BA, Ellis D, Becker DJ, et al: Predictors of
icroalbuminuria in individuals with IDDM. Pittsburgh
pidemiology of Diabetes Complications Study. Diabetes

are 16:1376-1383, 1993 d
357. Klein R, Klein BE, Moss SE: The incidence of gross
roteinuria in people with insulin-dependent diabetes melli-
us. Arch Intern Med 151:1344-1348, 1991

358. Krolewski AS, Laffel LM, Krolewski M, Quinn M,
arram JH: Glycosylated hemoglobin and the risk of
icroalbuminuria in patients with insulin-dependent diabe-

es mellitus. N Engl J Med 332:1251-1255, 1995
359. McCance DR, Hadden DR, Atkinson AB, Johnston

, Kennedy L: The relationship between long-term glycae-
ic control and diabetic nephropathy. Q J Med 82:53-61,

992
360. The Kroc Collaborative Study Group: Blood glu-

ose control and the evolution of diabetic retinopathy and
lbuminuria. A preliminary multicenter trial. N Engl J Med
11:365-372, 1984
361. Beck-Nielsen H, Olesen T, Mogensen CE, et al:

ffect of near normoglycemia for 5 years on progression of
arly diabetic retinopathy and renal involvement. Diabetes
es 15:185-190, 1990
362. Dahl-Jorgensen K, Bjoro T, Kierulf P, Sandvik L,

angstad HJ, Hanssen KF: Long-term glycemic control and
idney function in insulin-dependent diabetes mellitus.
idney Int 41:920-923, 1992
363. Dahl-Jorgensen K, Hanssen KF, Kierulf P, Bjoro T,

andvik L, Aagenaes O: Reduction of urinary albumin
xcretion after 4 years of continuous subcutaneous insulin
nfusion in insulin-dependent diabetes mellitus. The Oslo
tudy. Acta Endocrinol (Copenh) 117:19-25, 1988
364. Feldt-Rasmussen B, Mathiesen ER, Deckert T:

ffect of two years of strict metabolic control on progression
f incipient nephropathy in insulin-dependent diabetes.
ancet 2:1300-1304, 1986
365. Feldt-Rasmussen B, Mathiesen ER, Jensen T, Laurit-

en T, Deckert T: Effect of improved metabolic control on
oss of kidney function in type 1 (insulin-dependent) dia-
etic patients: An update of the Steno studies. Diabetologia
4:164-170, 1991
366. Lauritzen T, Frost-Larsen K, Larsen HW, Deckert T:

wo-year experience with continuous subcutaneous insulin
nfusion in relation to retinopathy and neuropathy. Diabetes
4:S74-S79, 1985 (suppl 3)
367. Wang PH, Lau J, Chalmers TC: Meta-analysis of

ffects of intensive blood-glucose control on late complica-
ions of type I diabetes. Lancet 341:1306-1309, 1993

368. The Diabetes Control and Complications (DCCT)
esearch Group: Effect of intensive therapy on the develop-
ent and progression of diabetic nephropathy in the Diabe-

es Control and Complications Trial. Kidney Int 47:1703-
720, 1995
369. Gilbert RE, Tsalamandris C, Bach LA, et al: Long-

erm glycemic control and the rate of progression of early
iabetic kidney disease. Kidney Int 44:855-859, 1993
370. Kawazu S, Tomono S, Shimizu M, et al: The

elationship between early diabetic nephropathy and control
f plasma glucose in non-insulin-dependent diabetes melli-
us. The effect of glycemic control on the development and
rogression of diabetic nephropathy in an 8-year follow-up
tudy. J Diabetes Complications 8:13-17, 1994

371. Klein R, Klein BE, Moss SE, Cruickshanks KJ:
en-year incidence of gross proteinuria in people with

iabetes. Diabetes 44:916-923, 1995



B
a
C

h
p
i
1

B
p
1

o
i
p

b
D

t
i
T
1

A
p
1

L
t

t
d

S
e
M

t
c
m
3

g
M
m
(

s
C

g
8

P
d
P

L

g
w

k
t
6

m
c
2

m
w
P

f
M

M
e

G
p
1

L
t
2

g
p
2

p
m
i
1

r
n
i

p
d

t
T
1

r
t
1

i
A
t
A

p

ReferencesS172
372. Nelson RG, Knowler WC, Pettitt DJ, Hanson RL,
ennett PH: Incidence and determinants of elevated urinary
lbumin excretion in Pima Indians with NIDDM. Diabetes
are 18:182-187, 1995
373. Tanaka Y, Atsumi Y, Matsuoka K, Onuma T, To-

jima T, Kawamori R: Role of glycemic control and blood
ressure in the development and progression of nephropathy
n elderly Japanese NIDDM patients. Diabetes Care 21:116-
20, 1998
374. Klein R, Klein BE, Moss SE, Cruickshanks KJ,

razy PC: The 10-year incidence of renal insufficiency in
eople with type 1 diabetes. Diabetes Care 22:743-751,
999
375. Mulec H, Blohme G, Grande B, Bjorck S: The effect

f metabolic control on rate of decline in renal function in
nsulin-dependent diabetes mellitus with overt diabetic ne-
hropathy. Nephrol Dial Transplant 13:651-655, 1998
376. Nyberg G, Blohme G, Norden G: Impact of meta-

olic control in progression of clinical diabetic nephropathy.
iabetologia 30:82-86, 1987
377. Breyer JA, Bain RP, Evans JK, et al: Predictors of

he progression of renal insufficiency in patients with
nsulin-dependent diabetes and overt diabetic nephropathy.
he Collaborative Study Group. Kidney Int 50:1651-1658,
996
378. Parving HH, Rossing P, Hommel E, Smidt UM:

ngiotensin-converting enzyme inhibition in diabetic ne-
hropathy: Ten years’ experience. Am J Kidney Dis 26:99-
07, 1995
379. Bakris G, Viberti G, Weston WM, Heise M, Porter

E, Freed MI: Rosiglitazone reduces urinary albumin excre-
ion in type II diabetes. J Hum Hypertens 17:7-12, 2003

380. Imano E, Kanda T, Nakatani Y, et al: Effect of
roglitazone on microalbuminuria in patients with incipient
iabetic nephropathy. Diabetes Care 21:2135-2139, 1998
381. Nakamura T, Ushiyama C, Osada S, Hara M,

himada N, Koide H: Pioglitazone reduces urinary podocyte
xcretion in type 2 diabetes patients with microalbuminuria.
etabolism 50:1193-1196, 2001
382. Nakamura T, Ushiyama C, Suzuki S, et al: Effect of

roglitazone on urinary albumin excretion and serum type IV
ollagen concentrations in type 2 diabetic patients with
icroalbuminuria or macroalbuminuria. Diabet Med 18:308-

13, 2001
383. The American Association of Clinical Endocrinolo-

ists Medical Guidelines for the Management of Diabetes
ellitus: The AACE system of intensive diabetes self-
anagement—2002 Update. Endocr Pract 8:S40-S82, 2002

suppl 1)
384. The Diabetes Control and Complications Trial Re-

earch Group: Hypoglycemia in the Diabetes Control and
omplications Trial. Diabetes 46:271-286, 1997
385. Asplund K, Wiholm BE, Lundman B: Severe hypo-

lycaemia during treatment with glipizide. Diabet Med
:726-731, 1991
386. Jonsson A, Rydberg T, Sterner G, Melander A:

harmacokinetics of glibenclamide and its metabolites in
iabetic patients with impaired renal function. Eur J Clin
harmacol 53:429-435, 1998
387. Rosenkranz B, Profozic V, Metelko Z, Mrzljak V,
ange C, Malerczyk V: Pharmacokinetics and safety of 3
limepiride at clinically effective doses in diabetic patients
ith renal impairment. Diabetologia 39:1617-1624, 1996
388. Inoue T, Shibahara N, Miyagawa K, et al: Pharmaco-

inetics of nateglinide and its metabolites in subjects with
ype 2 diabetes mellitus and renal failure. Clin Nephrol
0:90-95, 2003
389. Nagai T, Imamura M, Iizuka K, Mori M: Hypoglyce-
ia due to nateglinide administration in diabetic patient with

hronic renal failure. Diabetes Res Clin Pract 59:191-194,
003
390. Schumacher S, Abbasi I, Weise D, et al: Single- and
ultiple-dose pharmacokinetics of repaglinide in patients
ith type 2 diabetes and renal impairment. Eur J Clin
harmacol 57:147-152, 2001
391. Davidson MB, Peters AL: An overview of met-

ormin in the treatment of type 2 diabetes mellitus. Am J
ed 102:99-110, 1997
392. Thompson-Culkin K, Zussman B, Miller AK, Freed
I: Pharmacokinetics of rosiglitazone in patients with

nd-stage renal disease. J Int Med Res 30:391-399, 2002
393. Morgan L, Marenah CB, Jeffcoate WJ, Morgan AG:

lycated proteins as indices of glycaemic control in diabetic
atients with chronic renal failure. Diabet Med 13:514-519,
996
394. Joy MS, Cefalu WT, Hogan SL, Nachman PH:

ong-term glycemic control measurements in diabetic pa-
ients receiving hemodialysis. Am J Kidney Dis 39:297-307,
002
395. Little RR, Tennill AL, Rohlfing C, et al: Can

lycohemoglobin be used to assess glycemic control in
atients with chronic renal failure? Clin Chem 48:784-786,
002
396. Saloranta C, Groop L, Ylinen K, Teramo K, Tolp-

anen EM, Tallgren LG: The usefulness of micro- and
acrochromatographic determinations of glycohemoglobin

n diabetic patients with nephropathy. Clin Nephrol 25:186-
92, 1986
397. Ahmed J, Ward TP, Bursell SE, Aiello LM, Cavalle-

ano JD, Vigersky RA: The sensitivity and specificity of
onmydriatic digital stereoscopic retinal imaging in detect-
ng diabetic retinopathy. Diabetes Care 29:2205-2209, 2006

398. Dailey GE, Boden GH, Creech RH, et al: Effects of
ulsatile intravenous insulin therapy on the progression of
iabetic nephropathy. Metabolism 49:1491-1495, 2000
399. Reichard P, Pihl M, Rosenqvist U, Sule J: Complica-

ions in IDDM are caused by elevated blood glucose level:
he Stockholm Diabetes Intervention Study (SDIS) at
0-year follow up. Diabetologia 39:1483-1488, 1996
400. Barnett AH, Bain SC, Bouter P, et al: Angiotensin-

eceptor blockade versus converting-enzyme inhibition in
ype 2 diabetes and nephropathy. N Engl J Med 351:1952-
961, 2004
401. Bakris GL, Williams M, Dworkin L, et al: Preserv-

ng renal function in adults with hypertension and diabetes:
consensus approach. National Kidney Foundation Hyper-

ension and Diabetes Executive Committees Working Group.
m J Kidney Dis 36:646-661, 2000
402. Klag MJ, Whelton PK, Randall BL, et al: Blood

ressure and end-stage renal disease in men. N Engl J Med

34:13-18, 1996



p
p

i
u
t

a
c
b
t

L
p
n

o
u
m

a
d
w

E
c
d

s
s
1

h
h

V
t
s

M
c
6

Z
p
t

C
o
h
d

I
H

t
A
6

S

p
H

m
1

A
t
n

P
v
d

i
s
n
o
1

d
H
B

o
d
K

S
a

H
l
p
s

K
s
i
r

i
p
m

P
v
D

r
i
i
1

c
s

p
l

References S173
403. Perry HM Jr, Miller JP, Fornoff JR, et al: Early
redictors of 15-year end-stage renal disease in hypertensive
atients. Hypertension 25:587-594, 1995
404. Bakris GL, Slataper R, Vicknair N, Sadler R: ACE

nhibitor mediated reductions in renal size and microalbumin-
ria in normotensive, diabetic subjects. J Diabetes Complica-
ions 8:2-6, 1994

405. Parving HH, Hovind P: Microalbuminuria in type 1
nd type 2 diabetes mellitus: Evidence with angiotensin
onverting enzyme inhibitors and angiotensin II receptor
lockers for treating early and preventing clinical nephropa-
hy. Curr Hypertens Rep 4:387-393, 2002

406. Bakris GL, Copley JB, Vicknair N, Sadler R,
eurgans S: Calcium channel blockers versus other antihy-
ertensive therapies on progression of NIDDM associated
ephropathy. Kidney Int 50:1641-1650, 1996
407. Bakris GL, Smith AC, Richardson DJ, et al: Impact

f an ACE inhibitor and calcium antagonist on microalbumin-
ria and lipid subfractions in type 2 diabetes: A randomised,
ulti-centre pilot study. J Hum Hypertens 16:185-191, 2002
408. Bakris GL, Weir M: ACE inhibitors and protection

gainst kidney disease progression in patients with type 2
iabetes: What’s the evidence. J Clin Hypertens (Green-
ich) 4:420-423, 2002
409. Estacio RO, Jeffers BW, Gifford N, Schrier RW:

ffect of blood pressure control on diabetic microvascular
omplications in patients with hypertension and type 2
iabetes. Diabetes Care 23:B54-B64, 2000 (suppl 2)
410. Bakris GL: The role of combination antihyperten-

ive therapy and the progression of renal disease hyperten-
ion: Looking toward the next millennium. Am J Hypertens
1:158S-162S, 1998 (suppl)

411. Melian EB, Jarvis B: Candesartan cilexetil plus
ydrochlorothiazide combination: A review of its use in
ypertension. Drugs 62:787-816, 2002
412. Weir MR, Smith DH, Neutel JM, Bedigian MP:

alsartan alone or with a diuretic or ACE inhibitor as
reatment for African American hypertensives: Relation to
alt intake. Am J Hypertens 14:665-671, 2001

413. Bakris GL, Weir MR, Secic M, Campbell B, Weis-
cNulty A: Differential effects of calcium antagonist sub-

lasses on markers of nephropathy progression. Kidney Int
5:1991-2002, 2004
414. Gansevoort RT, Sluiter WJ, Hemmelder MH, de

eeuw D, de Jong PE: Antiproteinuric effect of blood-
ressure-lowering agents: A meta-analysis of comparative
rials. Nephrol Dial Transplant 10:1963-1974, 1995

415. Chan JC, Critchley JA, Tomlinson B, Chan TY,
ockram CS: Antihypertensive and anti-albuminuric effects
f losartan potassium and felodipine in Chinese elderly
ypertensive patients with or without non-insulin-dependent
iabetes mellitus. Am J Nephrol 17:72-80, 1997
416. Sica DA, Bakris GL: Type 2 diabetes: RENAAL and

DNT—The emergence of new treatment options. J Clin
ypertens (Greenwich) 4:52-57, 2002
417. Viberti G, Wheeldon NM: Microalbuminuria reduc-

ion with valsartan in patients with type 2 diabetes mellitus:
blood pressure-independent effect. Circulation 106:672-

78, 2002
418. Bakris GL, Mangrum A, Copley JB, Vicknair N,
adler R: Effect of calcium channel or beta-blockade on the 3
rogression of diabetic nephropathy in African Americans.
ypertension 29:744-750, 1997
419. Ruggenenti P, Fassi A, Ilieva AP, et al: Preventing
icroalbuminuria in type 2 diabetes. N Engl J Med 351:1941-

951, 2004
420. Jacobsen P, Andersen S, Jensen BR, Parving HH:

dditive effect of ACE inhibition and angiotensin II recep-
or blockade in type I diabetic patients with diabetic
ephropathy. J Am Soc Nephrol 14:992-999, 2003
421. Jacobsen P, Andersen S, Rossing K, Jensen BR,

arving HH: Dual blockade of the renin-angiotensin system
ersus maximal recommended dose of ACE inhibition in
iabetic nephropathy. Kidney Int 63:1874-1880, 2003
422. Mogensen CE, Neldam S, Tikkanen I, et al: Random-

sed controlled trial of dual blockade of renin-angiotensin
ystem in patients with hypertension, microalbuminuria, and
on-insulin dependent diabetes: The Candesartan And Lisin-
pril Microalbuminuria (CALM) Study. BMJ 321:1440-
444, 2000
423. Hart PD, Bakris GL: Managing hypertension in the

iabetic patient, in Egan BM, Basile JN, Lackland DT (eds):
ot Topics in Hypertension. Philadelphia, PA, Hanley &
elfus, 2004, pp 249-252
424. Schrier RW, Estacio RO, Esler A, Mehler P: Effects

f aggressive blood pressure control in normotensive type 2
iabetic patients on albuminuria, retinopathy and strokes.
idney Int 61:1086-1097, 2002
425. 2003 European Society of Hypertension-European

ociety of Cardiology guidelines for the management of
rterial hypertension. J Hypertens 21:1011-1053, 2003

426. Nakao N, Seno H, Kasuga H, Toriyama T, Kawahara
, Fukagawa M: Effects of combination treatment with

osartan and trandolapril on office and ambulatory blood
ressures in non-diabetic renal disease: A COOPERATE-ABP
ubstudy. Am J Nephrol 24:543-548, 2004

427. Nakao N, Yoshimura A, Morita H, Takada M,
ayano T, Ideura T: Combination treatment of angioten-

in-II receptor blocker and angiotensin-converting-enzyme
nhibitor in non-diabetic renal disease (COOPERATE): A
andomised controlled trial. Lancet 361:117-124, 2003

428. Casas JP, Chua W, Loukogeorgakis S, et al: Effect of
nhibitors of the renin-angiotensin system and other antihy-
ertensive drugs on renal outcomes: Systematic review and
eta-analysis. Lancet 366:2026-2033, 2005
429. Tarnow L, Sato A, Ali S, Rossing P, Nielsen FS,

arving HH: Effects of nisoldipine and lisinopril on left
entricular mass and function in diabetic nephropathy.
iabetes Care 22:491-494, 1999
430. Sawicki PT: Stabilization of glomerular filtration

ate over 2 years in patients with diabetic nephropathy under
ntensified therapy regimens. Diabetes Treatment and Teach-
ng Programmes Working Group. Nephrol Dial Transplant
2:1890-1899, 1997
431. Velussi M, Brocco E, Frigato F, et al: Effects of

ilazapril and amlodipine on kidney function in hyperten-
ive NIDDM patients. Diabetes 45:216-222, 1996

432. UK Prospective Diabetes Study Group: Tight blood
ressure control and risk of macrovascular and microvascu-
ar complications in type 2 diabetes: UKPDS 38. BMJ

17:703-713, 1998



(
t
D

O
s
c
v
6

i
r

t
a
M

P
A

K
m
T

i
n

i
m
p

a
t

M
a
C

c
c
S

o
i
R
1

I
c
w
c

c
p
D
P

H
c
1

r
E

c
m
D

l
i

S
a
i
d

o
n

o
a
7

e
i
3

A
R

f
i
m

W
h
u
t

G
c
C

a
A

l
c

E
n
p

e
t
T

J
p

ReferencesS174
433. National Diabetes Data Group: Diabetes in America
ed 2). Bethesda, MD, National Institutes of Health, Na-
ional Institute of Diabetes and Digestive and Kidney
iseases, 1995
434. Pyorala K, Pedersen TR, Kjekshus J, Faergeman O,

lsson AG, Thorgeirsson G: Cholesterol lowering with
imvastatin improves prognosis of diabetic patients with
oronary heart disease. A subgroup analysis of the Scandina-
ian Simvastatin Survival Study (4S). Diabetes Care 20:614-
20, 1997
435. Cost-effectiveness of intensive glycemic control,

ntensified hypertension control, and serum cholesterol level
eduction for type 2 diabetes. JAMA 287:2542-2551, 2002

436. Vijan S, Hayward RA: Treatment of hypertension in
ype 2 diabetes mellitus: Blood pressure goals, choice of
gents, and setting priorities in diabetes care. Ann Intern
ed 138:593-602, 2003
437. Barrett-Connor E, Grundy SM, Holdbrook MJ:

lasma lipids and diabetes mellitus in an adult community.
m J Epidemiol 115:657-663, 1982
438. Feingold KR, Grunfeld C, Pang M, Doerrler W,

rauss RM: LDL subclass phenotypes and triglyceride
etabolism in non-insulin-dependent diabetes. Arterioscler
hromb 12:1496-1502, 1992
439. Jenkins AJ, Lyons TJ, Zheng D, et al: Lipoproteins

n the DCCT/EDIC cohort: Associations with diabetic
ephropathy. Kidney Int 64:817-828, 2003
440. Quaschning T, Schomig M, Keller M, et al: Non-

nsulin-dependent diabetes mellitus and hypertriglyceride-
ia impair lipoprotein metabolism in chronic hemodialysis

atients. J Am Soc Nephrol 10:332-341, 1999
441. Armitage J, Bowman L: Cardiovascular outcomes

mong participants with diabetes in the recent large statin
rials. Curr Opin Lipidol 15:439-446, 2004

442. Cheung BM, Lauder IJ, Lau CP, Kumana CR:
eta-analysis of large randomized controlled trials to evalu-

te the impact of statins on cardiovascular outcomes. Br J
lin Pharmacol 57:640-651, 2004
443. Shepherd J, Cobbe SM, Ford I, et al: Prevention of

oronary heart disease with pravastatin in men with hyper-
holesterolemia. West of Scotland Coronary Prevention
tudy Group. N Engl J Med 333:1301-1307, 1995
444. Sacks FM, Pfeffer MA, Moye LA, et al: The effect

f pravastatin on coronary events after myocardial infarction
n patients with average cholesterol levels. Cholesterol and
ecurrent Events Trial investigators. N Engl J Med 335:1001-
009, 1996
445. The Long-Term Intervention with Pravastatin in

schaemic Disease (LIPID) Study Group: Prevention of
ardiovascular events and death with pravastatin in patients
ith coronary heart disease and a broad range of initial

holesterol levels. N Engl J Med 339:1349-1357, 1998
446. Wanner C, Krane V, Marz W, et al: Randomized

ontrolled trial on the efficacy and safety of atorvastatin in
atients with type 2 diabetes on hemodialysis (4D Study):
emographic and baseline characteristics. Kidney Blood
ress Res 27:259-266, 2004
447. Iseki K, Yamazato M, Tozawa M, Takishita S:

ypocholesterolemia is a significant predictor of death in a
ohort of chronic hemodialysis patients. Kidney Int 61:1887-

893, 2002 D
448. Seliger SL, Weiss NS, Gillen DL, et al: HMG-CoA
eductase inhibitors are associated with reduced mortality in
SRD patients. Kidney Int 61:297-304, 2002
449. Mason NA, Bailie GR, Satayathum S, et al: HMG-

oenzyme a reductase inhibitor use is associated with
ortality reduction in hemodialysis patients. Am J Kidney
is 45:119-126, 2005
450. Hommel E, Andersen P, Gall MA, et al: Plasma

ipoproteins and renal function during simvastatin treatment
n diabetic nephropathy. Diabetologia 35:447-451, 1992

451. Nakamura T, Ushiyama C, Hirokawa K, Osada S,
himada N, Koide H: Effect of cerivastatin on urinary
lbumin excretion and plasma endothelin-1 concentrations
n type 2 diabetes patients with microalbuminuria and
yslipidemia. Am J Nephrol 21:449-454, 2001
452. Lam KS, Cheng IK, Janus ED, Pang RW: Cholester-

l-lowering therapy may retard the progression of diabetic
ephropathy. Diabetologia 38:604-609, 1995
453. Nagai T, Tomizawa T, Nakajima K, Mori M: Effect

f bezafibrate or pravastatin on serum lipid levels and
lbuminuria in NIDDM patients. J Atheroscler Thromb
:91-96, 2000
454. Tonolo G, Melis MG, Formato M, et al: Additive

ffects of simvastatin beyond its effects on LDL cholesterol
n hypertensive type 2 diabetic patients. Eur J Clin Invest
0:980-987, 2000
455. Appel GB, Radhakrishnan J, Avram MM, et al:

nalysis of metabolic parameters as predictors of risk in the
ENAAL study. Diabetes Care 26:1402-1407, 2003
456. Nielsen S, Schmitz O, Moller N, et al: Renal

unction and insulin sensitivity during simvastatin treatment
n type 2 (non-insulin-dependent) diabetic patients with
icroalbuminuria. Diabetologia 36:1079-1086, 1993
457. Smulders YM, van Eeden AE, Stehouwer CD,
eijers RN, Slaats EH, Silberbusch J: Can reduction in

ypertriglyceridaemia slow progression of microalbumin-
ria in patients with non-insulin-dependent diabetes melli-
us? Eur J Clin Invest 27:997-1002, 1997

458. Pasternak RC, Smith SC Jr, Bairey-Merz CN,
rundy SM, Cleeman JI, Lenfant C: ACC/AHA/NHLBI

linical advisory on the use and safety of statins. J Am Coll
ardiol 40:567-572, 2002
459. Phillips PS, Haas RH, Bannykh S, et al: Statin-

ssociated myopathy with normal creatine kinase levels.
nn Intern Med 137:581-585, 2002
460. LaRosa JC, Grundy SM, Waters DD, et al: Intensive

ipid lowering with atorvastatin in patients with stable
oronary disease. N Engl J Med 352:1425-1435, 2005

461. Zhang A, Vertommen J, Van Gaal L, De Leeuw I:
ffects of pravastatin on lipid levels, in vitro oxidizability of
on-HDL lipoproteins and microalbuminuria in IDDM
atients. Diabetes Res Clin Pract 29:189-194, 1995
462. Pijls LT, de Vries H, Donker AJ, van Eijk JT: The

ffect of protein restriction on albuminuria in patients with
ype 2 diabetes mellitus: A randomized trial. Nephrol Dial
ransplant 14:1445-1453, 1999
463. Vora JP, Thomas D, Peters JR, Coles GA, Williams

D: Preservation of renal haemodynamic response to an oral
rotein load in non-insulin-dependent diabetes mellitus.

iabet Med 10:715-719, 1993



d
r

s
p

a
p
D

t
E
P
D

s
n
M

K
l
t
u

Y
e

H
m
D

H
D

s
k
2

D
p
4

a
i
D

c
l

p
(
p

s
s
d

r
t

o
n

p
s

R
i
E
C

a
t
M

r
o

M
f
o
e
p
3

a
m
B

p
t
D

E
w

I
i
e

D
t
d

v
h
a
2

c
2

S
e
C

u

References S175
464. Evidence-based nutrition principles and recommen-
ations for the treatment and prevention of diabetes and
elated complications. Diabetes Care 25:202-212, 2002

465. Cutler JA, Obarzanek E: Nutrition and blood pres-
ure: Is protein one link? Toward a strategy of hypertension
revention. Ann Intern Med 143:74-75, 2005
466. Gross JL, Zelmanovitz T, Moulin CC, et al: Effect of
chicken-based diet on renal function and lipid profile in

atients with type 2 diabetes: A randomized crossover trial.
iabetes Care 25:645-651, 2002
467. Food and Nutrition Board, Institute of Medicine of

he National Academies: Dietary Reference Intakes for
nergy, Carbohydrates, Fiber, Fat, Fatty Acids, Cholesterol,
rotein and Amino Acids (macronutrients). Washington,
C, National Academies Press, 2005
468. Bouhanick B, Suraniti S, Berrut G, et al: Relation-

hip between fat intake and glomerular filtration rate in
ormotensive insulin-dependent diabetic patients. Diabete
etab 21:168-172, 1995
469. Dullaart RP, Beusekamp BJ, Meijer S, Hoogenberg

, van Doormaal JJ, Sluiter WJ: Long-term effects of
inoleic-acid-enriched diet on albuminuria and lipid levels in
ype 1 (insulin-dependent) diabetic patients with elevated
rinary albumin excretion. Diabetologia 35:165-172, 1992
470. Hamazaki T, Takazakura E, Osawa K, Urakaze M,

ano S: Reduction in microalbuminuria in diabetics by
icosapentaenoic acid ethyl ester. Lipids 25:541-545, 1990

471. Mollsten AV, Dahlquist GG, Stattin EL, Rudberg S:
igher intakes of fish protein are related to a lower risk of
icroalbuminuria in young Swedish type 1 diabetic patients.
iabetes Care 24:805-810, 2001
472. Rossing P, Hansen BV, Nielsen FS, Myrup B,

olmer G, Parving HH: Fish oil in diabetic nephropathy.
iabetes Care 19:1214-1219, 1996
473. Goeddeke-Merickel CM: The goals of comprehen-

ive and integrated disease state management for diabetic
idney-disease patients. Adv Chronic Kidney Dis 12:236-
42, 2005
474. McMurray SD, Johnson G, Davis S, McDougall K:

iabetes education and care management significantly im-
rove patient outcomes in the dialysis unit. Am J Kidney Dis
0:566-575, 2002
475. Milas NC, Nowalk MP, Akpele L, et al: Factors

ssociated with adherence to the dietary protein intervention
n the Modification of Diet in Renal Disease Study. J Am
iet Assoc 95:1295-1300, 1995
476. Kris-Etherton PM, Harris WS, Appel LJ: Fish

onsumption, fish oil, omega-3 fatty acids, and cardiovascu-
ar disease. Circulation 106:2747-2757, 2002

477. Wiggins KL (ed): Nutrition care of adult pre-ESRD
atients, in Guidelines for Nutrition Care of Renal Patients
ed 3). Chicago, IL, American Dietetic Asssociation, 2002,
p 6-13
478. Zeller K, Whittaker E, Sullivan L, Raskin P, Jacob-

on HR: Effect of restricting dietary protein on the progres-
ion of renal failure in patients with insulin-dependent
iabetes mellitus. N Engl J Med 324:78-84, 1991
479. Brouhard BH, LaGrone L: Effect of dietary protein

estriction on functional renal reserve in diabetic nephropa-

hy. Am J Med 89:427-431, 1990 m
480. Muhlhauser I, Prange K, Sawicki PT, et al: Effects
f dietary sodium on blood pressure in IDDM patients with
ephropathy. Diabetologia 39:212-219, 1996
481. Facchini FS, Saylor KL: A low-iron-available, poly-

henol-enriched, carbohydrate-restricted diet to slow progres-
ion of diabetic nephropathy. Diabetes 52:1204-1209, 2003

482. Wheeler ML, Fineberg SE, Fineberg NS, Gibson
G, Hackward LL: Animal versus plant protein meals in

ndividuals with type 2 diabetes and microalbuminuria:
ffects on renal, glycemic, and lipid parameters. Diabetes
are 25:1277-1282, 2002
483. Bakris GL, Smith A: Effects of sodium intake on

lbumin excretion in patients with diabetic nephropathy
reated with long-acting calcium antagonists. Ann Intern

ed 125:201-204, 1996
484. Saydah SH, Fradkin J, Cowie CC: Poor control of

isk factors for vascular disease among adults with previ-
usly diagnosed diabetes. JAMA 291:335-342, 2004
485. Marre M, Lievre M, Chatellier G, Mann JF, Passa P,
enard J, for the DIABHYCAR-Study-Investigators: Ef-

ects of low dose ramipril on cardiovascular and renal
utcomes in patients with type 2 diabetes and raised
xcretion of urinary albumin: Randomised, double blind,
lacebo controlled trial (the DIABHYCAR study). BMJ
28:495, 2004
486. UK Prospective Diabetes Study Group: Efficacy of

tenolol and captopril in reducing risk of macrovascular and
icrovascular complications in type 2 diabetes: UKPDS 39.
MJ 317:713-720, 1998
487. Ahmad J, Siddiqui MA, Ahmad H: Effective post-

onement of diabetic nephropathy with enalapril in normo-
ensive type 2 diabetic patients with microalbuminuria.
iabetes Care 20:1576-1581, 1997
488. Capes SE, Gerstein HC, Negassa A, Yusuf S:

nalapril prevents clinical proteinuria in diabetic patients
ith low ejection fraction. Diabetes Care 23:377-380, 2000
489. Gaede P, Hansen HP, Parving HH, Pedersen O:

mpact of low-dose acetylsalicylic acid on kidney function
n type 2 diabetic patients with elevated urinary albumin
xcretion rate. Nephrol Dial Transplant 18:539-542, 2003

490. Gaede P, Poulsen HE, Parving HH, Pedersen O:
ouble-blind, randomised study of the effect of combined

reatment with vitamin C and E on albuminuria in type 2
iabetic patients. Diabet Med 18:756-760, 2001
491. Lonn E, Yusuf S, Hoogwerf B, et al: Effects of

itamin E on cardiovascular and microvascular outcomes in
igh-risk patients with diabetes: Results of the HOPE study
nd MICRO-HOPE substudy. Diabetes Care 25:1919-1927,
002
492. Effect of intensive therapy on the microvascular

omplications of type 1 diabetes mellitus. JAMA 287:2563-
569, 2002
493. Manning PJ, Sutherland WH, Allum AR, de Jong

A, Jones SD: HRT does not improve urinary albumin
xcretion in postmenopausal diabetic women. Diabetes Res
lin Pract 60:33-39, 2003
494. Hoshino T, Ikeda T: Inhibitory effect of ibudilast on

rinary albumin excretion in type 2 diabetes mellitus with

icroalbuminuria. Nephron 90:154-157, 2002



O
e
t

t
2

J
b
2

P
w
D

M
i

g
K

d
p
2

R
C

L
a

t
e
d
A

m
c

d
8

E
t

o
T
2

m
t
K

S
f
1

i
w

P
a

c

d

C
p
n

S
t

L
m
c
t

D
d
A
e
e

d
4

R
i
C

c
n
m

S
i
I

G
a
t

i
f

P
t
1

p
w
C
F
2

S

ReferencesS176
495. Shindo H, Tawata M, Yokomori N, Hosaka Y,
htaka M, Onaya T: Iloprost decreases urinary albumin

xcretion rate in patients with diabetic nephropathy. Diabe-
es Res Clin Pract 21:115-122, 1993

496. Young BA, Pugh JA, Maynard C, Reiber G: Diabe-
es and renal disease in veterans. Diabetes Care 27:B45-B49,
004 (suppl 2)
497. Mau MK, West M, Sugihara J, Kamaka M, Mikami

, Cheng SF: Renal disease disparities in Asian and Pacific-
ased populations in Hawai’i. J Natl Med Assoc 95:955-963,
003
498. Thompson CF, Simmons D, Collins JF, Cecil A:

redisposition to nephropathy in Polynesians is associated
ith family history of renal disease, not diabetes mellitus.
iabet Med 18:40-46, 2001
499. Pugh JA, Stern MP, Haffner SM, Eifler CW, Zapata
: Excess incidence of treatment of end-stage renal disease

n Mexican Americans. Am J Epidemiol 127:135-144, 1988
500. Bowden DW, Colicigno CJ, Langefeld CD, et al: A

enome scan for diabetic nephropathy in African Americans.
idney Int 66:1517-1526, 2004
501. Gitter J, Langefeld CD, Rich SS, Pedley CF, Bow-

en DW, Freedman BI: Prevalence of nephropathy in black
atients with type 2 diabetes mellitus. Am J Nephrol
2:35-41, 2002
502. Imperatore G, Knowler WC, Nelson RG, Hanson

L: Genetics of diabetic nephropathy in the Pima Indians.
urr Diab Rep 1:275-281, 2001
503. Karter AJ, Ferrara A, Liu JY, Moffet HH, Ackerson

M, Selby JV: Ethnic disparities in diabetic complications in
n insured population. JAMA 287:2519-2527, 2002

504. Krop JS, Coresh J, Chambless LE, et al: A communi-
y-based study of explanatory factors for the excess risk for
arly renal function decline in blacks vs whites with
iabetes: The Atherosclerosis Risk in Communities Study.
rch Intern Med 159:1777-1783, 1999
505. Rate RG, Knowler WC, Morse HG, et al: Diabetes
ellitus in Hopi and Navajo Indians. Prevalence of microvas-

ular complications. Diabetes 32:894-899, 1983
506. Lemley KV: A basis for accelerated progression of

iabetic nephropathy in Pima Indians. Kidney Int Suppl
3:S38-S42, 2003
507. Sievers ML, Bennett PH, Roumain J, Nelson RG:

ffect of hypertension on mortality in Pima Indians. Circula-
ion 100:33-40, 1999

508. Tentori F, Stidley CA, Scavini M, et al: Prevalence
f hematuria among Zuni Indians with and without diabetes:
he Zuni Kidney Project. Am J Kidney Dis 41:1195-1204,
003
509. Hoy WE, Mathews JD, McCredie DA, et al: The
ultidimensional nature of renal disease: Rates and associa-

ions of albuminuria in an Australian Aboriginal community.
idney Int 54:1296-1304, 1998
510. Zarif L, Covic A, Iyengar S, Sehgal AR, Sedor JR,

chelling JR: Inaccuracy of clinical phenotyping parameters
or hypertensive nephrosclerosis. Nephrol Dial Transplant
5:1801-1807, 2000
511. Sinha R, Fisch G, Teague B, et al: Prevalence of

mpaired glucose tolerance among children and adolescents

ith marked obesity. N Engl J Med 346:802-810, 2002 c
512. Ogden CL, Flegal KM, Carroll MD, Johnson CL:
revalence and trends in overweight among US children and
dolescents, 1999-2000. JAMA 288:1728-1732, 2002

513. American Diabetes Association: Type 2 diabetes in
hildren and adolescents. Diabetes Care 23:381-389, 2000

514. Botero D, Wolfsdorf JI: Diabetes mellitus in chil-
ren and adolescents. Arch Med Res 36:281-290, 2005
515. Garg AX, Kiberd BA, Clark WF, Haynes RB, Clase

M: Albuminuria and renal insufficiency prevalence guides
opulation screening: Results from the NHANES III. Kid-
ey Int 61:2165-2175, 2002
516. Wasen E, Isoaho R, Mattila K, Vahlberg T, Kivela

L, Irjala K: Renal impairment associated with diabetes in
he elderly. Diabetes Care 27:2648-2653, 2004

517. Otiniano ME, Markides KS, Ottenbacher K, Ray
A, Du XL: Self-reported diabetic complications and 7-year
ortality in Mexican American elders. Findings from a

ommunity-based study of five Southwestern states. J Diabe-
es Complications 17:243-248, 2003

518. Kuo YF, Raji MA, Markides KS, Ray LA, Espino
V, Goodwin JS: Inconsistent use of diabetes medications,
iabetes complications, and mortality in older Mexican
mericans over a 7-year period: Data from the Hispanic

stablished population for the epidemiologic study of the
lderly. Diabetes Care 26:3054-3060, 2003

519. Mix TC, St Peter WL, Ebben J, et al: Hospitalization
uring advancing chronic kidney disease. Am J Kidney Dis
2:972-981, 2003
520. Ekbom P, Damm P, Feldt-Rasmussen B, Feldt-

asmussen U, Molvig J, Mathiesen ER: Pregnancy outcome
n type 1 diabetic women with microalbuminuria. Diabetes
are 24:1739-1744, 2001
521. Hiilesmaa V, Suhonen L, Teramo K: Glycaemic

ontrol is associated with pre-eclampsia but not with preg-
ancy-induced hypertension in women with type I diabetes
ellitus. Diabetologia 43:1534-1539, 2000
522. Biesenbach G, Grafinger P, Zazgornik J, Helmut,

toger: Perinatal complications and three-year follow up of
nfants of diabetic mothers with diabetic nephropathy stage
V. Ren Fail 22:573-580, 2000

523. Gordon M, Landon MB, Samuels P, Hissrich S,
abbe SG: Perinatal outcome and long-term follow-up

ssociated with modern management of diabetic nephropa-
hy. Obstet Gynecol 87:401-409, 1996

524. Kimmerle R, Zass RP, Cupisti S, et al: Pregnancies
n women with diabetic nephropathy: Long-term outcome
or mother and child. Diabetologia 38:227-235, 1995

525. Dunne FP, Chowdhury TA, Hartland A, et al:
regnancy outcome in women with insulin-dependent diabe-

es mellitus complicated by nephropathy. QJM 92:451-454,
999
526. Sibai BM, Caritis S, Hauth J, et al: Risks of

reeclampsia and adverse neonatal outcomes among women
ith pregestational diabetes mellitus. National Institute of
hild Health and Human Development Network of Maternal-
etal Medicine Units. Am J Obstet Gynecol 182:364-369,
000
527. Vaarasmaki MS, Hartikainen A, Anttila M, Pramila

, Koivisto M: Factors predicting peri- and neonatal out-

ome in diabetic pregnancy. Early Hum Dev 59:61-70, 2000



O
f
3

s
c
D

T
t

J
p
p
1

p
s
1

t
P

t

p
F
(

o
a
p

n
p
T

o
n
n
4

M
s

F
f
m
1

G
w
3

t

S

G

M
n

c
3

s
e
l
m
J

A
c
c
s

n
3

a
p

i
t
C

A
s
2

p
D

i
i
c

c

m
b

T
2

S
m
G

a
4

A
O

M
o

p

References S177
528. Nielsen GL, Sorensen HT, Nielsen PH, Sabroe S,
lsen J: Glycosylated hemoglobin as predictor of adverse

etal outcome in type 1 diabetic pregnancies. Acta Diabetol
4:217-222, 1997
529. The Diabetes Control and Complications Trial Re-

earch Group: Effect of pregnancy on microvascular compli-
ations in the diabetes control and complications trial.
iabetes Care 23:1084-1091, 2000
530. Hemachandra A, Ellis D, Lloyd CE, Orchard TJ:

he influence of pregnancy on IDDM complications. Diabe-
es Care 18:950-954, 1995

531. Mackie AD, Doddridge MC, Gamsu HR, Brudenell
M, Nicolaides KH, Drury PL: Outcome of pregnancy in
atients with insulin-dependent diabetes mellitus and ne-
hropathy with moderate renal impairment. Diabet Med
3:90-96, 1996
532. Purdy LP, Hantsch CE, Molitch ME, et al: Effect of

regnancy on renal function in patients with moderate-to-
evere diabetic renal insufficiency. Diabetes Care 19:1067-
074, 1996
533. Report of the National High Blood Pressure Educa-

ion Program Working Group on High Blood Pressure in
regnancy. Am J Obstet Gynecol 183:S1-S22, 2000 (suppl)
534. Podymow T, August P, Umans JG: Antihypertensive

herapy in pregnancy. Semin Nephrol 24:616-625, 2004
535. August P, Lindheimer M: Chronic hypertension and

regnancy, in Lindheimer MD, Roberts JM, Cunningham
G (eds): Chelsey’s Hypertensive Disorders in Pregnancy
ed 2). Stamford, CT, Appleton & Lange, 1999, pp 650-653

536. Bar J, Chen R, Schoenfeld A, et al: Pregnancy
utcome in patients with insulin dependent diabetes mellitus
nd diabetic nephropathy treated with ACE inhibitors before
regnancy. J Pediatr Endocrinol Metab 12:659-665, 1999
537. Hod M, van Dijk DJ, Karp M, et al: Diabetic

ephropathy and pregnancy: The effect of ACE inhibitors
rior to pregnancy on fetomaternal outcome. Nephrol Dial
ransplant 10:2328-2333, 1995
538. Shotan A, Widerhorn J, Hurst A, Elkayam U: Risks

f angiotensin-converting enzyme inhibition during preg-
ancy: Experimental and clinical evidence, potential mecha-
isms, and recommendations for use. Am J Med 96:451-
56, 1994
539. Cooper WO, Hernandez-Diaz S, Arbogast PG, et al:
ajor congenital malformations after first-trimester expo-

ure to ACE inhibitors. N Engl J Med 354:2443-2451, 2006
540. Jacobson GF, Ramos GA, Ching JY, Kirby RS,

errara A, Field DR: Comparison of glyburide and insulin
or the management of gestational diabetes in a large
anaged care organization. Am J Obstet Gynecol 193:118-

24, 2005
541. Langer O, Conway DL, Berkus MD, Xenakis EM,

onzales O: A comparison of glyburide and insulin in
omen with gestational diabetes mellitus. N Engl J Med
43:1134-1138, 2000
542. Preconception care of women with diabetes. Diabe-

es Care 26:S91-S93, 2003 (suppl 1)
543. Gestational diabetes mellitus. Diabetes Care 26:

103-S105, 2003 (suppl 1)
544. ACOG Practice Bulletin: Clinical Management
uidelines for Obstetrician-Gynecologists. Number 60, P
arch 2005. Pregestational diabetes mellitus. Obstet Gy-
ecol 105:675-685, 2005
545. Miller VT: Dyslipoproteinemia in women. Special

onsiderations. Endocrinol Metab Clin North Am 19:381-
98, 1990
546. Napoli C, D’Armiento FP, Mancini FP, et al: Fatty

treak formation occurs in human fetal aortas and is greatly
nhanced by maternal hypercholesterolemia. Intimal accumu-
ation of low density lipoprotein and its oxidation precede
onocyte recruitment into early atherosclerotic lesions.
Clin Invest 100:2680-2690, 1997
547. Levitt NS, Bradshaw D, Zwarenstein MF, Bawa

A, Maphumolo S: Audit of public sector primary diabetes
are in Cape Town, South Africa: High prevalence of
omplications, uncontrolled hyperglycaemia, and hyperten-
ion. Diabet Med 14:1073-1077, 1997

548. Wesson DE: Can risk factor modification prevent
ephropathy in type 2 diabetes mellitus? Am J Kidney Dis
6:1054-1056, 2000
549. KEEP: Kidney Early Evaluation Program. Annual

tlas of the National Kidney Foundation’s early evaluation
rogram data. Am J Kidney Dis 42:S1-S61, 2003 (suppl 4)
550. Acton KJ, Shields R, Rith-Najarian S, et al: Apply-

ng the diabetes quality improvement project indicators in
he Indian Health Service primary care setting. Diabetes
are 24:22-26, 2001
551. Burrows NR, Narva AS, Geiss LS, Engelgau MM,

cton KJ: End-stage renal disease due to diabetes among
outhwestern American Indians, 1990-2001. Diabetes Care
8:1041-1044, 2005
552. Geiss L, Engelgau M, Pogach L, et al: A national

rogress report on diabetes: Successes and challenges.
iabetes Technol Ther 7:198-203, 2005
553. Hoy WE, Wang Z, Baker PR, Kelly AM: Reduction

n natural death and renal failure from a systematic screen-
ng and treatment program in an Australian Aboriginal
ommunity. Kidney Int Suppl 83:S66-S73, 2003

554. Mani MK: Prevention of chronic renal failure at the
ommunity level. Kidney Int Suppl 83:S86-S89, 2003

555. Ifudu O, Dawood M, Homel P, Friedman EA: Excess
orbidity in patients starting uremia therapy without prior care

y a nephrologist. Am J Kidney Dis 28:841-845, 1996
556. Dean HJ: Dancing with many different ghosts:

reatment of youth with type 2 diabetes. Diabetes Care
5:237-238, 2002
557. Miodovnik M, Rosenn BM, Khoury JC, Grigsby JL,

iddiqi TA: Does pregnancy increase the risk for develop-
ent and progression of diabetic nephropathy? Am J Obstet
ynecol 174:1180-1189, 1996
558. Rossing K, Jacobsen P, Hommel E, et al: Pregnancy

nd progression of diabetic nephropathy. Diabetologia 45:36-
1, 2002
559. Vaarasmaki M, Anttila M, Pirttiaho H, Hartikainen

L: Are recurrent pregnancies a risk in type 1 diabetes? Acta
bstet Gynecol Scand 81:1110-1115, 2002
560. Reece EA, Winn HN, Hayslett JP, Coulehan J, Wan
, Hobbins JC: Does pregnancy alter the rate of progression

f diabetic nephropathy? Am J Perinatol 7:193-197, 1990
561. Geiss LS, Rolka DB, Engelgau MM: Elevated blood

ressure among U.S. adults with diabetes, 1988-1994. Am J

rev Med 22:42-48, 2002



(
s
d
y

E
R
w
t

R
l
P
2

m
o

P
r
5

[
l
5

W
m
U

S
m
s

m

o
t

o
t
1

t
d

o
K

s
C

n
s
C

E
m

i

t
C

H
c
1

a
f

i

e
t

r
8

d
a
i

t
2

R
a
t

m
c
A

H
s
N

M
i
D

i
o
S

s
a

D
o
O

M
d
D

o
m
m

ReferencesS178
562. United Kingdom Prospective Diabetes Study
UKPDS): 13: Relative efficacy of randomly allocated diet,
ulphonylurea, insulin, or metformin in patients with newly
iagnosed non-insulin dependent diabetes followed for three
ears. BMJ 310:83-88, 1995
563. The Diabetes Control and Complications Trial/

pidemiology of Diabetes Interventions and Complications
esearch Group: Retinopathy and nephropathy in patients
ith type 1 diabetes four years after a trial of intensive

herapy. N Engl J Med 342:381-389, 2000
564. Wright A, Burden AC, Paisey RB, Cull CA, Holman

R: Sulfonylurea inadequacy: Efficacy of addition of insu-
in over 6 years in patients with type 2 diabetes in the U.K.
rospective Diabetes Study (UKPDS 57). Diabetes Care
5:330-336, 2002
565. DiMatteo MR: Variations in patients’ adherence to
edical recommendations: A quantitative review of 50 years

f research. Med Care 42:200-209, 2004
566. Glasgow RE, Hampson SE, Strycker LA, Ruggiero L:

ersonal-model beliefs and social-environmental barriers
elated to diabetes self-management. Diabetes Care 20:556-
61, 1997
567. Litwak LE, Mileo Vaglio R, Alvarez A, Gutman RA:

Self monitoring of capillary blood glucose. Evaluation of
ong-term results (3 to 7 years)]. Medicina (B Aires)
9:71-78, 1999
568. Beckles GL, Engelgau MM, Narayan KM, Herman
H, Aubert RE, Williamson DF: Population-based assess-
ent of the level of care among adults with diabetes in the
.S. Diabetes Care 21:1432-1438, 1998
569. Evans JM, Newton RW, Ruta DA, MacDonald TM,

tevenson RJ, Morris AD: Frequency of blood glucose
onitoring in relation to glycaemic control: Observational

tudy with diabetes database. BMJ 319:83-86, 1999
570. Cramer JA: A systematic review of adherence with
edications for diabetes. Diabetes Care 27:1218-1224, 2004
571. Kamiya A, Ohsawa I, Fujii T, et al: A clinical survey

n the compliance of exercise therapy for diabetic outpa-
ients. Diabetes Res Clin Pract 27:141-145, 1995

572. Kravitz RL, Hays RD, Sherbourne CD, et al: Recall
f recommendations and adherence to advice among pa-
ients with chronic medical conditions. Arch Intern Med
53:1869-1878, 1993
573. Cerkoney KA, Hart LK: The relationship between

he health belief model and compliance of persons with
iabetes mellitus. Diabetes Care 3:594-598, 1980
574. Flauto RP, Leon JB, Sehgal AR: The provision and

utcomes of diabetic care of hemodialysis patients. Am J
idney Dis 41:125-131, 2003
575. Mensing C, Boucher J, Cypress M, et al: National

tandards for diabetes self-management education. Diabetes
are 27:S143-S150, 2004 (suppl 1)
576. Norris SL, Engelgau MM, Narayan KM: Effective-

ess of self-management training in type 2 diabetes: A
ystematic review of randomized controlled trials. Diabetes
are 24:561-587, 2001
577. Ellis SE, Speroff T, Dittus RS, Brown A, Pichert JW,

lasy TA: Diabetes patient education: A meta-analysis and
eta-regression. Patient Educ Couns 52:97-105, 2004
578. Wing RR, Goldstein MG, Acton KJ, et al: Behav-
oral science research in diabetes: Lifestyle changes related i
o obesity, eating behavior, and physical activity. Diabetes
are 24:117-123, 2001
579. Hypertension Prevention Trial Research Group: The

ypertension Prevention Trial: Three-year effects of dietary
hanges on blood pressure. Arch Intern Med 150:153-162,
990

580. Ciechanowski PS, Katon WJ, Russo JE: Depression
nd diabetes: Impact of depressive symptoms on adherence,
unction, and costs. Arch Intern Med 160:3278-3285, 2000

581. HurleyAC, Shea CA: Self-efficacy: strategy for enhanc-
ng diabetes self-care. Diabetes Educ 18:146-150, 1992

582. Johnston-Brooks CH, Lewis MA, Garg S: Self-
fficacy impacts self-care and HbA1c in young adults with
ype I diabetes. Psychosom Med 64:43-51, 2002

583. McCaul KD, Glasgow RE, Schafer LC: Diabetes
egimen behaviors. Predicting adherence. Med Care 25:868-
81, 1987
584. Senecal C, Nouwen A, White D: Motivation and

ietary self-care in adults with diabetes: Are self-efficacy
nd autonomous self-regulation complementary or compet-
ng constructs? Health Psychol 19:452-457, 2000

585. Schillinger D, Grumbach K, Piette J, et al: Associa-
ion of health literacy with diabetes outcomes. JAMA
88:475-482, 2002
586. Swift CS, Armstrong JE, Beerman KA, Campbell

K, Pond-Smith D: Attitudes and beliefs about exercise
mong persons with non-insulin-dependent diabetes. Diabe-
es Educ 21:533-540, 1995

587. Smedley BD, Stith AY, Nelson AR: Unequal Treat-
ent Confronting Racial and Ethnic Disparities in Health-

are. Washington, DC, Institute of Medicine, National
cademy Press, 2002
588. Cowie CC, Port FK, Wolfe RA, Savage PJ, Moll PP,

awthorne VM: Disparities in incidence of diabetic end-
tage renal disease according to race and type of diabetes.

Engl J Med 321:1074-1079, 1989
589. Sarkisian CA, Brown AF, Norris KC, Wintz RL,
angione CM: A systematic review of diabetes self-care

nterventions for older, African American, or Latino adults.
iabetes Educ 29:467-479, 2003
590. Bruce DG, Casey GP, Grange V, et al: Cognitive

mpairment, physical disability and depressive symptoms in
lder diabetic patients: The Fremantle Cognition in Diabetes
tudy. Diabetes Res Clin Pract 61:59-67, 2003
591. Logroscino G, Kang JH, Grodstein F: Prospective

tudy of type 2 diabetes and cognitive decline in women
ged 70-81 years. BMJ 328:548, 2004

592. Elias MF, Elias PK, Sullivan LM, Wolf PA,
’Agostino RB: Lower cognitive function in the presence of
besity and hypertension: The Framingham heart study. Int J
bes Relat Metab Disord 27:260-268, 2003
593. Norris SL, Lau J, Smith SJ, Schmid CH, Engelgau
M: Self-management education for adults with type 2

iabetes: A meta-analysis of the effect on glycemic control.
iabetes Care 25:1159-1171, 2002
594. Steed L, Cooke D, Newman S: A systematic review

f psychosocial outcomes following education, self-
anagement and psychological interventions in diabetes
ellitus. Patient Educ Couns 51:5-15, 2003
595. Norris SL, Nichols PJ, Caspersen CJ, et al: Increas-
ng diabetes self-management education in community set-



t
2

B
b
t

L
m

e

References S179
ings. A systematic review. Am J Prev Med 22:S39-S66,
002 (suppl 4)
596. Gary TL, Genkinger JM, Guallar E, Peyrot M,

rancati FL: Meta-analysis of randomized educational and
ehavioral interventions in type 2 diabetes. Diabetes Educa-

or 29:488-501, 2003 2
597. Balas EA, Krishna S, Kretschmer RA, Cheek TR,
obach DF, Boren SA: Computerized knowledge manage-
ent in diabetes care. Med Care 42:610-621, 2004
598. Atkins D, Best D, Briss PA, et al: Grading quality of

vidence and strength of recommendations. BMJ 328:1490,

004


	Diabetes_AJKD_FebSuppl_07.pdf
	1.pdf
	I. EXECUTIVE SUMMARY
	EXECUTIVE SUMMARY
	INTRODUCTION
	BACKGROUND
	Epidemic of Diabetes

	PROBLEM OF DIABETES AND CKD
	Diabetes, CKD, and CVD

	GOALS OF CPG AND CPR PROCESS
	Scope
	The Value of Multifaceted Intervention

	SUMMARY
	CPG AND CPR STATEMENTS
	Guideline 1: Screening and Diagnosis of DKD
	Guideline 2: Management of Hyperglycemia and General Diabetes Care in CKD
	Guideline 3: Management of Hypertension in Diabetes and CKD
	Guideline 4: Management of Dyslipidemia in Diabetes and CKD
	Guideline 5: Nutritional Management in Diabetes and CKD
	CPR 1: Management of Albuminuria in Normotensive Patients With Diabetes and Albuminuria as a Surrogate Marker
	CPR 2: Multifaceted Approach to Intervention in Diabetes and CKD
	CPR 3: Diabetes and CKD in Special Populations
	CPR 4: Behavioral Self-Management in Diabetes and CKD



	II. CLINICAL PRACTICE GUIDELINES
	BACKGROUND
	INTRODUCTION
	PROBLEM OF DIABETES AND CKD
	GOALS OF CPG AND CPR PROCESS
	Scope

	DIABETES AS A PUBLIC HEALTH MANDATE
	An Epidemic
	Obesity and Inactivity
	Ethnicity
	Extremes of Age
	Pregnancy
	Vascular Target-Organ Complications Cause Much Morbidity and Mortality

	DKD AND CKD
	Terminology for the Kidney Disease of Diabetes
	Screening and Diagnosis
	Diabetes May Coexist With Other Causes of CKD

	DIABETES, CKD, AND CVD
	Diabetes and CKD: A High-Stakes Combination for Cardiovascular Complications and Death
	Intensive Risk Factor Management for Prevention of CVD
	Evaluation for Coronary Heart Disease
	Medical Management of Coronary Heart Disease
	RAS Inhibition
	 -Blockers
	Aspirin
	Intensive Glycemic Control in Acute and Long-Term Care Settings

	Reperfusion and Revascularization for Coronary Heart Disease
	Acute Ischemic Syndromes
	Nonacute Ischemic Syndromes


	RISK FACTOR MANAGEMENT IN DIABETES AND CKD
	The Competing Risks Paradigm: CKD and CVD
	New to the NKF-KDOQI™ Guidelines: Management of Hyperglycemia and General Diabetes Care in CKD
	Updates to the NKF-KDOQI™ Guidelines: Management of Hypertension, Dyslipidemia, and Nutrition
	Hypertension
	Dyslipidemia
	Nutrition

	New to NKF-KDOQI™ CPRs
	How Should Albuminuria Be Managed in Normotensive Patients With Diabetes?
	Is Albuminuria an Acceptable Surrogate Marker for Progression of DKD?
	The Value of Multifaceted Intervention
	Lifestyle and Behavioral Management



	GUIDELINE 1: SCREENING AND DIAGNOSIS OF DIABETIC KIDNEY DISEASE
	BACKGROUND
	RATIONALE
	Definitions
	Microalbuminuria and estimation of GFR satisfy criteria for a screening test for DKD. (Moderate)
	Screening for kidney disease should begin 5 years after the diagnosis of type 1 diabetes and at the diagnosis of type 2 diabetes. (Moderate/Strong)
	Elevated ACR should be confirmed in the absence of urinary tract infection. (Moderate)
	In most people with diabetes, CKD should be attributable to DKD in the presence of: (1) macroalbuminuria or microalbuminuria plus retinopathy, and (2) in people with type 1 diabetes, in the presence of microalbuminuria plus duration of diabetes longe
	Atypical clinical features should prompt evaluation for non-DKD. People with diabetes and CKD may have increased risks of testing and treatments. (Moderate)
	A kidney biopsy may be required in some patients with diabetes and CKD to determine the underlying cause of the kidney disease. (Moderate)
	Caution should be used when administering radiographic contrast agents to patients with diabetes and CKD because their risk of RCN is higher than in those without these diseases. (Moderate/Strong)


	LIMITATIONS
	IMPLEMENTATION ISSUES

	GUIDELINE 2: MANAGEMENT OF HYPERGLYCEMIA AND GENERAL DIABETES CARE IN CHRONIC KIDNEY DISEASE
	BACKGROUND
	RATIONALE
	Lowering HbA1c levels to approximately 7.0% reduces the development of microalbuminuria. (Strong)
	Type 1 Diabetes (Table 19)
	Type 2 Diabetes (Table 20)

	Lowering HbA1c levels to approximately 7.0% reduces the development of macroalbuminuria. (Moderate)
	Type 1 Diabetes (Table 19)
	Type 2 Diabetes (Table 20)

	Lowering HbA1c levels to approximately 7.0% reduces the rate of decrease in GFR. (Weak)
	Thiazolidinediones may have unique properties that reduce albuminuria. (Weak)

	COMPARISON WITH OTHER GUIDELINES
	LIMITATIONS
	IMPLEMENTATION ISSUES
	Drug Therapies
	Special Considerations in CKD Stages 3 to 5
	Assessment of Glycemic Control and Complications Other Than Kidney Disease


	GUIDELINE 3: MANAGEMENT OF HYPERTENSION IN DIABETES AND CHRONIC KIDNEY DISEASE
	BACKGROUND
	RATIONALE
	Most patients with DKD have hypertension. (Strong)
	Higher levels of blood pressure are associated with more rapid progression of DKD. (Strong)
	ACE inhibitors and ARBs are effective in slowing progression of kidney disease characterized by microalbuminuria in hypertensive patients with type 1 or type 2 diabetes. (Moderate)
	ACE inhibitors are more effective than other antihypertensive classes in slowing progression of kidney disease characterized by macroalbuminuria in hypertensive patients with type 1 diabetes. (Strong)
	ARBs are more effective than other antihypertensive classes in slowing progression of kidney disease characterized by macroalbuminuria in hypertensive patients with type 2 diabetes. (Strong)
	ACE inhibitors may be more effective than other antihypertensive classes in slowing the progression of kidney disease characterized by macroalbuminuria in hypertensive patients with type 2 diabetes. (Weak)
	ARBs may be more effective than other antihypertensive agents in slowing progression of kidney disease characterized by macroalbuminuria in hypertensive patients with type 1 diabetes. (Weak)
	Diuretics may potentiate the beneficial effects of ACE inhibitors and ARBs in hypertensive patients with DKD. (Moderate)
	ACE inhibitors, ARBs, and nondihydropyridine calcium channel blockers have a greater antiproteinuric effect than other antihypertensive classes in hypertensive patients with DKD. (Strong)
	Dihydropyridine calcium channel blockers, when used to treat hypertension in the absence of ACE inhibitors or ARBs, are less effective than other agents in slowing progression of DKD. (Strong)
	A systolic blood pressure goal even lower than 130 mm Hg may be more effective in slowing the progression of DKD. (Weak)
	Multiple antihypertensive agents are usually required to reach target blood pressure (Strong)

	COMPARISONS WITH OTHER GUIDELINES
	LIMITATIONS
	IMPLEMENTATION ISSUES
	Assessment of Blood Pressure


	GUIDELINE 4: MANAGEMENT OF DYSLIPIDEMIA IN DIABETES AND CHRONIC KIDNEY DISEASE
	BACKGROUND
	RATIONALE
	Most patients with diabetes and CKD have dyslipidemia. (Strong)
	Elevated LDL-C can effectively be treated with statins in diabetes and CKD. (Strong)
	Most patients with diabetes and CKD are at very high risk to develop macrovascular complications. (Strong)
	LDL-C–lowering therapy decreases the risk of CVD in diabetes and CKD stages 1 to 3. (Moderate)
	Atorvastatin treatment in patients with type 2 diabetes on maintenance hemodialysis treatment does not improve cardiovascular outcomes. (Strong)
	Dyslipidemia may increase albuminuria and accelerate progression of DKD. Whether treatment with statins slows progression of DKD is uncertain. (Weak)
	For patients with type 2 diabetes who are taking statins, routine monitoring of liver function tests or muscle enzymes is not recommended except in specific circumstances. (Strong)

	COMPARISON WITH OTHER GUIDELINES
	The 2004 NCEP Report on ATP III Guidelines

	LIMITATIONS
	IMPLEMENTATION ISSUES
	Assessment of Lipids


	GUIDELINE 5: NUTRITIONAL MANAGEMENT IN DIABETES AND CHRONIC KIDNEY DISEASE
	BACKGROUND
	RATIONALE
	A dietary protein intake of 0.8 g/kg body weight per day, the RDA for this macronutrient, is a level that has been achieved in studies of diabetes and CKD. Reduction in albuminuria and stabilization of kidney function have been reported with dietary 
	If dietary protein intake is limited, an increase in carbohydrates and/or fats is required for adequate caloric intake. Increasing intake of omega-3 and monounsaturated fats may confer benefits on CKD. (Weak/Opinion)
	People with diabetes and CKD should receive intervention from a specialty-trained registered dietitian that includes individualized management of multiple nutritional aspects. (Moderate)

	COMPARISONS WITH OTHER GUIDELINES
	LIMITATIONS
	IMPLEMENTATION ISSUES
	Schedule for Nutritional Assessment and Intervention



	III. CLINICAL PRACTICE RECOMMENDATIONS
	CLINICAL PRACTICE RECOMMENDATION 1: MANAGEMENT OF ALBUMINURIA IN NORMOTENSIVE PATIENTS WITH DIABETES AND ALBUMINURIA AS A SURROGATE MARKER
	BACKGROUND
	RATIONALE
	Definitions
	Normotensive people with diabetes and macroalbuminuria should receive an ACE inhibitor or an ARB. (Moderate/Weak)
	In normotensive people with diabetes and microalbuminuria, use of an ACE inhibitor or an ARB may be considered. (Weak)
	Albuminuria change may be an acceptable surrogate marker for clinical outcomes in DKD. (Weak/Opinion)


	LIMITATIONS
	IMPLEMENTATION ISSUES
	CLINICAL PRACTICE RECOMMENDATION 2: MULTIFACETED APPROACH TO INTERVENTION IN DIABETES AND CHRONIC KIDNEY DISEASE
	BACKGROUND
	RATIONALE
	The care of people with diabetes and CKD should incorporate a multifaceted approach to intervention. (Moderate/Weak)
	A normal BMI (18.5 to 24.9 kg/m2) may reduce the risk of loss of kidney function and CVD. (Opinion)

	LIMITATIONS
	IMPLEMENTATION ISSUES


	CLINICAL PRACTICE RECOMMENDATION 3: DIABETES AND CHRONIC KIDNEY DISEASE IN SPECIAL POPULATIONS
	BACKGROUND
	RATIONALE
	The worldwide epidemic of diabetes disproportionately affects the developing world. (Strong)
	Minorities bear a disproportionate burden of diabetic CKD in the United States. (Strong)
	Special populations may demonstrate different patterns of comorbid conditions and a different course of CKD than the majority population. (Moderate)
	The frequency of nondiabetic CKD differs among special populations with diabetes. (Moderate)
	Diabetes and CKD are increasing among children and adolescents. (Strong/Moderate)
	Children and adolescents with diabetes and CKD have special treatment considerations. (Weak/Opinion)
	Elderly people with diabetes and CKD have special treatment considerations. (Weak/Opinion)
	The presence of microalbuminuria in pregnant women with type 1 diabetes increases risks of adverse maternal and child outcomes, including preeclampsia and preterm delivery. Macroalbuminuria further increases these risks and also may increase risk of 
	Albuminuria in pregnant women with type 1 diabetes does not increase the risk of worsening of DKD unless kidney function also is impaired. (Strong/Moderate)
	The effect of CKD on the outcome of pregnancy in women with type 2 diabetes is unknown. (Opinion)
	Medical management of CKD should be adjusted during pregnancy in women with diabetes. (Weak/Opinion)
	ACE inhibitors and ARBs should be stopped at the first indication of possible pregnancy in women with diabetes and CKD. Methyldopa and labetolol are preferred antihypertensive agents during pregnancy. (Weak/Opinion)
	Insulin is the preferred pharmacological therapy for hyperglycemia in pregnant women with diabetes and CKD. (Opinion)
	Dyslipidemia should not be treated during pregnancy in women with diabetes and CKD. (Opinion)
	Dietary protein intake should not be restricted during pregnancy in women with diabetes and CKD. (Opinion)
	Pregnant women with diabetes and CKD stage 5 treated by kidney transplantation or dialysis should be managed according to the recommendations for earlier stages of CKD. (Opinion)

	IMPLEMENTATION ISSUES

	CLINICAL PRACTICE RECOMMENDATION 4: BEHAVIORAL SELF-MANAGEMENT IN DIABETES AND CHRONIC KIDNEY DISEASE
	BACKGROUND
	RATIONALE
	Due to complexity of the behavioral self-management regimen for diabetes and CKD and high frequency of nonadherence, alternative approaches to traditional education should be considered. (Moderate/Weak)
	The management plan should include careful coordination of care, addressing both diabetes and CKD. (Moderate/Weak)
	Behavioral adherence should be assessed in all patients, particularly in those who do not respond to therapy. (Weak/Opinion)
	Self-management approaches based in behavioral medicine may be effective in enhancing adherence to the management regimen for diabetes and CKD. (Weak/Opinion)
	Assessments and educational efforts should take into consideration modifiable barriers to self-management, should be culturally appropriate, and should consider the unique learning needs of the patient. (Weak/Opinion)
	Behavior change requires repeated contacts and sustained support from the health care team. (Weak/Opinion)

	LIMITATIONS
	IMPLEMENTATION ISSUES


	IV. RESEARCH RECOMMENDATIONS
	Guideline 1. Screening and Diagnosis of Diabetic Kidney Disease
	Guideline 2. Management of Hyperglycemia and General Diabetes Care in CKD
	Guideline 3. Management of Hypertension in Diabetes and CKD
	Guideline 4. Management of Dyslipidemia in Diabetes and CKD
	Guideline 5. Nutritional Management in Diabetes and CKD
	CPR 1. Management of Albuminuria in Normotensive Patients With Diabetes and Albuminuria as a Surrogate Marker in DKD
	CPR 2. Multifaceted Intervention for People With Diabetes and CKD
	CPR 3. Diabetes and CKD in Special Populations
	CPR 4. Behavioral Self-Management in Diabetes and CKD
	New Treatments for DKD

	APPENDIX 1: NUTRITIONAL MANAGEMENT OF DIABETES AND CHRONIC KIDNEY DISEASE
	Sample meal plan
	MENU
	Breakfast
	Lunch
	Snack
	Dinner

	RECIPES
	Peanut Butter Oatmeal
	Analysis

	Very Berry Tofu Smoothie
	Analysis

	Baked Salmon With Roasted Asparagus on Cracked Wheat Bun
	Habanero Hollandaise Sauce
	Analysis

	Fresh Pineapple With Strawberry Lemon Thyme Sorbet
	Strawberry Lemon Thyme Sorbet
	Lemon Thyme Simple Syrup
	Analysis

	Cucumbers With Horseradish Dill Dip
	Analysis

	Bulgur Pilaf
	Analysis

	Grilled Vegetables
	Dressing
	Outdoor Grilling
	Oven Broiling
	Analysis

	Rum-Baked Apples
	Sauce
	Sauce
	Analysis




	APPENDIX 2: METHODS FOR EVALUATING EVIDENCE
	AIM
	OVERVIEW OF PROCESS
	Creation of Groups
	Refinement of Guideline Topics and Development of Materials
	Literature Search
	Generation of Data Extraction Forms
	Generation of Evidence Tables
	Format for Summary Tables
	Systematic Review Topics, Study Eligibility Criteria, and Literature Yield
	Grading of Individual Studies
	Study Size and Duration
	Applicability
	Results
	Methodological Quality

	Summarizing Reviews and Selected Original Articles
	Format of Guidelines and Clinical Practice Recommendations
	Rating the Strength of Guidelines and Rationale Statements
	Grading the Strength of Evidence

	Limitations of Approach







