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Reference Keys
NOMENCLATURE AND DESCRIPTION FOR RATING GUIDELINE RECOMMENDATIONS
Within each recommendation, the strength of recommendation is indicated as Level 1, Level 2, or Not Graded, and the quality of the
supporting evidence is shown as A, B, C, or D.
Implications
Grade*

Patients

Clinicians

Policy

Level 1
‘We recommend’

Most people in your situation would want
the recommended course of action and only
a small proportion would not.

Most patients should receive the
recommended course of action.

The recommendation can be evaluated as a
candidate for developing a policy or a
performance measure.

Level 2
‘We suggest’

The majority of people in your situation
would want the recommended course of
action, but many would not.

Different choices will be appropriate for
different patients. Each patient needs help to
arrive at a management decision consistent
with her or his values and preferences.

The recommendation is likely to require
substantial debate and involvement of
stakeholders before policy can be
determined.

*The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or where the topic does not allow adequate application of evidence.
The most common examples include recommendations regarding monitoring intervals, counseling, and referral to other clinical specialists. The ungraded recommendations
are generally written as simple declarative statements, but are not meant to be interpreted as being stronger recommendations than Level 1 or 2 recommendations.

Grade

Quality of evidence

Meaning

A
B
C
D

High
Moderate
Low
Very low

We are confident that the true effect lies close to that of the estimate of the effect.
The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
The true effect may be substantially different from the estimate of the effect.
The estimate of effect is very uncertain, and often will be far from the truth.

STAGES OF CHRONIC KIDNEY DISEASE
GFR (ml/min per 1.73 m2)

CKD Stage

Description

1
2
3
4
5a

Kidney damage with normal or increased GFR
Kidney damage with mild decreased GFR
Moderate decreased GFR
Severe decreased GFR
Kidney failure

Z90
60–89
30–59
15–29
o15 (or dialysis)

CKD, chronic kidney disease; GFR, glomerular filtration rate.
CKD 1–5T notation applies to kidney transplant recipients.
a
5D if dialysis (HD or PD).

CURRENT CHRONIC KIDNEY DISEASE (CKD) NOMENCLATURE USED BY KDIGO
CKD categories

Definition

CKD

CKD of any stage (1–5), with or without a kidney transplant, including both non-dialysis
dependent CKD (CKD 1–5 ND) and dialysis-dependent CKD (CKD 5D)
Non-dialysis-dependent CKD of any stage (1–5), with or without a kidney transplant
(i.e., CKD excluding CKD 5D)
Non-dialysis-dependent CKD of any stage (1–5) with a kidney transplant

CKD ND
CKD T
Specific CKD Stages
CKD
CKD
CKD
CKD
CKD

1, 2, 3, 4
3-4, etc.
5D
5HD
5PD

Specific stages of CKD, CKD ND, or CKD T
Range of specific stages (e.g., both CKD 3 and CKD 4)
Dialysis-dependent CKD 5
Hemodialysis-dependent CKD 5
Peritoneal dialysis-dependent CKD 5

CONVERSION FACTORS OF METRIC UNITS TO SI UNITS
Parameter
Blood urea nitrogen
Creatinine (serum)
Creatinine clearance

Metric units

Conversion factor

SI units

mg/ml
mg/dl
ml/min

0.357
88.4
0.01667

mmol/l
mmol/l
ml/s

Note: Metric unit  conversion factor ¼ SI unit.

Kidney International Supplements (2012) 2, vii

vii

http://www.kidney-international.org
& 2012 KDIGO

Abbreviations and Acronyms
AASK
ABCD
ABPM
ACCF
ACCORD
ACE-I
ACR
ADVANCE

AER
AGREE
AHA
ALLHAT
ALTITUDE
ARB
BMI
BP
CAD
CASE J
CI
CKD
CKD-EPI
CKD ND
CKD T
CKD 5D
CKiD
CNI
COGS
COX-2
CPG
CRIC
CVD
DCCT/EDIC
DRI
EDC
ERT
ESCAPE

EUROPA
FDA
GFR
GRADE
HOPE

African American Study of Kidney Disease and
Hypertension
Appropriate Blood Pressure Control in Diabetes
Ambulatory blood pressure monitoring
American College of Cardiology Foundation
Action to Control Cardiovascular Risk in Diabetes
Angiotensin-converting enzyme inhibitor
Albumin/creatinine ratio
Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified Release Controlled
Evaluation
Albumin excretion rate
Appraisal of Guidelines for Research and Evaluation
American Heart Association
Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial
Aliskiren Trial in Type 2 Diabetes Using Cardiovascular and Renal Disease Endpoints
Angiotensin-receptor blocker
Body mass index
Blood pressure
Coronary artery disease
Candesartan Antihypertensive Survival
Evaluation in Japan
Confidence interval
Chronic kidney disease
CKD Epidemiology Collaboration
Non–dialysis-dependent CKD of any stage
Non–dialysis-dependent CKD of any stage with a
kidney transplant
Dialysis-dependent CKD 5
Chronic Kidney Disease in Children
Calcineurin inhibitor
Conference on Guideline Standardization
Cyclooxygenase-2
Clinical practice guideline
Chronic Renal Insufficiency Cohort
Cardiovascular disease
Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications
Direct renin inhibitor
Pittsburgh Epidemiology of Diabetes Complications Study
Evidence review team
Effect of Strict Blood Pressure Control and ACEInhibition on Progression of Chronic Renal
Failure in Pediatric Patients
European Trial on Reduction of Cardiac Events
with Perindopril in Stable Coronary Artery Disease
Food and Drug Administration
Glomerular filtration rate
Grading of Recommendations Assessment,
Development and Evaluation
Heart Outcomes Prevention Evaluation
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HOT
HR
HYVET
ICD
IDNT
INVEST
JATOS
JNC
KDIGO
KDOQI
KEEP
MAP
MDRD
MRFIT
mTOR
NHANES
NICE
NIH
NKF
NSAID
ONTARGET
PCR
PEACE
PREVEND IT
PROGRESS
RAAS
RCT
REIN-2
RENAAL
RR
SCr
SD
SECRET
SHEP
SPRINT
Steno-2
STONE
Syst-Eur
TRANSCEND

UKPDS
VALISH
WHO

Hypertension Optimal Treatment
Hazard ratio
Hypertension in the Very Elderly Trial
International Classification of Diseases
Irbesartan Diabetic Nephropathy Trial
International Verapamil SR Trandolapril study
Japanese Trial to Assess Optimal Systolic Blood
Pressure in Elderly Hypertensive Patients
Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure
Kidney Disease: Improving Global Outcomes
Kidney Disease Outcomes Quality Initiative
Kidney Early Evaluation Program
Mean arterial pressure
Modification of Diet in Renal Disease
Multiple Risk Factor Intervention trial
Mammalian target of rapamycin
National Health and Nutrition Examination
Survey
National Institute for Health and Clinical Excellence
National Institutes of Health
National Kidney Foundation
Nonsteroidal anti-inflammatory drug
Ongoing Telmisartan Alone and in Combination
with Ramipril Global Endpoint trial
Protein/creatinine ratio
Prevention of Events with Angiotensin-Converting Enzyme Inhibitor Therapy
Prevention of Renal and Vascular Endstage
Disease Intervention Trial
Perindopril Protection Against Recurrent Stroke
Study
Renin-angiotensin-aldosterone system
Randomized controlled trial
Ramipril Efficacy in Nephropathy 2
Reduction of Endpoints in NIDDM with the
Angiotensin II Antagonist Losartan
Relative risk
Serum creatinine
Standard deviation
Study on Evaluation of Candesartan Cilexetil
after Renal Transplantation
Systolic Hypertension in the Elderly Program
Systolic Blood Pressure Intervention Trial
Intensified Multifactorial Intervention in Patients
With Type 2 Diabetes and Microalbuminuria
Shanghai Trial of Nifedipine in the Elderly
Systolic Hypertension in Europe
Telmisartan Randomized Assessment Study in
ACE Intolerant Subjects with Cardiovascular
Disease
United Kingdom Prospective Diabetes Study
Valsartan in Elderly Isolated Systolic Hypertension
World Health Organization
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Notice
Kidney International Supplements (2012) 2, 337; doi:10.1038/kisup.2012.46

SECTION I: USE OF THE CLINICAL PRACTICE GUIDELINE

This Clinical Practice Guideline document is based upon systematic literature searches last
conducted in January 2011, supplemented with additional evidence through February 2012. It is
designed to provide information and assist decision making. It is not intended to define a
standard of care, and should not be construed as one, nor should it 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 recommendations is responsible for evaluating the appropriateness of applying them
in any particular clinical situation. The recommendations for research contained within this
document are general and do not imply a specific protocol.
SECTION II: DISCLOSURE

Kidney Disease: Improving Global Outcomes (KDIGO) makes every effort to avoid any actual or
reasonably perceived 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. All members of the
Work Group are required to complete, sign, and submit a disclosure and attestation form
showing all such relationships that might be perceived or actual conflicts of interest. This
document is updated annually and information is adjusted accordingly. All reported information
is published in its entirety at the end of this document in the Work Group members’ Biographic
and Disclosure Information section, and is kept on file at the National Kidney Foundation
(NKF), Managing Agent for KDIGO.

Copyright &2012 by KDIGO. All rights reserved.
Single photocopies may be made for personal use as allowed by national copyright laws.
Special rates are available for educational institutions that wish to make photocopies for
non-profit educational use. No part of this publication may be reproduced, amended, or
transmitted in any form or by any means, electronic or mechanical, including photocopying,
recording, or any information storage and retrieval system, without explicit permission in
writing from KDIGO. Details on how to seek permission for reproduction or translation,
and further information about KDIGO’s permissions policies can be obtained by contacting
Danielle Green, KDIGO Managing Director, at danielle.green@kdigo.org
To the fullest extent of the law, neither KDIGO, Kidney International Supplements, National
Kidney Foundation (KDIGO Managing Agent) nor the authors, contributors, or editors,
assume any liability for any injury and/or damage to persons or property as a matter of
products liability, negligence or otherwise, or from any use or operation of any methods,
products, instructions, or ideas contained in the material herein.
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Foreword
Kidney International Supplements (2012) 2, 338; doi:10.1038/kisup.2012.47

It is our hope that this document will serve several useful
purposes. Our primary goal is to improve patient care. We hope
to accomplish this, in the short term, by helping clinicians
know and better understand the evidence (or lack of evidence)
that determines current practice. By providing comprehensive
evidence-based recommendations, this guideline will also help
define areas where evidence is lacking and research is needed.
Helping to define a research agenda is an often neglected, but very
important, function of clinical practice guideline development.
We used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system to rate the
quality of evidence and the strength of recommendations. In
all, there were no recommendations in this guideline for which
the overall quality of evidence was graded ‘A,’ whereas
4 (23.5%) were graded ‘B,’ 3 (17.7%) were graded ‘C,’ and
10 (58.8%) were graded ‘D.’ Although there are reasons other
than quality of evidence that underpin a grade 1 or 2 recommendation, in general, there is a correlation between the quality
of overall evidence and the strength of the recommendation.
Thus, there were 8 (47.1%) recommendations graded ‘1’ and 9
(52.9%) graded ‘2.’ There were no recommendations graded
‘1A,’ 4 (23.5%) were ‘1B,’ 2 (11.8%) were ‘1C,’ and 2 (11.8%)
were ‘1D.’ There were no recommendations graded ‘2A’ or ‘2B,’
1 (5.9%) was ‘2C,’ and 8 (47.1%) were ‘2D.’ There were
4 (19.1%) statements that were not graded.

338

Some argue that recommendations should not be made
when evidence is weak. However, clinicians still need to make
decisions in their daily practice, and they often ask, ‘What do
the experts do in this setting?’ We opted to give guidance,
rather than remain silent. These recommendations are often
rated with a low strength of recommendation and a low
quality of evidence, or were not graded. It is important for
the users of this guideline to be cognizant of this (see Notice).
In every case these recommendations are meant to be a place
for clinicians to start, not stop, their inquiries into specific
management questions pertinent to the patients they see in
daily practice.
We wish to thank Dr Gavin Becker who co-chaired the
Work Group with David Wheeler, along with all of the Work
Group members who volunteered countless hours of their
time developing this guideline. We also thank the Evidence
Review Team members and staff of the National Kidney
Foundation who made this project possible. Finally, we owe a
special debt of gratitude to the many KDIGO Board members
and individuals who volunteered time reviewing the guideline, and making very helpful suggestions.

Bertram L Kasiske, MD
KDIGO Co-Chair

David C Wheeler, MD, FRCP
KDIGO Co-Chair
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Abstract
Kidney International Supplements (2012) 2, 340; doi:10.1038/kisup.2012.49

The 2012 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guideline for
the Management of Blood Pressure in Chronic Kidney Disease aims to provide guidance on
blood pressure management and treatment for all non-dialysis-dependent CKD patients and
kidney transplant recipients. Guideline development followed an explicit process of evidence
review and appraisal. Treatment approaches are addressed in each chapter and guideline
recommendations are based on systematic reviews of relevant trials. Appraisal of the quality of
the evidence and the strength of recommendations followed the GRADE approach. Ongoing
areas of controversies and limitations of the evidence are discussed and additional suggestions
are also provided for future research.
Keywords: blood pressure; chronic kidney disease; clinical practice guideline; evidence-based
recommendation; KDIGO; systematic review

CITATION
In citing this document, the following format should be used: Kidney Disease: Improving Global
Outcomes (KDIGO) Blood Pressure Work Group. KDIGO Clinical Practice Guideline for the
Management of Blood Pressure in Chronic Kidney Disease. Kidney inter., Suppl. 2012; 2:
337–414.
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Summary of Recommendation Statements
Kidney International Supplements (2012) 2, 341–342; doi:10.1038/kisup.2012.50

Chapter 2: Lifestyle and pharmacological treatments
for lowering blood pressure in CKD ND patients
GENERAL STRATEGIES

2.1: Individualize BP targets and agents according to age, co-existent cardiovascular disease and other co-morbidities,
risk of progression of CKD, presence or absence of retinopathy (in CKD patients with diabetes) and tolerance of
treatment. (Not Graded)
2.2: Inquire about postural dizziness and check for postural hypotension regularly when treating CKD patients with
BP-lowering drugs. (Not Graded)
LIFESTYLE MODIFICATION

2.3: Encourage lifestyle modification in patients with CKD to lower BP and improve long-term cardiovascular and other
outcomes:
2.3.1: We recommend achieving or maintaining a healthy weight (BMI 20 to 25). (1D)
2.3.2: We recommend lowering salt intake to o90 mmol (o2 g) per day of sodium (corresponding to 5 g of sodium
chloride), unless contraindicated. (1C)
2.3.3: We recommend undertaking an exercise program compatible with cardiovascular health and tolerance,
aiming for at least 30 minutes 5 times per week. (1D)
2.3.4: We suggest limiting alcohol intake to no more than two standard drinks per day for men and no more than
one standard drink per day for women. (2D)

Chapter 3: Blood pressure management in
CKD ND patients without diabetes mellitus
3.1:

3.2:

3.3:

3.4:
3.5:

We recommend that non-diabetic adults with CKD ND and urine albumin excretion o30 mg per 24 hours (or
equivalent*) whose office BP is consistently 4140 mm Hg systolic or 490 mm Hg diastolic be treated with
BP-lowering drugs to maintain a BP that is consistently r140 mm Hg systolic and r90 mm Hg diastolic. (1B)
We suggest that non-diabetic adults with CKD ND and urine albumin excretion of 30 to 300 mg per 24 hours (or
equivalent*) whose office BP is consistently 4130 mm Hg systolic or 480 mm Hg diastolic be treated with
BP-lowering drugs to maintain a BP that is consistently r130 mm Hg systolic and r80 mm Hg diastolic. (2D)
We suggest that non-diabetic adults with CKD ND and urine albumin excretion 4300 mg per 24 hours (or
equivalent*) whose office BP is consistently 4130 mm Hg systolic or 480 mm Hg diastolic be treated with
BP-lowering drugs to maintain a BP that is consistently r130 mm Hg systolic and r80 mm Hg diastolic. (2C)
We suggest that an ARB or ACE-I be used in non-diabetic adults with CKD ND and urine albumin excretion of 30
to 300 mg per 24 hours (or equivalent*) in whom treatment with BP-lowering drugs is indicated. (2D)
We recommend that an ARB or ACE-I be used in non-diabetic adults with CKD ND and urine albumin excretion
4300 mg per 24 hours (or equivalent*) in whom treatment with BP-lowering drugs is indicated. (1B)

*Approximate equivalents for albumin excretion rate per 24 hours—expressed as protein excretion rate per 24 hours, albumin/creatinine ratio, protein/
creatinine ratio, and protein reagent strip results—are given in Table 1, Chapter 1.

Kidney International Supplements (2012) 2, 341–342
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summary of recommendation statements

Chapter 4: Blood pressure management in
CKD ND patients with diabetes mellitus
4.1: We recommend that adults with diabetes and CKD ND with urine albumin excretion o30 mg per 24 hours (or
equivalent*) whose office BP is consistently 4140 mm Hg systolic or 490 mm Hg diastolic be treated with BPlowering drugs to maintain a BP that is consistently r140 mm Hg systolic and r90 mm Hg diastolic. (1B)
4.2: We suggest that adults with diabetes and CKD ND with urine albumin excretion 430 mg per 24 hours (or
equivalent*) whose office BP is consistently 4130 mm Hg systolic or 480 mm Hg diastolic be treated with BPlowering drugs to maintain a BP that is consistently r130 mm Hg systolic and r80 mm Hg diastolic. (2D)
4.3: We suggest that an ARB or ACE-I be used in adults with diabetes and CKD ND with urine albumin excretion of 30
to 300 mg per 24 hours (or equivalent*). (2D)
4.4: We recommend that an ARB or ACE-I be used in adults with diabetes and CKD ND with urine albumin excretion
4300 mg per 24 hours (or equivalent*). (1B)
*Approximate equivalents for albumin excretion rate per 24 hours—expressed as protein excretion rate per 24 hours, albumin/creatinine ratio, protein/
creatinine ratio, and protein reagent strip results—are given in Table 1, Chapter 1.

Chapter 5: Blood pressure management in kidney
transplant recipients (CKD T)
5.1: We suggest that adult kidney transplant recipients whose office BP is consistently 4130 mm Hg systolic or
480 mm Hg diastolic be treated to maintain a BP that is consistently r130 mm Hg systolic and r80 mm Hg
diastolic, irrespective of the level of urine albumin excretion. (2D)
5.2: In adult kidney transplant recipients, choose a BP-lowering agent after taking into account the time after
transplantation, use of calcineurin inhibitors, presence or absence of persistent albuminuria, and other co-morbid
conditions. (Not Graded)

Chapter 6: Blood pressure management in
children with CKD ND
6.1: We recommend that in children with CKD ND, BP-lowering treatment is started when BP is consistently above the
90th percentile for age, sex, and height. (1C)
6.2: We suggest that in children with CKD ND (particularly those with proteinuria), BP is lowered to consistently
achieve systolic and diastolic readings less than or equal to the 50th percentile for age, sex, and height, unless
achieving these targets is limited by signs or symptoms of hypotension. (2D)
6.3: We suggest that an ARB or ACE-I be used in children with CKD ND in whom treatment with BP-lowering drugs is
indicated, irrespective of the level of proteinuria. (2D)

Chapter 7: Blood pressure management in elderly
persons with CKD ND
7.1: Tailor BP treatment regimens in elderly patients with CKD ND by carefully considering age, co-morbidities and
other therapies, with gradual escalation of treatment and close attention to adverse events related to BP treatment,
including electrolyte disorders, acute deterioration in kidney function, orthostatic hypotension and drug side
effects. (Not Graded)
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Chapter 1: Introduction
Kidney International Supplements (2012) 2, 343–346; doi:10.1038/kisup.2012.51

There is a strong association between chronic kidney disease
(CKD) and an elevated blood pressure (BP) whereby each
can cause or aggravate the other. BP control is fundamental
to the care of patients with CKD and is relevant at all stages
of CKD regardless of the underlying cause. Clinical practice
guidelines (CPGs) have been published on this topic by
many authoritative bodies over the past decade, the most
comprehensive being the National Kidney Foundation’s
(NKF) Kidney Disease Outcomes Quality Initiative (KDOQI)
Clinical Practice Guidelines on Hypertension and Antihypertensive Agents in Chronic Kidney Disease, which was based
on evidence collected up to 2001 (http://www.kidney.org/
professionals/KDOQI/guidelines_bp/index.htm).1 The Kidney Disease: Improving Global Outcomes (KDIGO) Board
believed that it would be clinically useful to update this CPG
to incorporate the evidence gathered since then. KDIGO
therefore commissioned an evidence review to include the
recent literature and assembled a Work Group with the
mandate of writing an updated guideline relevant to an
international audience. This KDIGO Guideline, entitled
‘‘Management of Blood Pressure in Chronic Kidney Disease,’’
is the result of these efforts.

Scope of this guideline

This Guideline has been developed to provide advice on the
management of BP in patients with non–dialysis-dependent
CKD (CKD ND) (see Reference Keys).
BP. We have avoided using the term ‘hypertension’ in
our title because this implies that there is a BP value
above or below which morbidity or mortality changes in a
stepwise fashion, hence suggesting that it is possible to set a
universal BP target. In reality, it proved difficult to define
precise targets appropriate for all CKD subpopulations,
consistent with the notion that the ‘ideal’ BP may
differ between patients, once other factors are considered.
These factors include specific features of CKD such as the
severity of albuminuria or proteinuria, the presence of
other risk factors for cardiovascular disease (CVD) and comorbidities. Another reason for our choice of terminology is
that agents introduced primarily to treat high BP may
have actions that may not be directly linked to BP-lowering
(e.g., the anti-albuminuric effects of angiotensin-converting
enzyme inhibitors [ACE-Is] and angiotensin-receptor
blockers [ARBs]).
Definition of CKD. The Work Group defined CKD
according to the standard KDOQI classification system2 as
endorsed by KDIGO.3
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Populations of interest. The populations covered in this
guideline are:
K Adults with CKD ND without diabetes mellitus
K Adults with CKD ND with diabetes mellitus
K Adults with CKD ND who have received a kidney
transplant (CKD T)
K Children with CKD ND
K Elderly with CKD ND

The scope of this guideline did not include BP management in patients with dialysis-dependent CKD 5 (CKD 5D)
since this has been the topic of a recent KDIGO consensus
conference4 and has been covered by two recent systematic
reviews.5,6 There are other groups of patients with CKD for
whom specific recommendations might be welcome, but who
are not represented in sufficient numbers in randomized
controlled trials (RCTs) to constitute a sufficiently robust
evidence base. The evidence review team (ERT) was asked to
present the evidence separately for adults with CKD and
diabetes, since these individuals constitute the single largest
subgroup of CKD patients in the world.
The separation of the evidence base according to diabetes
status meant that there were two separate datasets for the
Work Group to review. Although the two sets of recommendations had much in common, the Work Group decided that
they differed sufficiently in detail to warrant two separate
chapters. Adults who received a kidney transplant, children,
and the elderly were also thought to deserve dedicated
chapters, although the evidence base for each of these
subpopulations is rather small.
The Work Group was unable to identify sufficient
evidence to make recommendations according to severity
(stage) of CKD, although common sense dictates that
pharmacological management should differ at least between
mild CKD (patients with normal glomerular filtration rate
[GFR]) and advanced CKD (patients with low GFR).
However, the Work Group did consider the modification
of drug dosages and risks related to the various classes of
BP-lowering agents in the context of CKD in Chapter 2.
Clearly there are many other populations that could have
been considered. CKD patients with glomerulonephritis are
the subject of a recent KDIGO Guideline,7 so they were not
considered separately here. Although management of BP in the
pregnant CKD patient is an important issue, there is insufficient evidence in this subgroup to allow recommendations
to be made.8 Furthermore, the Work Group did not
consider the management of BP in patients with acute
kidney injury.
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Interventions. Interventions primarily aiming at modifying BP include advice on lifestyle and administration of
pharmacological agents that reduce BP. The efficacies of both
strategies have been widely studied in the general population
with high BP. The pharmacology of anti-hypertensive agents
was detailed in the 2004 KDOQI guideline.1
Of the available RCTs that met our inclusion criteria, most
involved agents interfering with the renin-angiotensinaldosterone system (RAAS). Accordingly, these agents may
be over-represented in this Guideline, and if so, it is because
of the availability of the evidence rather than a deliberate
focus by the Work Group.
Evidence for interventions

Because CKD is common and BP levels are often elevated
in CKD populations, the management of BP in CKD patients
could have an enormous global impact. Given that the focus
of the Guideline is on management and the comparative
effectiveness of various interventions, the preferred and
most robust evidence is derived from large-scale RCTs
which assessed hard clinical outcomes. The ERT was
asked to include RCTs with a minimum of 50 patients in
each arm and interventions included pharmacological agents
(alone or in combination), lifestyle modifications, and
trials assessing various levels of BP control. Outcomes
of interest were mortality, cardiovascular events and changes
in kidney function including urine albumin or protein
excretion.
Reduction in BP, particularly when achieved using agents
that interfere with the RAAS, can lead to acute reductions in
kidney function and albuminuria; thus the minimal duration
of follow-up in RCTs required for their inclusion in the
evidence review was set at 1 year for kidney function, cardiovascular outcomes, and mortality and 3 months for urine
albumin or protein levels. Because there were so few trials
assessing lifestyle modifications, BP reduction was included
as an outcome, with the minimum follow-up period set
at 6 weeks.
The approach to the evidence review is described in detail
in Methods for Guideline Development. The ERT conducted a
systematic review of RCTs involving individuals with CKD.
This was supplemented with published systematic reviews
and meta-analyses (which often included smaller RCTs).
Work Group members further supplemented this yield with
selected RCTs that included individuals at increased risk of
CVD but who were not specifically chosen on the basis of
having CKD. The Work Group also helped identify RCTs that
included CKD subgroups. To a lesser extent, the Work Group
made reference to observational evidence from large population studies where evidence from RCTs was perceived to be
insufficient.
Not all questions of interest have been the subject of RCTs;
some issues do not lend themselves to be studied in this
manner. To facilitate further discussion on major issues
relevant to management of BP in CKD patients (for which
there is some evidence but ongoing controversy remains), the
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Work Group included a chapter on Future Directions and
Controversies (Chapter 8). For other issues widely accepted in
practice, but not supported by evidence from RCTs, the Work
Group wrote ungraded recommendations reflecting the
consensus of its members. These ungraded statements are
explained in detail in the accompanying narrative.
The Work Group did not wish to provide advice on
specific treatment questions for which there was no
supporting evidence. By highlighting these gaps in knowledge, we aim to promote further research.
During the preparation of this Guideline, the Work Group
was aware that other international organizations were writing
new or updating old guidelines that were potentially relevant
to the management of BP in CKD patients. The Work Group
kept in contact with these other organizations and sought to
achieve consistency with their recommendations as much as
possible.
Measurement of BP

The Work Group recognized that many reviews on the
methodology of BP measurement have been published9,10 and
that this topic was covered in detail in the 2004 KDOQI
Guideline.1 Previous publications have highlighted inconsistencies between conventional office (or clinic) BP measurements and other methods, such as self-measurement of BP at
home or ambulatory blood pressure monitoring (ABPM).11–13
Many recommendations regarding when and how to use
ABPM in hypertensive patients not known to have CKD have
also been published. Although few studies have assessed the
value of ABPM CKD patients, the small, short-term studies
that do exist reflect the inconsistency between office BP
measurements and other BP measurements and also suggest
that ABPM gives a better indication of overall BP and kidney
prognosis than office BP measurements.11–13 Despite this, to
date there has only been one large RCT of BP control in CKD
patients (all of whom were children) in which ABPM was
used as the method for BP assessment.14 We therefore cannot
provide evidence-based recommendations regarding the use
of ABPM to evaluate BP in CKD patients but existing
evidence is reviewed in Chapter 8.
Since office BP measurements are used in almost all RCTs
of interventions that modify BP in CKD, this Guideline can
only make recommendations about BP assessed by this
method. Because office readings are known to vary from day
to day, management decisions should be based on repeated
measurements,15 as emphasized in this guideline by the use of
the term ‘consistently’ (e.g., Recommendation 4.1 y
maintain a BP that is consistently r140 mm Hg systolic y).
The term is used simply to imply that the BP has been
measured more than once and that there was meaningful
agreement between the measurements.
The Work Group also discussed whether to consider pulse
pressure and/or pulse wave velocity, measures of arterial
compliance that may provide important prognostic information in CKD patients. However, there is a paucity of data
from RCTs showing that any particular intervention reliably
Kidney International Supplements (2012) 2, 343–346
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alters these measures and subsequently influences mortality
or morbidity. Thus the Work Group was not able to make
any evidence-based recommendations relating to these
measurements. However, these issues are of interest for the
future of BP assessment in CKD patients and are discussed in
further detail in Chapter 8.
Albuminuria and proteinuria

Some BP-lowering agents are particular effective at reducing
albuminuria or proteinuria, suggesting that BP management
should differ depending on the amount of albumin or
protein in the urine.16–19 Accordingly, as in the KDOQI 2004
Guidelines and the majority of other CPGs addressing BP
control in patients with CKD or diabetes, the Work Group
has attempted to stratify treatment effects according to
urinary albumin excretion. Based on a recent KDIGO
Controversies Conference and data from the CKD Prognosis
Consortium, the Work Group used three categories (levels)
of albuminuria.20 Wherever possible, the Work Group
modified its recommendations to fit these categories,
although since not all RCTs use this classification system,
consistency was not achievable. The three categories of
urinary albumin excretion are as follows: 4300 mg per 24 h
(or ‘macroalbuminuria’), 30 to 300 mg per 24 h (or ‘microalbuminuria’), and o30 mg per 24 h (Table 1). When other
measures (such as assessment of proteinuria, ratios of urinary
albumin or urinary protein to urine creatinine, or protein
reagent strip readings) were used in RCTs, these measures
were translated to albumin excretion rates (AERs) per 24 h,
recognizing that these converted values are approximations at
best. Recommendations and suggestions for interventions
based on albumin levels expressed in milligrams per 24 h can
also be converted (Table 1).
BP thresholds and targets

Perhaps the most important questions for health care
professionals are first, at what BP level should BP-lowering
strategies be introduced in CKD patients (i.e., what is the BP
treatment threshold?), and second, what BP levels should be
aimed for (i.e., what is the BP treatment target?). Although
the evidence base for the BP treatment threshold differs from
the evidence base for the BP target, we could not find a
robust justification to recommend different BP levels for
these two parameters. Doing so might also lead to confusion,
since we would be recommending two different BP levels
possibly with two evidence ratings and would not be able to
provide coherent advice for managing patients between the
recommended threshold and target BPs.
Studies that have not specifically targeted CKD patients
demonstrate that BP is a continuous risk factor for CVD
outcomes.21 BP targets could differ depending on the
presence of other CVD risk factors in each patient. This
approach contrasts with the ‘one size fits all’ philosophy that
has previously been endorsed. There are far less data in CKD
patients to inform the best approach. In RCTs involving CKD
Kidney International Supplements (2012) 2, 343–346

Table 1 | Relationship among categories for albuminuria and
proteinuriaa
Categories
Normal to mildly
increased

Moderately
increased

Severely
increased

AER (mg/24 h)
PER (mg/24 h)

o30
o150

30–300
150–500

4300
4500

ACR
(mg/mmol)
(mg/g)

o3
o30

3–30
30–300

430
4300

o15
o150
Negative to trace

15–50
150–500
Trace to +

450
4500
+ or greater

Measure

PCR
(mg/mmol)
(mg/g)
Protein reagent
strip

ACR, albumin/creatinine ratio; AER, albumin excretion rate; PCR, protein/creatinine
ratio, PER, protein excretion rate.
Albuminuria and proteinuria can be measured using excretion rates in timed urine
collections, ratio of concentrations to creatinine concentration in spot urine
samples, and using reagent strips in spot urine samples. Relationships among
measurement methods within a category are not exact.
The relationships between AER and ACR and between PER and PCR are based on
the assumption that average creatinine excretion rate is approximately 1.0 g/24 h
or 10 mmol/24 h. The conversions are rounded for pragmatic reasons. (For an
exact conversion from mg/g of creatinine to mg/mmol of creatinine, multiply
by 0.113.) Creatinine excretion varies with age, sex, race and diet; therefore
the relationship among these categories is approximate only. ACR o10 mg/g
(o1 mg/mmol) is considered normal; ACR 10–29 mg/g (1.0–2.9 mg/mmol) is
considered ‘high normal.’
The relationship between urine reagent strip results and other measures depends
on urine concentration.
a
Tentatively adopted by KDIGO CKD Work Group.

patients who are randomized to different BP targets, the
achieved differences between groups are usually less than the
targeted differences. Intention-to-treat analyses allow conclusions to be drawn based on target BP levels rather than
achieved BP levels. The Work Group generally followed this
convention and based recommendations on target levels BP
levels rather than those achieved in the RCTs. It also
considered the evidence derived from RCTs in which patients
were not randomized to BP targets but achieved BPs were
reported. The logic for using target BP levels in RCTs rather
than the achieved BP levels observed as the basis for setting
guideline targets has been questioned;22 this concern is one
reason for our conservative approach to BP target setting in
this Guideline.
Outcomes

The major outcomes relevant to BP control in CKD patients
are kidney disease progression and cardiovascular events
(including stroke).
Kidney outcomes. Although it is possible for a diagnosis
of CKD to be made in an individual with a normal GFR and
AER and even a normal BP (for example on the basis of an
imaging study, as in early adult polycystic kidney disease),
most patients recruited into RCTs addressing BP and its
management in CKD have a reduced GFR or persistently
elevated albumin excretion. Entry criteria for RCTs involving
345
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CKD patients are usually based on these parameters, changes
in which may form the basis for kidney end points.
Kidney function. Changes in kidney function are important outcomes in clinical trials assessing the effects of various
BP-management regimens in CKD patients. Although the
most important events are the requirement for renal
replacement therapy or death due to kidney failure, many
studies have used surrogates such as changes in GFR or the
percentage of patients in whom the serum creatinine (SCr)
level doubles. Such numerical end points may be particularly
relevant in trials that include patients with early-stage CKD,
among whom kidney failure and death are uncommon
events. One problem with the assessment of such surrogates
is that the therapeutic agent used to modify BP may also
directly alter kidney function. For example, ACE-Is are
known to reduce GFR through a vasodilator effect on the
efferent arteriole. This effect may be beneficial in the early
stages of CKD when a reduced intra-glomerular pressure is
protective, but might be detrimental at a later stage when
kidney function is severely compromised and dialysis may be
imminent, at which time GFR may increase if ACE-Is are
withdrawn.23 Thus, a drug may modify GFR via a mechanism
that does not directly involve changes in systemic BP and the
impact of this effect on the patient may vary according to
CKD stage. The Work Group bore such considerations in
mind when assessing the evidence and viewed consistency in
the change of GFR outcomes across various CKD stages as a
strong indicator of the benefits of a particular agent on
kidney function.
Albuminuria. The level of albuminuria in CKD predicts
not only the prognosis with respect to kidney function but
also morbidity and mortality from CVD events including
stroke.16–19 Urinary albumin excretion is influenced by BP
and by many of the agents used to reduce BP, particularly
ACE-Is and ARBs.
The concept of using albuminuria as a surrogate marker
for CKD progression and CVD outcomes is widely accepted,
with the reduction of urine albumin levels often being
regarded as a target for therapy. This would mean that
treatment would be escalated to reduce albuminuria to a
preferred level, regardless of BP. Treating to an albumin target
usually involves an escalation of RAAS blockade, which can
be achieved by restricting dietary salt intake, increasing doses
of an ACE-I or an ARB, combining the two classes of
medication, or by adding a thiazide diuretic, an aldosteronereceptor blocker or a direct renin inhibitor (DRI).
While a strong case has been made for targeting a
reduction of albuminuria, particularly with agents that
interfere with the RAAS, there have been no large studies
in CKD patients reporting long term differences in GFR or
CVD outcomes where reduction in urinary albumin levels
(regardless of BP) was the primary objective. There is also
uncertainty as to whether the dose of a particular agent that
is required to achieve BP control is necessarily the same as the
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dose required for albuminuria reduction.24 The Work Group
thus decided that it was premature to recommend an
albuminuria reduction target strategy for all cases of CKD
but felt this deserved further discussion in Chapter 8.
Cardiovascular outcomes. Recognition that premature
CVD is a major cause of death in CKD has led to CVD
risk management becoming a recognized component of the
care of the CKD patient. In planning appropriate interventions, one strategy is simply to extrapolate data from CVD
outcomes trials in the general population. This approach has
been challenged because the benefits of interventions
predicted in observational studies25 are not always observed
in RCTs involving CKD patients.26,27 In CKD-ND patients,28
unlike CKD patients on dialysis (CKD 5D),29 a higher BP is
generally associated with a higher CVD risk, making BPlowering an attractive goal in an effort to reduce cardiovascular morbidity and mortality.
Although no RCTs assessing BP lowering agents have been
specifically designed or powered to assess cardiovascular
event rates as the primary outcome in any group of CKD
patients, several studies assessing cardiovascular outcomes
have included CKD patients and this information was
considered in making the recommendations.
Intended Users of this Guideline

This Guideline is primarily aimed at health care professionals
caring for individuals with CKD, including nephrologists,
nurses, and pharmacists, as well as at physicians involved in
the care of patients with diabetes and primary care providers.
The Guideline is not aimed at health care administrators,
policy makers, or regulators, although the explanatory text
might be of value to these groups and assist in enhancing
implementation and adherence to BP-lowering strategies.
The Guideline is also not designed to be used in the
development of clinical performance measures. Some of the
difficulties in implementation and in auditing BP target
achievement are discussed in Chapter 8.
DISCLAIMER

While every effort is made by the publishers, editorial board,
and ISN to see that no inaccurate or misleading data, opinion
or statement appears in this Journal, they wish to make it
clear that the data and opinions appearing in the articles and
advertisements herein are the responsibility of the contributor, copyright holder, or advertiser concerned. Accordingly,
the publishers and the ISN, the editorial board and their
respective employers, office and agents accept no liability
whatsoever for the consequences of any such inaccurate or
misleading data, opinion or statement. While every effort is
made to ensure that drug doses and other quantities are
presented accurately, readers are advised that new methods
and techniques involving drug usage, and described within
this Journal, should only be followed in conjunction with the
drug manufacturer’s own published literature.
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INTRODUCTION

This section outlines lifestyle and pharmacological methods
to reduce BP in patients with non-dialysis-dependent CKD
(CKD ND). Because these strategies were covered in detail in
the 2004 KDOQI Clinical Practice Guidelines on Hypertension
and Antihypertensive Agents in Chronic Kidney Disease (http://
www.kidney.org/professionals/KDOQI/guidelines_bp/index.
htm),1 we concentrate on issues relating to BP control in
CKD patients that have arisen since 2004. Additional
information that may be of help to the clinician (although
not specifically relevant to CKD patients) can be found in the
Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure
(JNC 7) (http://www.nhlbi.nih.gov/guidelines/hypertension/
jnc7full.pdf).9
GENERAL STRATEGIES

It is generally accepted that a stepwise combination of
lifestyle modifications and drug therapy should be used to
lower BP in CKD patients, with escalation of efforts
depending on factors such as the severity of the BP elevation,
the co-morbidities present and the age of the patient.
2.1:

Individualize BP targets and agents according to age,
co-existent cardiovascular disease and other comorbidities, risk of progression of CKD, presence
or absence of retinopathy (in CKD patients with
diabetes) and tolerance of treatment. (Not Graded)

RATIONALE

We recognize that individual decision making is required
regarding BP targets and agents with the risks and benefit
being taken into consideration; however, since there is little
evidence from RCTs to guide these decisions, this recommendation has not been graded.
The potential benefits of lower BP include a decreased risk
of both CVD and progression of CKD. To assess the likely
benefit in a given patient, the clinician needs to consider such
issues as the prior rate of CKD progression, the expected course
of the specific disease, the level of urinary albumin excretion
and the presence or absence of other risks of CVD. Potential
adverse effects generic to treatment used to lower BP include
decreases in cerebral perfusion (contributing to dizziness,
confusion and falls) and acute deterioration in kidney function.
It is widely acknowledged that achievement of a reduction
in BP can be difficult in CKD patients, particularly in the
Kidney International Supplements (2012) 2, 347–356

elderly, those with co-morbidities, and those with diabetes
mellitus.1,9,30 Increased conduit-artery stiffness, resulting in
high pulse pressure (with high systolic and low diastolic
pressures) is common in CKD patients, the elderly and
patients with diabetes.31–36 Arterial stiffening is associated
with an increased risk of CVD independent of other
recognized risk factors.37–39 With a high pulse pressure,
efforts to reduce systolic BP in older patients and those with
coronary artery disease (CAD) can result in lowering
diastolic BP to levels well below diastolic targets, which
may be associated with greater morbidity or mortality.40,41 A
J-shaped relationship between achieved BP and outcome has
been observed in the elderly and in patients with vascular
disease, possibly suggesting that BP can be reduced too far in
these patients.40,42,43 Discussion of this issue is further
elaborated in Chapters 7 and 8. Unfortunately, in CKD
patients, the available evidence proved to be insufficient to
allow the Work Group to define the lowest BP targets (see
Chapter 8).
Similarly, when considering the choice of BP-lowering
agents, decision making should be tailored to the individual
patient. For instance, ACE-Is and ARBs are potentially
harmful in the presence of significant renovascular disease or
volume depletion, or when used in combination with
nonsteroidal anti-inflammatory drugs (NSAIDs) or cyclooxygenase-2 (COX-2) inhibitors (as outlined later in this
chapter). The presence of diabetic retinopathy in a CKD
patient may also influence BP target and choice of agent as
outlined in Chapter 4.
Based on these considerations, the Work Group concluded
that it is good clinical practice to assess the risks and benefits
of BP-lowering treatment in an individual patient and to
tailor therapy accordingly.
2.2:

Inquire about postural dizziness and check for
postural hypotension regularly when treating CKD
patients with BP-lowering drugs. (Not Graded)

RATIONALE

Patients with CKD, particularly the elderly31 and diabetic
patients with autonomic neuropathy, are prone to orthostatic
hypotension,44,45 which may be exacerbated by volume
depletion. Many CKD patients will require combinations of
drugs to control BP including vasodilators, which can cause
or exacerbate postural hypotension. This can lead to postural
dizziness, reduced adherence and in extreme cases, syncope
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or falls with consequent injury. Accordingly, it is sensible to
regularly check for symptoms of postural dizziness and to
compare lying, sitting and standing BP in CKD patients,
particularly before and after altering the treatment regimen.
LIFESTYLE MODIFICATION

The impact of lifestyle-related factors on BP and the risk of
cardiovascular and other diseases have been well documented.
A number of observational studies in the general population
have linked factors such as salt intake,46 weight and body mass
index (BMI),47 exercise frequency,48 and alcohol intake49 with
BP level. RCTs addressing many of these factors have been
undertaken, the results of which have led the authors of BP
guidelines for the general population9 (e.g., JNC 7) to make
specific recommendations about the management of lifestyle as
a key component of BP management.
Individuals with CKD generally have higher9 BP levels
than people with normal kidney function and their BP may
be particularly sensitive to some factors related to lifestyle.
For example, high salt intake may potentially have a greater
impact on BP in patients with CKD than in those without
CKD since CKD may reduce the ability to excrete the salt
load in the urine. CKD patients may also be more sensitive
to harms related to lifestyle interventions; for instance, an
individual with tubular disease with salt wasting from the
kidney could be at increased risk of hypovolemia if salt
intake is restricted. Furthermore, some potential lifestyle
interventions, such as increased physical exercise, may be
difficult for patients with CKD owing to reduced energy
levels.
Lifestyle modification offers the potential to lower BP in a
simple, inexpensive, effective fashion while also improving a
range of other outcomes (e.g., changes in lipid levels
resulting from diet and exercise and liver function through
moderation of alcohol intake). Because lifestyle changes are
applicable to the general population and are potentially
implementable at low expense worldwide, the Work
Group felt many were sufficiently important to warrant an
evidence grade of level 1, with the strength of the evidence
varying in accordance to their potential to do harm in CKD
patients.
2.3:

Encourage lifestyle modification in patients with
CKD to lower BP and improve long-term cardiovascular and other outcomes:
2.3.1: We recommend achieving or maintaining a
healthy weight (BMI 20 to 25). (1D)

RATIONALE
K
K

K
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Weight reduction lowers BP in the general population.
Observational studies show that weight-loss strategies
reduce BP in CKD patients.
Weight-reduction strategies may result in other health
benefits to CKD patients including reduction in urine
albumin or protein levels, improved lipid profile and
increased insulin sensitivity.

The prevalence of obesity is very high in Western countries
and is increasing rapidly in developed and developing
countries around the world. A strong relationship exists
between body weight (usually defined as BMI) and BP levels
in the general population.50–52 Compared with a person of
normal weight, individuals who are overweight or obese tend
to have higher BP levels, abnormalities in a range of other
cardiovascular parameters (e.g., dyslipidemia52), and an
increased risk of cardiovascular events.

Weight and BP. A weight-reducing diet has been clearly
demonstrated to lower BP in overweight individuals in the
general population. A systematic review53 published in 2006
identified 14 trials assessing the effects of dietary modification
on BP in the general population, all but two of which assessed
the effects of weight reduction in overweight persons. Many of
the 14 trials also included other modifications to diet (e.g.,
increased fruit and vegetable intake and salt reduction) and
lifestyle (e.g., increased exercise). Trials were 8 to 52 weeks in
duration and mostly included participants with elevated BP
levels. The quality of the trials was generally suboptimal.
Overall, dietary modification reduced systolic BP by
6.0 mm Hg (95% confidence interval [CI] 3.4–8.6) and
diastolic BP by 4.8 mm Hg (95% CI 2.7–6.9). High levels of
heterogeneity in the trial results were observed.
The available data regarding the effects of weight loss in
CKD patients has been systematically reviewed by Navaneethan et al.54 Only two randomized trials were identified
but 11 observational studies were also included. A range of
surgical and non-surgical weight-loss interventions were
assessed. All interventions, when taken together, resulted in
significant reduction in weight among CKD patients. This
was associated with a reduction in urinary protein excretion
(described in two studies) but no overall effect on the GFR,
possibly due to the short term nature of the studies. Effects
on BP were not reported in the RCTs, whereas the
observational studies reported consistently large, significant
reductions in BP compared to baseline with both nonsurgical weight loss (weighted mean difference in BP
9.0 mm Hg; 95% CI 3.7–14.2 mm Hg; Po0.0001) as well as
surgical weight loss (weighted mean difference, 22.6 mm Hg;
95% CI 19.1–26.2; Po0.0001). Thus, weight loss likely
improves BP in patients with CKD, although high-quality
RCTs are needed to confirm this finding.
Body weight and outcomes. In the general population,
overweight and obesity have been clearly shown to be
associated with an increased risk of cardiovascular events and
death.52 A J-curve relationship has been described in many
reports, revealing an increased risk in underweight individuals
(e.g., those with a BMI o18.5) as well. RCTs have demonstrated that weight loss reduces the incidence of diabetes,55 but
any beneficial effects on cardiovascular outcomes or survival
remain to be proven. Indeed, a number of RCTs involving use
of pharmacological agents to induce weight loss have been
stopped early owing to unintended and unanticipated adverse
Kidney International Supplements (2012) 2, 347–356
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effects of the agent being assessed (e.g., rimonabant and
sibutramine).56,57
The data are less clear for patients with CKD. Obesity has
been proposed as a possible potentiator of CKD progression;
however, reliable data remain sparse. Many observational
studies have suggested that among patients with advanced
CKD who are dialysis-dependent, and particularly hemodialysis-dependent, clinical outcomes might actually be better
for overweight individuals than for non-overweight individuals.58,59 Other studies have reported conflicting results.60 It
is possible that these observations are due to reverse causality,
with the results driven by underlying malnutrition or
inflammation in the lower-weight patients and they may
also reflect differences in the proportions of muscle and fat in
patients with CKD compared with people without CKD.
These data should therefore be interpreted with caution.
For overweight individuals, the method used to reduce
body weight may be important within the context of CKD.
Popular and widely recommended weight-loss diets are
commonly high in potassium and protein and may therefore
increase risks of hyperkalemia and CKD progression in
patients with CKD. As the potential benefits and harms have
not been specifically addressed in the CKD population, the
use of these diets is not recommended.
Overall, the available data suggest that achieving or
maintaining a body weight in the healthy range will lead to
improved BP levels and better long-term CKD outcomes.
This is particularly clear for individuals with CKD stages 1–2.
Caution should be exercised in patients with more advanced
CKD, because malnutrition may be associated with adverse
outcomes. Since a high weight may be protective in CKD 5D
patients, there could be risks associated with encouraging weight loss in those with advanced CKD. Hence,
Recommendation 2.3.1 was graded 1D.
2.3.2:

We recommend lowering salt intake to o90 mmol
(o2 g) per day of sodium (corresponding to 5 g of
sodium chloride), unless contraindicated. (1C)

RATIONALE
K
K

Lowering salt intake reduces BP in the general population.
In CKD patients with reduced GFR, salt retention is
associated with an increase in BP.

A relationship between average daily salt intake and BP levels
has long been recognized, leading to calls from the World
Health Organization (WHO) for salt intake to be restricted to
improve BP levels (http://www.who.int/cardiovascular_
diseases/guidelines/Full%20text.pdf).61 Restricting salt intake
clearly lowers BP by a moderate amount, as demonstrated in
a systematic review of seven trials,53 most of which assessed
the impact of restricting salt intake to 4 to 6 g (70–100 mmol).
Overall, BP levels were reduced as compared to baseline
levels: systolic BP by 4.7 mm Hg (95% CI 2.2–7.2) and
diastolic BP by 2.5 mm Hg (95% CI 1.8–3.3). Moderate
heterogeneity was observed in the effects on systolic BP, but
Kidney International Supplements (2012) 2, 347–356

this was corrected when one outlier trial was excluded. Other
systematic reviews including a different group of trials have
suggested similar but somewhat smaller benefits.62
Alterations in salt handling are likely to be a significant
contributor to elevated BP levels in patients with CKD.
Although no large scale long term RCTs of salt restriction in
CKD patients were found, there is no reason to believe that
BP reductions should not also be observed. Reducing salt
intake could have a greater capacity to lower BP in patients
with CKD who have salt and water retention and this
intervention should be routinely discussed with such
individuals. A low-sodium diet has been shown to further
reduce BP and urine albumin or protein levels in the short
term in patients on ARBs63–66 and may be a consideration
for those with high BP who have a poor response to ACE-Is
or ARBs.
Some forms of CKD may be associated with salt wasting
from the kidney. Affected individuals may be at higher than
usual risk of volume depletion and electrolyte disturbances
potentiated by salt restriction. Volume and electrolyte status
should thus be carefully monitored in patients with CKD
undergoing salt restriction. Recent studies suggesting that low
urinary sodium excretion (hence perhaps low dietary sodium
intake) associates with higher mortality in diabetes have yet
to be confirmed by others or explained.67,68
Since salt restriction is an inexpensive and important
contributor to lowering BP in the generally population
worldwide, this intervention was deemed a level 1 recommendation. But since the evidence base for CKD patients
included only small, short-term RCTs involving special
circumstances, Recommendation 2.3.2 was graded 1C.
2.3.3:

We recommend undertaking an exercise program
compatible with cardiovascular health and tolerance, aiming for at least 30 minutes 5 times per
week. (1D)

RATIONALE

Increased physical exercise has been linked to a broad range
of positive health outcomes through a wide variety of
mechanisms. A clear inverse relationship between exercise
and average daily BP has been demonstrated by a large
volume of previous epidemiological data in the general
population, although exercise may lead to modest and acute
physiological increases in BP during the time of the activity.
The effects of exercise on BP in the context of RCTs have
been systematically reviewed in the general population.53
Most of the 21 RCTs included in the review examined the
efficacy of 3 to 5 weekly sessions of aerobic exercise lasting 30
to 60 minutes. Overall, the exercise group had an average
reduction in systolic BP of 6.1 mm Hg from baseline (95% CI
2.1–10.1) and in diastolic BP of 3.0 mm Hg (95% CI 1.1–4.9).
The effects were slightly reduced when one outlier trial was
excluded from the analysis (to average reductions of 4.6 and
2.6 mm Hg, respectively), but moderate heterogeneity among
the results remained.
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No RCTs in the CKD population were found. A post hoc
observational analysis69 of the Modification of Diet in Renal
Disease (MDRD) study population did not identify a clear
relationship between level of physical activity at baseline and
the subsequent risk of death, although trends toward better
outcomes for active individuals were observed. Two larger
studies from the US Renal Data System found that CKD 5D
patients who are sedentary have a higher risk of death than
those who are active.70,71 All of these studies are observational and more data are required.
The benefits of exercise on BP and on general health appear
likely to be similar in the CKD and the general population,
with no strong rationale for different recommendations. On
this basis, Recommendation 2.3.3 was graded 1D.
2.3.4:

We suggest limiting alcohol intake to no more than
two standard drinks per day for men and no more
than one standard drink per day for women. (2D)

increased. In the absence of specific studies demonstrating
a benefit in CKD patients, we cannot recommend potassium
supplementation to reduce BP in patients with CKD.
The evidence base for magnesium supplementation is
similar, with some but not all studies suggesting a benefit
with respect to BP.53,73 Although hypermagnesemia is not a
common problem in CKD patients, magnesium supplementation cannot be recommended without specific data
demonstrating its safety and efficacy.
Fish-oil supplementation has been shown to produce
small but significant reductions in BP in a number of RCTs
and systematic reviews.53,74 The mechanisms of these effects
remain uncertain, however and the safety of fish oil has not
been clearly demonstrated in CKD patients. Although some
data supporting the use of fish oil exists for patients with IgA
nephropathy,75 it is premature to recommend this treatment
for BP lowering in the CKD population.
BP-LOWERING AGENTS

RATIONALE

Alcohol has been shown to produce both acute and chronic
increases in BP, suggesting that restricting alcohol intake
would lower BP. In a systematic review of four trials,53
restricting alcohol intake in the general population resulted
in a 3.8 mm Hg reduction (95% CI 1.4–6.1) in systolic BP and
a 3.2 mm Hg reduction (95% CI 1.4–5.0) in diastolic BP, with
no evidence of heterogeneity among the results. No data
specific to CKD patients were found, but the effects are
expected to be similar.
Most data suggest that up to two standard drinks per day
for a man and 1 standard drink per day for a woman are likely
to be safe. The definition of a standard drink varies from 8 to
19.7 g of alcohol in different countries (see http://whqlibdoc.
who.int/hq/2000/who_msd_msb_00.4.pdf).72 10 g of alcohol
is equivalent to 30 ml of spirits, 100 ml of wine, 285 ml of fullstrength beer, and 425 ml of light beer. The benefits of alcohol
moderation on BP and on general health appear likely to be
similar in the CKD and the general population, with no
strong rationale for different recommendations. On this basis,
Recommendation 2.3.4 was graded 2D.
OTHER INTERVENTIONS
Cigarette smoking. Cigarette smoking and exposure to

environmental tobacco smoke are clearly among the most
potent modifiable risk factors for CVD in the general
population and in patients with CKD. Although it does not
have a clear, direct impact on long-term BP, the avoidance of
exposure to cigarette smoke is a critical aspect of cardiovascular risk reduction but as yet there are no RCTs in the CKD
population.
Dietary supplementation. The effects of potassium supplementation on BP have been assessed in a number of
studies.53 These have produced conflicting results, with some
but not all indicating a benefit. CKD patients often have
reduced capacity for potassium excretion, particularly as the
GFR falls, such that the risk of hyperkalemia may be
350

RCTs involving both CKD and non-CKD populations in which
a target BP has been set at the levels recommended in this
Guideline clearly show that most patients will require two or
more antihypertensive agents to achieve these targets. Surveys
of BP control in CKD patients indicate that three or more
agents are frequently needed. With the exception of ARBs or
ACE-Is in CKD patients with high levels of urinary albumin or
protein excretion, there is no strong evidence to support the
preferential use of any particular agent(s) in controlling BP in
CKD; nor are there data to guide the clinician in the choice of
second- and third-line medications. Since the 2004 KDOQI
Guideline1 was published, there has been an increasing trend
towards tailoring antihypertensive therapy to the individual
patient, taking into account issues such as the presence or
absence of high urine albumin excretion, co-morbidities,
concomitant medications, adverse effects, and availability of
the agents. Ultimately, the choice of agents is less important
than the actual reduction in BP achieved, since BP reduction is
the major measurable outcome in the individual patient.
Other information of value in deciding on the optimal BP
lowering regimen include data on drug half-life and dose
adjustments in CKD stage 5D, which may be of help in guiding
the use of BP lowering drugs in advanced CKD ND.4,76
The optimal timing of administration of medication has
not been studied in CKD patients. CKD patients who do not
have the normal decrease in BP during sleep (non-dippers
and reverse dippers) have worse cardiovascular and kidney
outcomes when compared to dippers.11,12,77–79 Whether the
recently reported strategy of evening dosing to produce
nocturnal dipping will improve outcomes in CKD patients,
as has been described in individuals with essential hypertension, remains to be established.80–82
The ERT was not asked to search for evidence of
the effectiveness of established anti-hypertensive agents in
lowering BP in patients with CKD, since it is generally
believed that all such drugs are effective, although the
sensitivity in individual patients may vary, as may be the side
Kidney International Supplements (2012) 2, 347–356
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effects. Instead, the ERT focused on two issues. Firstly,
studies that compared different BP targets were identified. In
these studies, only the BP targets were randomized; the
protocols varied with respect to the sequence of drugs and
escalation of dose. Secondly the ERT searched for studies
that included a comparison of different combinations of
anti-hypertensive agents. In these studies, only the choice of
first-line drug was randomized, with study protocols varying
with respect to drug dose, use of concomitant agents and BP
thresholds for drug titration (Table 5, see Methods for
Guideline Development).
The KDOQI Clinical Practice Guidelines on Hypertension
and Antihypertensive Agents in Chronic Kidney Disease (http://
www.kidney.org/professionals/KDOQI/guidelines_bp/index.
htm)1 contains details of clinical pharmacology and practical
guidance on the use of the various agents to lower BP in CKD
patients. Information on CKD- and CVD-related indications,
side effects, dosages and contraindications relevant to all
commonly used anti-hypertensive agents as well as strategies
to improve adherence and warnings regarding the hazards of
certain combinations are also noted therein. The Work
Group believed that there was insufficient new evidence to
warrant rewriting the clear guidance provided in the KDOQI
Guideline. However, at the request of the KDIGO Board, the
Work Group summarize specific aspects of the use of
antihypertensive agents in CKD patients. We outline the
information that can be drawn from the known pharmacology of agents or observations in non-CKD patients,
emphasizing the difficulty in extrapolating to CKD patients,
especially those with advanced CKD.
Given that the prescribed drug regimen commonly
involves many medications, it is reasonable to use strategies
that might maximize the likelihood of adherence, including
the use of cheaper drugs, convenient frequency of dosing
and reduction in pill numbers. This can be achieved by
prescribing once-daily medication and combination pills
(which are simpler to take and in some circumstances may be
less expensive than the individual agents) when possible.83
Renin–angiotensin–aldosterone system blockers

Because of its pivotal role in regulation of BP, the RAAS
system is an obvious target for BP-lowering medications.
Although other agents, particularly beta-blockers, interfere
with the RAAS pathway, the main RAAS inhibitors are
ACE-Is, ARBs, aldosterone antagonists, and DRIs.
ACE-Is and ARBs. ACE-Is block the conversion of angiotensin I to angiotensin II and the degradation of bradykinin. It
seems likely that the accumulation of bradykinin leads to
persistent dry cough, a recognized side effect which occurs in
5 to 20% of patients on ACE-Is. Angioneurotic edema can
occur with both ACE-Is and ARBs, although the relative
frequencies and the mechanism are not clear. ARBs act by
competitively antagonizing the interaction between angiotensin II and angiotensin receptors and were first introduced as
an alternative to ACE-Is in patients who had an ACE-I
induced cough.
Kidney International Supplements (2012) 2, 347–356

ACE-Is and ARBs are valuable BP-reducing agents in
CKD patients, are indicated if urinary albumin excretion
is elevated and are safe to combine with most other
BP-reducing agents. Clinically significant hyperkalemia
and reductions in GFR can occur in patients receiving
ACE-Is or ARBs, particularly in those who have renal-artery
stenosis or reduced intravascular volume, or when these
agents are used together with NSAIDs, COX-2 inhibitors,
or potassium-sparing diuretics. The use of these drugs in
women of child-bearing age should be balanced with the risk
of pregnancy since they are potentially teratogenic (see
Chapter 6).84,85
The sequential marketing of ACE-Is first (captopril in
1977) and ARBs later (losartan in 1995) has influenced the
design of RCTs involving these drug classes. The first largescale RCT of RAAS blockade in diabetes involved patients
with type 1 disease given captopril. By the time ARBs were
introduced, the benefits of ACE-Is (in CKD patients with
type 1 diabetes) were well established. Thus RCTs involving
ARBs generally targeted individuals with type 2 diabetes. This
has led to some bias in the evidence base underpinning
recommendations for using ACE-Is or ARBs in the treatment
of BP. There is no substantive evidence to suggest that ACE-Is
and ARBs differ in their ability to reduce BP in patients with
essential hypertension.86 In most health care settings, ACE-Is
are less expensive than ARBs, which may influence the choice
between an ACE-I or ARB.
The most prominent BP-related effects of the blockade of
angiotensin II by ACE-Is or ARBs are as follows:
K Generalized arterial vasodilatation, resulting in lower BP.
K Vasodilatation of the efferent and afferent glomerular
arterioles, particularly the efferent, resulting in decreased
intra-glomerular pressure and hence reduction in both
GFR and urine albumin excretion. This is believed to
result in some degree of long-term renoprotection, at
least in patients with albuminuria.87 On initiation of
therapy a reversible reduction in GFR of up to 30%
(accordingly a 30% increase in SCr concentration) has
been regarded as reasonably attributable to this physiological mechanism. Greater reductions may indicate
underlying renal artery stenosis.1,88 It has been suggested
that in advanced CKD, cessation of RAAS blockade may
allow an increase in GFR of sufficient magnitude to delay
end-stage kidney failure.23 This concept is further
discussed in Chapter 8.
K Reduction in adrenal secretion of aldosterone. In about
50% of subjects prescribed ACE-Is or ARBs, aldosterone
production is restored to at least pre-treatment levels over
a period of months (a phenomenon termed aldosterone
breakthrough).89 This may explain the efficacy of
aldosterone antagonists in patients already taking an
ACE-I or ARB.
ACE-Is and ARBs may have other effects, including
inhibition of fibrosis and enhancement of vascular and
cardiac remodelling. Discussion of these effects, which may
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be of relevance to renoprotection, is beyond the scope of this
Guideline.
Dose considerations in CKD patients. Most available
ACE-Is have active moieties that are largely excreted in the
urine. Fosinopril and trandolapril are partially (in general,
approximately 50%) excreted by the liver, such that the blood
levels are less influenced by kidney failure than levels of other
ACE-Is which are predominantly excreted by the kidneys.
Since ACE-Is are generally titrated to achieve optimal clinical
effect, the mode of excretion is not regarded as a major factor
in dosing.76 If hyperkalemia occurs in CKD patients taking a
renal excreted ACE-I, possible interventions include dietary
advice, reducing the dose, switching to fosinopril or
trandolapril, or adding a potassium-losing diuretic.
All ARBs are substantially excreted by the liver, with the
proportion of drug elimination ranging from 40% (in the
case of candesartan) to 495% (in the case of irbesartan and
telmisartan). As with ACE-Is, the dose in ARBs is usually
adjusted according to clinical effect rather than kidney
function.76
ACE-Is and ARBs should be used with caution or even
avoided in certain CKD subgroups, particularly in
patients with bilateral renal-artery stenosis or with intravascular fluid depletion, because of the risk of a large reduction
in GFR. The normal capacity of the kidney to auto-regulate
GFR in the face of fluctuations in BP is impaired in CKD
and further compromised by the use of ACE-Is or ARBs.
Hypotension (e.g., as a result of hypovolemia or sepsis) may
cause an acute decline in GFR in patients with CKD taking
ACE-Is or ARBs.90 Several case series have reported a high
risk of acute kidney injury in diabetic patients on an ACE-I
or ARB during sepsis91–93 and when they are used in
combination with NSAIDs94 or diuretics.95 Reducing the
dose or holding off on using ACE-Is or ARBs until recovery is
sensible in patients who develop inter-current illnesses
that lead to dehydration as a result of diarrhea, vomiting,
or high fever.
Indications for ACE-Is and ARBs. In this guideline,
ACE-Is and ARBs are recommended for specific groups of
CKD patients with increased urinary albumin excretion in
which context use of these agents may be associated with
better kidney96 and cardiovascular outcomes.97 In non-CKD
patients, these drugs are indicated for the treatment of heart
failure and for use soon after myocardial infarction, stroke,
and in patients with high cardiovascular risk.98–100
The Oregon Health Resources Commission reported in
2005 on the use of ACE-Is in essential hypertension. No
differences were found among various ACE-Is in terms of the
BP-lowering effect and serious complications which were
independent of gender, age, or African-American heritage.99
In 2006, the Commission reviewed the evidence for the use of
ARBs.100 It reported that there were no data to suggest that
any particular ARB was superior to another in the context of a
variety of clinical scenarios, including essential hypertension
and high cardiovascular risk; nor was there evidence of any
ARB being associated with a higher risk of serious complica352

tions or differences in efficacy or side effects regardless of age,
race, or gender. In reviewing studies specifically involving
patients with CKD, no important differences in the effect of
ARBs on BP or side effects were found.
Accordingly, ACE-Is or ARBs might be considered for use
in patients with CKD who have heart failure, recent
myocardial infarction, a history of stroke, or a high
cardiovascular risk. However, it is not possible to make any
recommendations for CKD patients in particular, since the
data are largely from studies of non-CKD patients. In
addition, because CKD patients are at higher risk of side
effects, particularly hyperkalemia and reduction in GFR, the
use of ACE-Is or ARBs may not have the same risk-to-benefit
ratio in CKD patients as in non-CKD populations.
Drug combinations. The antihypertensive and antialbuminuric effects of ACE-Is and ARBs are complemented
by dietary sodium restriction or administration of diuretics.63,65,66 ACE-Is and ARBs are therefore valuable adjuncts
to diuretics for the treatment of high BP and vice versa. Coadministration of beta-blockers and calcium-channel blockers with ACE-Is or ARBs is also acceptable. One recent post
hoc analysis of a large trial involving hypertensive individuals
demonstrated that a combination of an ACE-I (benazepril)
and calcium antagonist (amlodipine) was superior to the
same ACE-I used with a diuretic (hydrochlorothiazide) in
slowing CKD progression.101
Patients given NSAIDs, COX-2 antagonists or potassiumsparing diuretics can develop hyperkalemia if these drugs are
used in combination with ACE-Is or ARBs. The combination
of ACE-Is and/or ARBs with aldosterone-blocking antagonists is an area of current controversy that is covered in more
detail below and in Chapter 8.
Aldosterone antagonists. The aldosterone antagonist spirolactone has been in use as a BP-lowering agent since the late
1950s. Prescribed as a diuretic in the treatment of edema and
resistant hypertension, it fell into disuse with the advent of
more powerful diuretics and antihypertensives. With the high
doses initially used (up to 300 mg/day), spironolactone use
was associated with side effects, particularly those due to its
estrogen-like activity (gynecomastia and menstrual disturbances). Recognition that BP-lowering could be achieved
with much lower doses of spironolactone (12.5–50 mg/day)
has led to renewed interest in aldosterone antagonists over
the past decade.102–105 As a result, eplerenone, a mineralocorticoid-receptor blocker without estrogen-like effects,
has been developed. In CKD, the major emphasis has been on
using aldosterone antagonists to reduce urine albumin levels
and as an adjunct to other antihypertensive agents in treating
resistant hypertension. Aldosterone antagonists are of proven
benefit in non-CKD patients with heart failure, including
heart failure after myocardial infarction. Because of the risk
of hyperkalemia and reduction in GFR, they should be used
with caution in CKD patients.
Dose considerations in CKD patients. Impaired renal
excretion of native drug or active metabolites of spironolactone and eplerenone and an increased risk of hyperkalemia
Kidney International Supplements (2012) 2, 347–356
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may limit their use in patients with CKD. Plasma potassium
levels and kidney function should be monitored closely
during the introduction of aldosterone antagonists and
during intercurrent illnesses, particularly those associated
with a risk of GFR reduction, as occurs with dehydration.
Indications for aldosterone antagonists. In patients
without CKD, aldosterone antagonists are recommended
for the treatment of severe cardiac failure that is resistant to
other therapies and for use after acute myocardial infarction
complicated by cardiac failure. These agents also have a place
in the management of essential hypertension that is resistant
to other therapies. It is unclear whether this information can
be extrapolated to CKD patients, particularly those with
advanced CKD in whom the risks associated with the use of
aldosterone antagonists, particularly of hyperkalemia, may be
increased.
In patients with CKD, aldosterone antagonists have been
shown to decrease urine albumin excretion when added to
ACE-I or ARB therapy. In the largest relevant RCT available
involving CKD patients with elevated urine albumin levels
and type 2 diabetes, 177 patients received eplerenone (either
50 or 100 mg daily) and 91 patients received placebo.106 The
addition of eplerenone to enalapril (20 mg/day) resulted in a
reduction in AERs of 40 to 50% by 12 weeks in the
eplerenone groups, but by o10% in the placebo group. The
greater reduction in AER in the CKD patients receiving an
aldosterone antagonist in addition to an ACE-I or ARB is
consistent with the findings of many smaller trials.103,107,108
Small reductions in GFR and systolic BP have also been
reported. Hyperkalemia is a risk, but may have been
mitigated by the concurrent use of a thiazide diuretic
according to the smaller studies. Thiazide diuretics, however,
were not used in the larger RCT cited above and the risk of
hyperkalemia was similar among participants receiving
enalapril alone and those receiving the combination of
eplerenone and enalapril in that trial.106 It is premature to
draw a definite conclusion as to whether aldosterone
antagonists—through their anti-albuminuric, anti-hypertensive, or anti-fibrotic effects—reduce the rate of decline in
kidney function in the long term. This is an area for future
research.109,110
Drug combinations. Aldosterone antagonists are potassium-sparing diuretics and thus may be combined with
thiazide or loop diuretics that enhance potassium loss in the
urine. Great care should be exercised when aldosterone
antagonists are combined with ACE-Is, ARBs, or other
potassium-sparing diuretics. There is little information regarding the combination of aldosterone antagonists with NSAIDs
or COX-2 inhibitors, but as with ACE-Is and ARBs, caution is
warranted. Both spironolactone and eplerenone interact with
cytochrome P-450, but definitive information regarding any
effect on calcineurin inhibitors (CNIs) is not available. Caution
is also advised when aldosterone antagonists are combined with
other cytochrome P-450–metabolized agents such as verapamil.
Direct renin inhibitors. The first clinically available
DRI, aliskiren, was approved by the US Food and Drug
Kidney International Supplements (2012) 2, 347–356

Administration (FDA) in 2007. It binds to renin, preventing
the conversion of angiotensin I to angiotensin II. Data
relevant to DRIs were not available at the time of publication
of the KDOQI Clinical Practice Guidelines on Hypertension
and Antihypertensives Agents in Chronic Kidney Disease in
2004.1
Dose considerations in CKD patients. The usual dose of
aliskiren is 150 to 300 mg given once daily. The dose is not
modified according to kidney function. It has been reported
that cyclosporine administration increases the half-life of
aliskiren in healthy subjects.111
Indications for DRIs. Although approved by the US FDA
only for the treatment of hypertension, it is uncertain
whether the indications for DRIs will eventually be similar to
those of ACE-Is and ARBs.
There has been one large study of aliskiren in CKD
patients, in which the drug was used in combination with the
ARB losartan in patients who also had type 2 diabetes with
nephropathy.112 A total of 599 patients were randomized to
losartan, 100 mg daily, either alone (control group) or plus
aliskiren—150 mg daily for 3 months and then 300 mg daily
for 3 months. The addition of the 300 mg dose of aliskiren
reduced the urinary albumin/creatinine ratio (ACR) by 20%
as compared with the use of losartan alone. There were only
small differences in BP between the two groups, and no
differences between the rates of adverse or serious adverse
events. Given the limited data available, the place of DRIs in
the management of BP in CKD has yet to be determined.
Indeed another trial involving the use of DRI combined with
losartan in patients with diabetes and CKD has recently been
terminated early due to an increased risk of adverse events
and no evidence of benefit in the combination therapy group.
Early termination of the Aliskiren Trial in Type 2 Diabetes
Using Cardiovascular and Renal Disease Endpoints (ALTITUDE) trial casts doubt on the future use of DRIs in
combination with ACE-Is or ARBs,113 and very recently the
US FDA has counselled against this combination.114
Diuretics

Salt and water retention are major factors contributing to
high BP in CKD patients and to morbidity and mortality
through systemic or pulmonary edema. Thus, diuretics
potentially have an important role in the control of
hypertension in this clinical setting. The pharmacology of
diuretics and indications for their use have recently been
reviewed.115 Given that most CKD patients will require
multiple drugs to control elevated BP, thiazides have a role,
especially since their only major drawback is a propensity to
induce or aggravate hyperglycemia and other features of the
metabolic syndrome.116
Thiazides. Of the currently available antihypertensive
agents, thiazides and thiazide-like diuretics are most often
used and have been assessed in many RCTs involving CKD
patients, either as the primary investigational agent or as an
add-on therapy. Their side-effect profile is well known and
their pharmacology has recently been extensively reviewed,115
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as has their role in treating hypertension.115,117,118 Although
salt and water excretion may initially account for their
antihypertensive effect, why they lower BP over the long term
is less well understood and may involve direct or indirect
vasodilator actions.115,119 The metabolic side effects (hyperglycemia, hyperuricemia, visceral adiposity) are also not
completely understood119 but should be considered in
patients at risk of metabolic syndrome.
There are 2 broad groups of thiazide-type diuretics:
thiazides whose names end in ‘thiazide,’ and thiazide-like
agents such as chlorthalidone and indapamide. In recent
years, the thiazide diuretics have been used in low doses in
treatment of hypertension (hydrochlororthizide 12.5 to
25 mg, bendroflumethiazide 2.5 mg daily). The valid comparison is thus of low dose thiazide versus thiazide-like diuretic.
These regimens have been compared in the recent UK
National Institute for Health and Clinical Excellence (NICE)
guidelines on primary hypertension.117 There was limited
evidence of any differences in BP control, clinical outcomes
or cost-effectiveness. NICE recommended that in newly
treated primary hypertensives, the thiazide-like diuretics were
preferable to the thiazides, based on the larger volume of
evidence for efficacy. The relevance of these observations to
CKD patients is unclear.
Dose considerations in CKD patients. Although thiazides
are excreted by the kidney, no dose adjustment is recommended in patients with reduced GFR. As the GFR falls below
about 30–50 ml/min/1.73 m2, the ability of thiazides to overcome fluid retention is diminished, although their antihypertensive benefit may be preserved, at least according to small,
short-term studies in humans.120 Most clinicians switch to a
loop diuretic in patients with CKD 4, particularly if the BP is
becoming resistant to therapy or edema becomes a problem.
Drug combinations. Thiazides are often one of the first
2 or 3 drugs used for BP lowering in CKD, particularly if
there is edema or if ACE-Is or ARBs have already been
prescribed. Thiazides are known to potentiate the effect of
other antihypertensive agents, particularly ACE-Is and
ARBs63,66 and may also reduce the risk of hyperkalemia.
The inclusion of thiazides in fixed-dose combinations with
other antihypertensives is convenient for patients and may
improve compliance.83
Loop diuretics. Furosemide (also called frusemide), bumetanide, torsemide and ethacrynic acid are the most
commonly used loop diuretics, with wide dose ranges and
differing pharmacodynamics. In primary hypertension they
are effective in the short term121 but less so than thiazides in
the long term.115 Loop diuretics are particularly useful when
treating edema and high BP in CKD 4–5 patients in addition
or as an alternative to thiazide diuretics.
Potassium-sparing diuretics. Triamterene and amiloride
are usually avoided in patients with CKD because of the risk
of hyperkalemia. They are less effective in reducing extracellular fluid volume than thiazides or loop diuretics.
Aldosterone antagonists such as spironolactone and eplerenone are discussed separately, above.
354

Beta-blockers

Beta-blockers are one of the most extensively investigated
class of agents, having been used to treat hypertension and
CVD for over 40 years. Although all beta-blockers are
effective at reducing BP, other issues may influence whether
they are appropriate in a given patient and which specific
drug is chosen, since beta-blockers vary widely in their
pharmacology.122–124 Specific attention should be paid to
beta-blocker accumulation in patients with advanced CKD
and to ensuring that the beta-blocker usage is appropriate in
targeting a patient’s co-morbidities.
Dose considerations in CKD patients. In patients with
CKD, the accumulation of beta-blockers or active metabolites
could exacerbate concentration-dependent side effects such
as bradycardic arrhythmias.123 Such accumulation occurs
with atenolol and bisoprolol, but not carvedilol, propranolol,
or metoprolol.123
Indications for beta-blockers. A consensus report based
on evidence reviewed by the Pharmaceutical Subcommittee
of the Oregon Health Resources Commission in 2008
gave an update of the indications for use of beta-blockers
in non-CKD patients.125 The subcommittee concluded
that although no particular beta-blocker had been shown
to be more effective in reducing BP or alleviating angina than
another, in cases of mild-to-moderate heart failure, bisoprolol, carvedilol, and metoprolol succinate reduced mortality and in cases of severe heart failure, carvedilol and
metoprolol succinate reduced mortality. After a recent
myocardial infarction, acebutolol, carvedilol, metoprolol
tartrate, propranolol and timolol all reduced mortality. A
recent systematic review and meta-analysis of beta-blockers
in CKD126 endorsed the use of beta-blockers in CKD patients
with heart failure but did not provide any definitive
specific advice on the their efficacy in preventing mortality,
cardiovascular outcomes or renal disease progression in CKD
patients without heart failure.
Drug combinations. Beta-blockers have often been
combined with diuretics in RCTs and clinical practice.124,127
There are no theoretical reasons why beta-blockers should
not be combined with ACE-Is or ARBs.128 The combination
of atenolol or bisoprolol (which accumulate in CKD
patients) with bradycardia-inducing drugs such as nondihydropyridine calcium-channel blockers is not recommended. The combination of lipophilic beta-blockers (which
cross the blood–brain barrier) with other centrally acting
drugs such as clonidine may lead to drowsiness or confusion,
particularly in the elderly. Again, the relevance of these data
to patients with CKD remains uncertain.
Calcium-channel blockers

Calcium-channel blockers are valuable BP-lowering agents
in CKD patients, but this class of drugs is very heterogeneous in several respects and the choice of the type of
agent used should take into account these differences as well
as co-morbidities and other medications the patient is
taking.
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The major subclasses are the dihydropyridines (e.g.,
amlodipine, nifedipine and lercanidipine), the non-dihydropyridine benzothiazepines (e.g., diltiazem) and the phenylalkylamines (e.g., verapamil).129 Dihydropyridines tend to be
more selective for vascular smooth muscle (vasodilatation)
with less action on the myocardium. Accordingly, the side
effects may include fluid retention and ankle edema, which
can be problematic in patients with CKD. Dizziness, headache and redness in the face are also common side effects.
Non-dihydropyridines have direct effects on the myocardium, including the sinoatrial and atrioventricular nodes and
reduce the heart rate and cardiac-muscle contraction.
Calcium-channel blockers also vary in their effects on
glomerular arterioles, reflecting differential blockage of Tchannel receptors (on the afferent and efferent arteriole)
versus L-channel receptors (predominantly on the afferent
arteriole). T-channel blockade leads to a reduction in intraglomerular pressure, and accordingly a fall in urine albumin
levels, while an increase in the urine albumin level can occur
with blockade of L-channel receptors. In general, dihydropyridine calcium-channel blockers act on L-channel receptors, hence have the effect of increasing urine albumin
excretion, whereas non-dihydropyridines tend not be associated with this side effect.130 Later generation dihydropyridines (e.g., manipine, cilnidipine) are less prone to
increasing albumin excretion and may even reduce it.
Dose considerations in CKD patients. Most calciumchannel blockers do not accumulate in patients with
impaired kidney function, with the exception of nicardipine
and nimodipine. Accumulation of these agents may also be
due to reduced blood flow to the liver in the elderly.129
Caution is thus advised when using these two agents in
elderly patients with CKD.
Indications for calcium-channel blockers. Calcium-channel blockers are widely used in the treatment of hypertension,
angina, and supra-ventricular tachycardia. The Oregon
Health Resources Commission report on calcium-channel
blockers in 2005 concluded that there was no clear evidence
to differentiate the antihypertensive effects of one calciumchannel blocker from another (inadequate evidence for
felodipine).131 Whether these observations can be translated
to the CKD population is uncertain.
It is wise to avoid dihydropyridine calcium channel
blockers in CKD patients with already increased urinary
albumin excretion, particularly if there is not concomitant
use of an ACE-I or ARB.132
Drug combinations. Fluid retention, seen particularly
with dihydropyridines, can be problematic in patients with
CKD, such that avoiding other vasodilators may be sensible.
The combination of non-dihydropyridines such as verapamil
and diltiazem with beta-blockers can lead to severe
bradycardia, particularly in patients with advanced CKD if
drugs such as atenolol and bisoprolol, (that accumulate in
CKD) are used.
Calcium-channel blockers, particularly non-dihydropyridines, interfere with the metabolism and excretion of the
Kidney International Supplements (2012) 2, 347–356

Table 2 | Selected calcium-channel blockers

Amlodipine
Diltiazem
Felodipine
Isradipine
Lercanidipine
Nicardipine
Nifedipine
Nimodipine
Nisoldipine
Verapamil

Class

Accumulate in
renal failure

Increase
CNI levels

Increase
sirolimus levels

D
B
D
D
D
D
D
—
D
P

N
N
N
N
N
Y
N
Y
N
N

Y
Y
—
—
—
Y
N
—
—
Y

—
Y
—
—
—
Y
—
—
—
Y

B, non-dihydropyridine benzothiazepine; CNI, calcineurin inhibitor; D, Dihydropyridine; N, No; P, phenylalkylamine; Y, Yes; —, no data.

CNIs, cyclosporine and tacrolimus, as well as the mammalian
target of rapamycin (mTOR) inhibitors, sirolimus and
everolimus76 (Table 2). This is relevant to the treatment of
high BP in kidney-transplant recipients, but also in patients
with immune-mediated CKD requiring immunosuppression.
When such patients are prescribed non-dihydropyridine
calcium-channel blockers, careful monitoring of CNIs and
mTOR inhibitors blood levels is required if drugs or dosages
are changed. Some clinicians use non-dihydropyridine
calcium-channel blockers to increase CNI or mTOR inhibitor
blood levels and thus reduce cost, particularly in kidneytransplant patients.
Centrally acting alpha-adrenergic agonists

Centrally acting alpha-agonists cause vasodilatation by
reducing sympathetic outflow from the brain.133,134 The main
agents in use are methyldopa, clonidine, and moxonidine.
Moxonidine was not widely available in 2004 and thus was
not reviewed for the KDOQI Clinical Practice Guidelines on
Hypertension and Antihypertensives Agents in Chronic Kidney
Disease.1 The use of this drug in essential hypertension was
extensively reviewed by Fenton at al. in 2006.133 Dosing of
centrally acting alpha-antagonists is limited by side effects, but
since they interact minimally with other antihypertensives or
immunosuppressants, they are valuable as adjunct therapy for
resistant hypertension in CKD patients.
Dose considerations in CKD patients. Doses of methyldopa or clonidine are not generally reduced in patients with
impaired kidney function. Moxonidine is extensively excreted
by the kidney and accordingly it has been recommended that
the dosage (usually 200 to 400 mg daily) should be reduced in
the presence of a low GFR.134 On the other hand, an RCT of
moxonidine, 300 mg daily, or the calcium-channel blocker
nitrendipine, 20 mg daily, added to an ACE-I or ARB plus
loop diuretic in 177 hypertensive CKD patients (GFR by the
Cockcroft–Gault equation, o30 ml/min/1.73 m2) indicated
that adverse events occurred in similar proportions of
patients treated with moxonidine (50 of 89 [56.2%]) and
nitrendipine (46 of 82, [56.1%]), as did those adverse events
possibly due to the study drug (moxonidine 28%, nitrendipine 32%), suggesting that although side effects are common,
moxonidine can be used in advanced CKD.135 Common
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severe adverse events associated with moxonidine in this RCT
were gastrointestinal symptoms, dizziness, headache and
tiredness; all of which occurred in between 10 to 15% of the
patients receiving moxonidine.
Indications for centrally acting alpha-agonists. Since
alpha-agonists do not interact with other commonly used
antihypertensive agents, they are valuable as adjunctive
therapy for high BP in CKD patients already taking other
antihypertensive medications. Because of the side-effect
profile, however, caution is advised when using alphaagonists in the elderly, in patients with advanced CKD and
in those taking sedating drugs.
In one large study of non-CKD patients with advanced
heart failure, high-dose moxonidine use was associated with
increased mortality.136 How this relates to patients with CKD
is unclear. Avoidance is probably wise if overt heart failure is
present. Since clonidine can slow pulse rate, this drug should
be avoided if bradycardia or heart block is present.
Drug combinations. Combination of alpha-agonists with
thiazides is probably advantageous to reduce vasodilatationinduced fluid retention. Combination with other antihypertensive drugs is usually trouble-free, but caution is advised if the
agents have similar side effects. Interactions are not common
between alpha-agonists and CNIs or mTOR inhibitors.

There have been no important changes to our understanding
of these drugs since the publication of the KDOQI Clinical
Practice Guidelines on Hypertension and Antihypertensives
Agents in Chronic Kidney Disease in 2004.1
Dose considerations in CKD patients. Hydralazine and
minoxidil do not require dose adjustment in patients with
impaired kidney function.4
Indications for direct vasodilators. Hydralazine has little
value in the management of chronically elevated BP in CKD,
although it is sometimes used as a parenteral hypotensive
agent. Minoxidil is generally used in patients with very
resistant hypertension and thus may be helpful in patients
with CKD. However, its side effects (e.g., severe fluid
retention, headache, tachycardia, hirsutism, and pericardial
effusion) limit its use to the most resistant cases.
Drug combinations. Because of the side effects of fluid
retention and tachycardia, direct vasodilators (especially
minoxidil) are usually combined with a beta-blocker and
loop diuretic.
RESEARCH RECOMMENDATIONS
K

Alpha-blockers

Alpha-adrenergic blockers selectively act to reduce BP by
causing peripheral vasodilatation. Prazosin, doxazosin, and
terazosin are the alpha-blockers most commonly used in
treatment of hypertension. Alpha-blockers are an adjunctive
treatment for elevated BP in CKD patients in whom ACE-Is,
ARBs, diuretics, calcium-channel blockers, and beta-blockers
have failed or are not tolerated. Alpha-blockers may also be
advantageous if symptoms of prostatic hypertrophy are present.
Dose considerations in CKD patients. Alpha-blockers do
not require dose modification in cases of kidney failure, since
they are excreted via the liver.4
Indications for alpha-blockers. Alpha-blockers reduce the
symptoms of benign prostatic hyperplasia, which may be a
co-morbidity to consider in older men with CKD. In general,
alpha-blockers are not considered a first-line choice because
of the common side effects of postural hypotension,
tachycardia and headache. They should be commenced at a
low dosage to avoid a first-dose hypotensive reaction.
Drug combinations. There are few data available about
alpha-blocker combinations with other BP lowering drugs.
Vasodilatation can lead to peripheral edema, so diuretics are
commonly combined with alpha-blockers, although the
efficacy of this maneuver has not been studied. Alternatively,
a non-selective beta-blocker can be used.
Direct vasodilators

Hydralazine and minoxidil both act by directly causing
vascular smooth-muscle relaxation and hence vasodilatation.

356

K

K

Salt restriction appears to be a very promising method of
reducing BP and the risk of progressive kidney disease
and cardiovascular events. Therefore, large scale RCTs
assessing the impact of this intervention on these patientlevel outcomes are required. Patients with CKD should be
included in these trials, given the potential for differences
in the risks and benefits of reduced salt intake in these
individuals.
RCTs should be undertaken to evaluate the benefit of
weight loss at different stages of CKD.
RCTs should be undertaken in CKD with and without
elevated albumin excretion levels comparing various
combinations of RAAS blocking drugs.
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Chapter 3: Blood pressure management in
CKD ND patients without diabetes mellitus
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INTRODUCTION

This chapter addresses the management of BP in adult CKD
patients (specifically non-dialysis-dependent CKD [CKD
ND]) without diabetes mellitus. There is overlap with BP
management in the elderly (defined as persons 465 years of
age or as persons with CKD and aging-related co-morbid
conditions). In the elderly in particular and to a lesser extent
in younger CKD patients, these co-morbid conditions may
require modifications in the approach to BP management.
In this chapter we consider two primary adverse outcomes
related to high BP: progression of kidney disease and
development of CVD.137,138 The data are sufficient to provide
recommendations on BP targets139 and the use of ACE-Is or
ARBs, although there is evidence of heterogeneity in both
areas according to the urine albumin level.96,140–142 We
therefore divided the target populations on the basis of urine
albumin level.
We did not find sufficient data to suggest any differences
according to CKD stage, so our recommendations are not
stage-specific. It is not possible to recommend specific
regimens or BP targets for all the various causes of CKD.
Although there are strong observational data, there is no
evidence from RCTs to indicate that the treatment approach
should differ substantially for the patient with glomerular
disease and high urine albumin levels compared to the
patient with severe renovascular disease. Although we would
have preferred to give a target range (lowest to highest) for
BP rather than a single target for highest acceptable BP, there
are insufficient data based on RCTs to recommend a target
for lowest BP level. The recommendations and suggestions in
this chapter therefore emphasize an approach based on
highest acceptable BP and severity of albuminuria, but the
interventions should be implemented cautiously and with
subsequent surveillance for adverse effects.
We also recognize that BP agents other than those
recommended or suggested below, such as diuretics, may
be necessary for BP control, especially as CKD progresses and
volume retention becomes more of an issue. However, few
RCTs addressing hard cardiovascular or kidney outcomes
have randomized patients to a diuretic versus another agent
on top of an ACE-I or ARB. Therefore, in contrast to the
2004 KDOQI guideline,1 we do not provide a guideline
statement regarding diuretic use as a preferred second-line
agent. The use of diuretics and other BP agents are discussed
in more detail below and in Chapter 2.
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3.1: We recommend that non-diabetic adults with CKD
ND and urine albumin excretion o30 mg per 24 hours
(or equivalent*) whose office BP is consistently
4140 mm Hg systolic or 490 mm Hg diastolic be
treated with BP-lowering drugs to maintain a BP that
is consistently r140 mm Hg systolic and r90 mm Hg
diastolic. (1B)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.

RATIONALE
K

K

K

K

High BP is a risk factor for CVD and development and
progression of CKD.
Lowering BP in the general population reduces cardiovascular risk.
Lowering BP in CKD patients reduces the rate of CKD
progression.
CKD is a major risk factor for CVD.

Most recent BP guidelines have suggested a target BP of
o140/90 mm Hg for all individuals who are not at high risk
for CVD.1,143 This is based on several lines of evidence,
including observational data suggesting that high BP is a risk
factor for CVD,144 observational data suggesting that high BP
is a risk factor for development and progression of
CKD,145–148 RCTs of BP agents in the general population
showing a benefit of a lower target BP,149,150 and RCTs in the
general population demonstrating that the treatment of BP
reduces CVD outcomes.151
Several previous guidelines for kidney disease have
recommended a BP target of o130/80 mm Hg for all patients
with CKD, irrespective of the level of urine protein.1,143 These
recommendations are primarily based on observational data
in the general population showing that the presence of CKD,
irrespective of the level of urine protein, is associated with
high risk of CVD.152,153 In addition, data from the MDRD
study, which randomized patients to a mean arterial pressure
(MAP) of o92 mm Hg (equivalent to 125/75 mm Hg) versus
107 mm Hg (equivalent to 140/90 mm Hg) showed that tight
BP control reduced progression of kidney disease in patients
with41 g of urine protein per 24 hours.142
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Since the publication of previous guidelines, several events
have resulted in more caution about advocating a BP target
of r130/80 mm Hg in CKD patients without albuminuria.
RCTs in CKD populations have shown that data from the
general population cannot necessarily be extrapolated to the
CKD population.26,27 Moreover, particularly in RCTs related
to anemia, the RCT findings may be inconsistent with
observational data.154,155 Guideline agencies156,157 are now
requiring more rigorous data, in particular from RCTs, as a
basis for recommendations. Several manuscripts have recently emphasized that tight BP control may have adverse
effects,22,158 particularly in the elderly and those with CAD
and low diastolic BP.40 Furthermore, less tight control (i.e.,
control involving the use of fewer drugs) may improve
adherence and reduce costs of treatment, a benefit particularly relevant in resource-poor environments.
Finally, several recent RCTs have not shown a benefit of
lower BP targets in patients without proteinuria. For
instance, the African American Study of Kidney Disease
and Hypertension (AASK) randomized participants to treatment to a MAP of either r92 mm Hg or 102 to 107 mm Hg.140
During the long-term follow-up of participants, there was a
benefit associated with the lower BP target among patients
with a urine protein/creatinine ratio (PCR) of 4220 mg/g
(422 mg/mmol), but not among those with a PCR r220 mg/
g (r22 mg/mmol). In fact, in some analyses, there was a trend
toward worse outcomes in those targeted to low BP when the
urine PCR was r220 mg/g (r22 mg/mmol). Similarly, in the
Action to Control Cardiovascular Risk in Diabetes (ACCORD)
trial,159 no benefit was found with regard to the primary
composite outcome with a systolic BP target o120 mm Hg
versus a target of o140 mm Hg.
We therefore propose that targets currently recommended in the general population be extrapolated to those
with CKD who do not have elevated urinary albumin or
protein levels. Results of subgroup analyses of CKD patients
included in RCTs assessing target BPs are consistent
with the primary results of these trials160 (Supplementary
Table 1 online). This move towards a more conservative
target is consistent with other guidelines.161 We have graded
this recommendation as 1B, given that this BP target is
currently considered the standard of care for the general
population.
3.2: We suggest that non-diabetic adults with CKD ND
and urine albumin excretion of 30 to 300 mg per 24
hours (or equivalent*) whose office BP is consistently 4130 mm Hg systolic or 480 mm Hg diastolic be treated with BP-lowering drugs to maintain
a BP that is consistently r130 mm Hg systolic and
r80 mm Hg diastolic. (2D)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.
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RATIONALE
K

K

Urine albumin level of 30 to 300 mg per 24 hours
(microalbuminuria) is a risk factor for CVD and CKD
progression.
RCTs suggest that a BP r130/80 mm Hg may reduce
progression of CKD.

Patients with microalbuminuria are at high risk for progression of CKD as well as development of CVD.18,153,162165
RCT data suggest that BP control is particularly important in
CKD patients with high urine albumin levels.
Short-term follow-up data from the MDRD study142
showed an interaction of BP target with level of urine
protein, with a definitive benefit for kidney outcomes in
patients with 41 g of urine protein per 24 hours and GFR
of 25–55 m/min per 1.73 m2 (in MDRD Study A), with a
trend toward a benefit with lower protein levels. Long-term
follow-up showed a benefit of a low target BP and no
interaction with the urine protein level, suggesting that the
benefit may extend to all protein levels. In subgroup
analyses, the benefit was statistically significant in those
with urine protein excretion of 40.3 g per 24 hours166
(H Tighiouart, personal communication). However, there
may have been insufficient statistical power to detect the
interaction; hence, the risk reduction may have been greater
in those with higher urine protein levels. Long-term followup data from the MDRD study also showed a benefit with
regard to kidney outcomes with a lower target BP in specific
groups, such as patients with polycystic kidney disease and
non-glomerular diseases, that frequently have low urine
albumin levels. Long-term follow-up in the AASK study
demonstrated a benefit of lower target BPs in patients with
a PCR 4220 mg/g (422 mg/mmol).140 It is unclear
whether this PCR cutoff can be translated into an
albumin-level cutoff, as this conversion is likely to be
dependent on the type of kidney disease, and the ratio of
glomerular albuminuria to tubular proteinuria. In the
Effect of Strict Blood Pressure Control and ACE-Inhibition
on Progression of Chronic Renal Failure in Pediatric
Patients (ESCAPE) study,14 a lower BP target was of benefit
in reducing the risk of kidney outcomes, particularly in
children with higher urine protein levels (P ¼ 0.06 for
interaction of treatment target with urine protein level).
There have been no BP target trials involving CKD
patients focused on hard CVD outcomes. Subgroup
analyses from the Hypertension Optimal Treatment (HOT)
trial167 did not show a benefit for CVD outcomes in
association with a lower diastolic BP target in CKD patients,
although the statistical power to detect a difference was
limited (n ¼ 470 for those with a creatinine level 41.5 mg/dl
[133 mmol/l]). Furthermore, albuminuria data were not
available.
Because patients with CKD and microalbuminuria
are at high risk, and given that the evidence does
not support using different BP targets in non-diabetics
and diabetics (see Chapter 4), the Work Group suggests
Kidney International Supplements (2012) 2, 357–362
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a BP target of r130/80 mm Hg. This ensures consistency
among recommendations between persons with diabetes and
those without diabetes and facilitates implementation into
clinical practice.
3.3: We suggest that non-diabetic adults with CKD ND
and urine albumin excretion 4300 mg per 24 hours
(or equivalent*) whose office BP is consistently
4130 mm Hg systolic or 480 mm Hg diastolic be
treated with BP-lowering drugs to maintain a BP
that is consistently r130 mm Hg systolic and
r80 mm Hg diastolic. (2C)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.

RATIONALE
K

K

Albuminuria is a major risk factor for CVD and CKD
progression.
RCTs show that BP r130/80 mm Hg may reduce
progression of CKD in patients with urine albumin
excretion 4300 mg per 24 hours (‘macroalbuminuria’).

Patients with macroalbuminuria are at very high risk for both
progression of CKD and development of CVD.18,162,163
Observational data suggest that hypertension is a risk factor
for CVD and progression of CKD in patients with macroalbuminuria.168 As noted above, short-term follow-up data
from the MDRD study142 showed an interaction of BP target
with the level of urine protein, with a definitive benefit in
patients with a urine protein level 41 g per 24 hours (in
Study A) and a trend toward a benefit with lower protein
levels; long-term follow-up data showed a benefit of a lower
target BP. In subgroup analyses, a benefit was noted in
patients with urine protein excretion 40.3 g per 24 hours166
(H. Tighiouart, personal communication). Long-term follow-up data from AASK also showed a benefit of a lower
target BP in patients with PCR 4220 mg/g (422 mg/
mmol),140 and the ESCAPE trial14 showed a benefit in the
entire population with a borderline interaction of treatment
target and urine protein level.
In summary, we believe there is sufficient evidence to
suggest a BP target of r130/80 mm Hg for kidney protection
in those with macroalbuminuria. We have graded this
suggestion 2C, for the following reasons. The reported
benefits in the AASK and the MDRD study are based on post
hoc and subgroup analyses. Furthermore, in both the MDRD
study and AASK, MAP was targeted rather than systolic and
diastolic BP, and a specific MAP may translate into different
systolic and diastolic BP, depending on the individual patient.
Additionally, in the MDRD study, a higher MAP was targeted
in patients over the age of 60 years.169 The Ramipril Efficacy
in Nephropathy 2 (REIN-2) study did not show a benefit of
tight BP control, although admittedly this was a short-term
Kidney International Supplements (2012) 2, 357–362

study with relatively few outcomes and it is unclear whether
the use of a dihydropyridine calcium-channel blocker
(felodipine) in the low-target arm may have confounded
the results170 (See Supplementary Tables 2–4 online). We also
do not believe that this recommendation should in any way
hinder trials from randomizing patients with CKD and urine
protein excretion o1 g per 24 hours to various BP targets, as
there is sufficient equipoise and uncertainty to endorse these
trials. One such trial that will evaluate this question is Systolic
Blood Pressure Intervention Trial (SPRINT) which is funded
by National Institutes of Health (NIH).171,172 It will evaluate
cardiovascular and kidney outcomes in patients randomized
to a systolic BP of o140 mm Hg versus o120 mm Hg. There
is a CKD component for patients with GFR 20–60 ml/min/
1.73 m2. Patients with diabetes and those with 24-hour urine
protein excretion of 41 g per 24 hours are excluded from
this study.
3.4: We suggest that an ARB or ACE-I be used in nondiabetic adults with CKD ND and urine albumin
excretion of 30 to 300 mg per 24 hours (or
equivalent*) in whom treatment with BP-lowering
drugs is indicated. (2D)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.

RATIONALE
K

K

K

Urine albumin excretion of 30 to 300 mg per 24 hours
(microalbuminuria) is a risk factor for CVD and CKD
progression.
ACE-Is and ARBs have been shown to reduce urine
albumin levels.
RCTs suggest that ACE-Is or ARBs may help reduce
progression of CKD and possibly CVD in patients with
urine albumin excretion of 30 to 300 mg per 24 hours.

As mentioned above, patients with microalbuminuria are at
high risk for both progression of CKD and development of
CVD.18,162165 Here, we describe the trial data which either
focused on kidney disease or CVD outcomes. Some trials
focused on both.173176

Kidney disease. In AASK, a study of patients with a PCR
o220 mg/g (o22 mg/mmol), the ACE-I ramipril decreased
the urine protein level. It remains to be determined whether
this translates into a clinically important benefit.177 In post
hoc analyses of the Heart Outcomes Prevention Evaluation
(HOPE), which was an RCT involving patients with diabetes
or vascular disease and at least one other CVD risk factor,
ramipril prevented progression of proteinuria or development of new-onset microalbuminuria, independent of
diabetes status.174 In a post hoc analysis of Candesartan
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Antihypertensive Survival Evaluation in Japan (CASE J),
which was an RCT comparing the ARB candesartan with the
calcium-channel blocker amlodipine,178 candesartan reduced
progression of CKD 4 (see Supplementary Table 5 online). In
subgroup analyses of the Telmisartan Randomized Assessment Study in ACE Intolerant Subjects with Cardiovascular
Disease (TRANSCEND), an RCT that included patients with
vascular disease or diabetes, in patients with microalbuminuria (defined as an ACR 43.4 mg/mol [434 mg/g]), the
ARB telmisartan decreased the risk of the composite kidney
outcome (doubling of SCr level, dialysis, or death) in
comparison with placebo.179 There was an interaction
whereby telmisartan benefited patients with microalbuminuria but was associated with harm in those without
microalbuminuria (P ¼ 0.006 for interaction). Finally, in
patients with diabetes, ACE-Is and ARBs have been shown to
prevent the development of macroalbuminuria in subjects
with microalbuminuria,180,181 and we have not found
evidence of substantive differences between diabetics and
non-diabetics with respect to either BP target or agent.
The Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT) was a large RCT
examining the effects of the ACE-I lisinopril, the thiazide
chlorthalidone, and the dihydropyridine calcium-channel
blocker amlodipine in individuals 455 years of age with
hypertension and at least one other CVD risk factor.
Lisinopril did not show a benefit for doubling of creatinine
or kidney failure when compared with chlorthalidone in the
entire cohort or among patients with CKD at baseline175 (see
Supplementary Table 6 online). ALLHAT, however, did not
permit the use of an ACE-I with a diuretic—a combination
that is frequently required in clinical practice to achieve
adequate BP control.182184 In addition, the diuretic arm in
ALLHAT achieved better BP control making comparison of
agents more difficult to interpret. Unfortunately, albuminuria
or proteinuria status was not measured in the enrolled
subjects, but assuming that ALLHAT was consistent with
other trials of high-risk individuals recruited from the
general population (e.g., HOPE or TRANSCEND), the
median level of proteinuria was most likely below the
microalbuminuria cutoff.
CVD. There have been few RCTs of BP agents that have
focused on CVD outcomes in CKD patients without diabetes
mellitus (Supplementary Tables 7–32 online). Most of the
data are taken from subgroup analyses of patients with CKD
from general population studies (Supplementary Tables 1,
5–6, 33–36 online). HOPE showed a benefit for CVD
outcomes in patients randomized to ramipril.185 This benefit
extended to those with a creatinine level 41.4 mg/dl
(124 mmol/l) or a creatinine clearance o65 ml/min (1.1 ml/
sec) in non-diabetic individuals,173 as well as those with
microalbuminuria.185 In the Perindopril Protection Against
Recurrent Stroke Study (PROGRESS), which included
patients with a history of cerebrovascular disease, the ACEI perindopril, as compared with placebo, decreased the rate of
recurrent stroke in those with CKD.186 Although the level of
360

urine albumin was not specified in PROGRESS, it seems
reasonable to assume that CVD protection would extend to
those with microalbuminuria. In patients with stable
coronary disease in the Prevention of Events with Angiotensin-Converting Enzyme Inhibitor Therapy (PEACE) trial,
the ACE-I trandolapril, as compared with placebo, reduced
mortality in those with a GFR o60 ml/min/1.73 m2,
although trandolapril did not have a benefit in those with
a GFR Z60 ml/min/1.73 m2.187 However, the effect of
trandolapril therapy on outcomes was not significantly
modified by the level of albuminuria.188 In the European
Trial on Reduction of Cardiac Events with Perindopril in
Stable Coronary Artery Disease (EUROPA), there was no
modification of benefit by level of kidney function, and
perindopril (versus placebo) decreased the risk of the
primary composite end point of cardiovascular death, nonfatal myocardial infarction, or resuscitated cardiac arrest in
patients with a GFR o75 ml/min/1.73 m2 as well as those
with a GFR 475 ml/min/1.73 m2.189 ALLHAT, however, did
not show a benefit of lisinopril over chlorthalidone with
respect to CVD outcomes in the subgroup of patients with
CKD.176
The Prevention of Renal and Vascular Endstage
Disease Intervention Trial (PREVEND IT) included CKD
patients with urine albumin levels of 15 mg to 300 mg per
24 hours. Patients were randomized to the ACE-I fosinopril
or placebo. Fosinopril decreased albumin excretion by 26%
and showed a trend toward reducing the risk of CVD
outcomes (hazard ratio [HR] versus placebo 0.60; 95% CI
0.33–1.10).190 Similarly, in the CASE J trial, candesartan
reduced the rate of CVD outcomes, as compared with
amlodipine, in CKD 4 patients178 (Supplementary Table 5
online).
The Work Group suggests ACE-Is or ARBs as the
preferred class of BP-modifying agent in CKD patients with
microalbuminuria. This recommendation is based on
observational data and subgroup and post hoc analyses,
hence the grade of 2D.
3.5: We recommend that an ARB or ACE-I be used in
non-diabetic adults with CKD ND and urine
albumin excretion 4300 mg per 24 hours (or
equivalent*) in whom treatment with BP-lowering
drugs is indicated. (1B)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.

RATIONALE
K

K

Urine albumin excretion 4300 mg per 24 hours
(‘macroalbuminuria’) is a risk factor for CVD and for
CKD progression.
In RCTs involving patients with CKD and urine albumin
excretion 4300 mg per 24 hours, ARBs or ACE-Is reduce
Kidney International Supplements (2012) 2, 357–362
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the risks of ‘hard’ outcomes such as the doubling of SCr
level, kidney failure, or death.
Patients with macroalbuminuria are at very high risk for both
progression of CKD and development of CVD.18,162,163
Kidney disease. Several trials have demonstrated a benefit,
in patients with macroalbuminuria, of ACE-Is or ARBs over
either placebo or other agents, in reducing the risk of
macroalbuminuria, doubling of creatinine levels, and development of kidney failure (See Supplementary Tables 7–12
online).
These trials include RCTs in patients with CKD of various
causes, primarily glomerulonephritis,191 African-Americans
with hypertension,177 and patients with advanced CKD (a
GFR of 20–70 ml/min/1.73 m2).192 A meta-analysis of individual patient data from 11 RCTs compared antihypertensive regimens including ACE-Is to regimens without ACE-Is
in 1860 patients with predominantly non-diabetic CKD. In
adjusted analyses, ACE-Is were associated with a HR of 0.69
for kidney failure (95% CI 0.51–0.94) and 0.70 for the
combined outcome of doubling of the baseline SCr
concentration or kidney failure (95% CI 0.55–0.88). Patients
with greater urinary protein excretion at baseline benefited
more from ACE-I therapy (P ¼ 0.03 for kidney failure and
P ¼ 0.001 for the combined outcome).141
The Work Group did not find heterogeneity with regard to
the benefit of ACE-Is according to CKD stage; therefore, the
guideline statements are not divided on this basis. Furthermore, few RCTs with hard CVD or kidney-disease outcomes
randomized patients to a diuretic or another agent in
addition to an ACE-I or ARB; therefore, we have not
included any guideline statements to support this practice. In
fact, one RCT in individuals predominantly without CKD
showed that the risk of doubling of the creatinine level was
higher with an ACE-I–hydrochlorothiazide combination than
with ACE-I–amlodipine.101 The clinical importance of this
end point remains to be determined,193 as it may reflect a
reversible hemodynamic effect. Finally, there is only limited
quality evidence evaluating either differences in ACE-I versus
ARB, or comparison of ACE-I plus ARB versus either ACE-I
or ARB with regard to hard clinical outcomes (Supplementary Tables 13–15 online).
CVD. Only a few RCTs of BP agents have focused on
CVD outcomes in subjects with CKD (Supplementary
Tables 7–32 online); therefore, most of the data are from
subgroup analyses of CKD patients from general population
studies. Several analyses have shown a benefit of ACE-Is
or ARBs over placebo or another agent, and although most of
these studies were performed in patients with urine albumin
levels below the macroalbuminuria cutoff, there is no
obvious reason why the benefit would not extend to
individuals with macroalbuminuria (Supplementary Tables
7–12 online).
In summary, the data in support of the use of ACE-Is or
ARBs are reasonably strong for preventing progression of
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CKD and less so for CVD protection. Notably, they show no
harm of either class of drugs with regard to CVD. Taken
together, the data on both drug classes support a grade 1B
recommendation for ACE-Is or ARBs as a preferred agent in
CKD patients with albumin excretion 4300 mg per 24 hours
or its equivalent.
RESEARCH RECOMMENDATIONS
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K

K

K
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Large RCTs of BP targets are needed in CKD patients
without diabetes (stratified by GFR and albuminuria)
that are powered for clinical outcomes including kidney
failure, CVD events and mortality.
Large RCTs of BP agents are needed in CKD patients
without diabetes (stratified by GFR and albuminuria)
that are powered for clinical outcomes including kidney
failure, CVD events and mortality.
Subgroup analyses in new, large-scale RCTs as described
above by specific causes of CKD are needed.
Studies are needed to examine how intermediate outcomes for CKD and CVD (i.e., doubling of creatinine
level, change in urine protein level, and development or
regression of left ventricular hypertrophy) track with
clinical outcomes to assess their validity as prognostic
tools and possible surrogate outcomes going forward.
Development of prediction tools for clinical outcomes in
patients with CKD and testing in clinical trials for
exploration of treatment heterogeneity are encouraged.
Development of prediction tools for the adverse outcomes of ACE-Is and ARBs is encouraged.
Cost-effectiveness analyses of lower BP targets in CKD
patients without diabetes as stratified by GFR and
albuminuria should be conducted.
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Chapter 4: Blood pressure management in
CKD ND patients with diabetes mellitus
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INTRODUCTION

This chapter addresses the management of BP in adult CKD
patients (specifically non-dialysis-dependent CKD [CKD
ND]) with diabetes mellitus. Previous guidelines1,30 have
used the term ‘diabetic nephropathy’ or ‘diabetic kidney
disease.’ This Work Group decided to use the term ‘diabetes
with CKD’ in recognition of the fact that many patients who
have co-existing diabetes and CKD do not undergo kidney
biopsy and may have other forms of kidney damage with
or without the changes that characterize diabetes. Examples
of alternative pathologies include nephroangiosclerosis,
atheromatous embolism, atherosclerotic renal artery disease,
or glomerulonephritis. In addition, there is evidence that the
classic histological features of diabetic nephropathy can on
occasion be found in patients who do not have a high urine
albumin level.194–196 Also, progressive loss of excretory kidney
function has been observed in the absence of progression
from microalbuminuria to overt proteinuria in some patients
with diabetes.197
Observational studies in the general population provide
strong evidence of a linear relationship between BP and risk
of cardiovascular events.21 A large number of RCTs have also
shown that drugs that reduce BP also reduce the risk of
subsequent cardiovascular events.198 The benefits of BP
reduction observed in clinical trials involving high-risk
patients have also been shown to be consistent across a
range of baseline BP levels in recent, large meta-analyses.198,199 In addition, baseline BP levels have been shown
to be a powerful determinant of the subsequent risk of kidney
failure in large population-based studies from around the
world.148,200
Diabetes increases the risk of CVD by a factor of two to
three at every level of systolic BP,201 and this risk is further
potentiated by the presence of CKD. In addition, type 2
diabetes is a leading cause of CKD, accounting for 30 to 50%
of new cases of kidney failure in the industrialized world.202
Microalbuminuria is one of the earliest detectable manifestations of kidney disease in patients with diabetes, with a
prevalence of 25% after 10 years of diabetes and an annual
rate of progression to overt nephropathy of approximately
3%.203 The risk of incident and progressive microalbuminuria is highly associated with BP levels.204 Progression of
retinopathy is also closely associated with high BP.205–208 It is
therefore important that the clinician is provided with clear,
evidence-based recommendations on the use of BP-lowering
drugs in the management of patients with diabetes and CKD.
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This management should also include interventions for
multiple risk factors, which have been shown to improve
outcomes in patients with diabetes.209–211
The Work Group recognizes that the benefits of BP
reduction in patients with diabetes and CKD may include
reductions of the risks of progressive loss of kidney function,
CVD and progression of diabetic retinopathy. We also took
into account the fact that the effects of BP reduction may
differ among outcomes; for instance, a lower achieved BP
may be associated with an increased risk of one outcome but
a reduced risk of another.
These recommendations are not stratified by CKD stage as
there are remarkably few studies in which the effect of BPlowering therapy has been reported according to CKD stage.
The Work Group could find no evidence that the balance of
benefits and harms of BP-lowering therapy, or specific types
of therapy, varied with the GFR—other than the known risks
of hyperkalemia, particularly with agents that directly
interfere with renin–angiotensin–aldosterone system (see
Chapter 2).
4.1: We recommend that adults with diabetes and CKD
ND with urine albumin excretion o30 mg per 24
hours (or equivalent*) whose office BP is consistently
4140 mm Hg systolic or 490 mm Hg diastolic be
treated with BP-lowering drugs to maintain a BP that
is consistently r140 mm Hg systolic and r90 mm Hg
diastolic. (1B)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.

RATIONALE
K

K

RCTs that have examined various BP targets or compared
active treatment with placebo, along with observation
studies, have been consistent in suggesting that lowering
BP so that it is consistently o140/90 mm Hg will prevent
major cardiovascular events. Lowering BP to these levels
is also likely to reduce the risk of progressive CKD.
The evidence for the benefit of further lowering of the BP
target is mixed, with modest cardiovascular benefits in
patients with diabetes partly offset by increases in the risk
of serious adverse effects in trials, and inconsistency in
results among observational studies using clinical trial
datasets.
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Recommendation 4.1 applies to diabetic patients with CKD,
defined as a GFR o60 ml/min/1.73 m2, and normal albumin
excretion (normoalbuminuria) prior to the use of BPlowering drugs such as ACE-Is or ARBs. Several studies have
shown that this is not a rare occurrence in patients with type
2 diabetes.195,196,212–217 For example, in the National Health
and Nutrition Examination Survey (NHANES), 36% of
adults with type 2 diabetes and a GFR o60 ml/min/1.73 m2
had normal urine albumin levels.195 A population-based
study in Japan found 262 of 3297 people (7.9%) with type 2
diabetes and a GFR o60 ml/min/1.73 m2 had a normal AER.
The diabetic patients with CKD but a normal AER were older
and included a higher proportion of women and patients
with hypertension, hyperlipidemia, and CVD but fewer
smokers, compared with the diabetic patients with a normal
AER and preserved GFR.217
A long-term follow-up study of participants with type 1
diabetes in the Diabetes Control and Complications Trial and
the Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) study showed that 24% of those
who developed a GFR o60 ml/min/1.73 m2 had an AER
o30 mg per 24 hours at all previous evaluations,218
indicating that normoalbuminuric CKD is also an important
entity in type 1 diabetes.
RCTs. The Work Group could not identify any RCTs in
which patients with CKD and normoalbuminuric diabetes
had been randomized to various BP targets. Several trials have
been completed in broader populations with diabetes, some of
whom had CKD at study entry. These are summarized here.
In the United Kingdom Prospective Diabetes Study
(UKPDS) 38,219 patients with diabetes, a minority of whom
also had nephropathy, were randomized to BP o150/
85 mm Hg or o180/105 mm Hg. Tighter BP control was
associated with a reduction in risk of diabetes-related death,
stroke, and progression of retinopathy.
The HOT study220 recruited 18,790 adults with diastolic BP
between 100 and 115 mm Hg and randomized them to one of
three diastolic BP targets: r90, r85, and r80 mm Hg.
Among the 1501 subjects with diabetes (a relatively small
proportion, suggesting under-representation of diabetics), the
risk of major cardiovascular events in the group targeted to a
diastolic BP r80 mm Hg was half that of the group targeted
to 90 mm Hg. Baseline data on cardiovascular risk factors
were not provided for the diabetic subgroup, leading some
commentators to speculate whether this result was due to
imbalance between the groups rather than to a genuine
treatment effect. No data were given on urinary albumin
excretion in the diabetic subgroup.
The Appropriate Blood Pressure Control in Diabetes
(ABCD) study was a 5-year prospective RCT comparing
intensive and moderate BP control in patients with diabetes.221
The hypertensive arm comprised diabetic patients with a
diastolic BP 490 mm Hg randomized to a diastolic BP target
of 75 mm Hg or 80 to 89 mm Hg. Patients assigned to the lower
BP target were also randomized to receive either nisoldipine or
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enalapril. This arm of the trial was terminated early because of
a significantly higher incidence of myocardial infarction (a prespecified secondary end point) in the nisoldipine group.222 At
5 years of follow-up, there was no difference in the rate of prespecified kidney outcomes or cardiovascular outcomes between
the group targeted to 75 mm Hg and the group targeted to 80
to 89 mm Hg but a significantly lower incidence of death in the
75 mm Hg group.183
The normotensive arm in the ABCD study comprised
diabetic patients (around 30% of whom had CKD, as defined
on the basis of albumin excretion) with a baseline BP o140/
90 mm Hg who were randomized to placebo or active
treatment (and in that group, further randomized to either
enalapril or nisoldipine) titrated to reduce the diastolic
BP to 10 mm Hg below baseline.223 As compared with lessintensive treatment, intensive treatment (to the lower BP
target) was not associated with any difference in the change
in creatinine clearance over the study period but was
associated with lower risks of progression from normoalbuminuria to microalbuminuria and from microalbuminuria to overt proteinuria, as well as a reduced risk of stroke
and of progression of retinopathy. The inclusion criteria for
the normotensive arm of ABCD prevents reliable extrapolation of this finding to patients whose baseline BP is
4140/90 mm Hg.
The ACCORD study159 randomized 4733 patients with
diabetes and high cardiovascular risk to a systolic BP target
o140 mm Hg or o120 mm Hg. A total of 39% of patients
had an elevated urinary AER. There was no difference
between the two groups in the primary composite end
point (non-fatal myocardial infarction, non-fatal stroke, or
cardiovascular death). However, the lower systolic BP
target was associated with a significant reduction in the risk
of stroke (62 events with o140 mm Hg target vs. 36 events
with o120 mm Hg target, P ¼ 0.01), a pre-specified secondary end point, but also with a significant increase in rate of
serious adverse events (30 events vs. 77 events, respectively;
Po0.001).224
As compared with the group targeted to o140 mm Hg,
the group targeted to o120 mm Hg had higher rates of
hyperkalemia and elevations in SCr level. The mean GFR was
significantly lower in the intensive-therapy (lower-target)
group than in the standard-therapy group at the last visit.
There were significantly more instances of a single GFR
measurement o30 ml/min/1.73 m2 in the intensive-therapy
group than in the standard-therapy group (99 events vs. 52
events, respectively; Po0.001), but the proportion of
participants with more than one GFR reading o30 ml/
min/1.73 m2 was similar in the two groups (38% vs. 32%,
respectively; P ¼ 0.46). The frequency of macroalbuminuria
at the final visit was significantly lower with intensive therapy
than with standard therapy, and there was no between-group
difference in the frequency of kidney failure or initiation of
dialysis (in 58 patients vs. 59 patients, P ¼ 0.93).159
The ACCORD trial also showed that intensive glycemic
control and combination lipid-lowering treatment, but not
Kidney International Supplements (2012) 2, 363–369
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intensive BP control, was associated with a reduction in the
rate of progression of retinopathy.224
Observational studies. There have been several large
observational studies of patients with diabetes, CKD, or
both, most of which found a lower risk of cardiovascular or
kidney outcomes in people with lower BP.148,225 These studies
have been cited by many previous guidelines and used to
support a BP target of o130/80 mm Hg for patients with
CKD or diabetes. However, none of these studies prove
causality and it is equally possible that higher BP, whether
occurring before initiation of BP-lowering treatment or after,
is simply a marker for more severe disease, which in turn has
a poorer prognosis.22
Among patients screened for the Multiple Risk Factor
Intervention (MRFIT) trial, there was a strong, graded,
positive relationship between baseline BP and subsequent risk
of kidney failure; the association was weaker among older
men, blacks, and men with diabetes.148 In the diabetic
subgroup of MRFIT participants,201 the risk of cardiovascular
death increased to a greater degree with increasing risk factors,
including systolic BP, than in the non-diabetic subgroup.
A strong association between baseline BP and subsequent
risk of kidney failure was also demonstrated in an Okinawan
study.226 After adjustment for age and BMI, there was a
significant, positive association between systolic BP and the
risk of diabetic kidney failure, with a relationship also
demonstrated for diastolic BP in women only.
The Pittsburg Epidemiology of Diabetes Complications
(EDC) study227 reported on 589 patients with childhoodonset diabetes. A graded association between baseline BP and
subsequent risk of major events was found.
Data from the Cardiovascular Health Study and the
Atherosclerosis Risk In Communities study158 showed that
among participants with CKD, there was a J-shaped
relationship between systolic BP and risk of stroke, with a
higher risk of stroke with a systolic BP o120 mm Hg; this
relationship was not seen in those without CKD.
Post hoc analyses of RCTs. Post hoc analyses of several large
RCTs have indicated various relationships between achieved
BP and outcomes.
A post hoc analysis of achieved BP and outcome in the
Irbesartan Diabetic Nephropathy Trial (IDNT)228 indicated
that systolic BP o120 mm Hg was associated with an
increased (rather than decreased) risk of cardiovascular events.
A post hoc analysis of UKPDS 36,229 irrespective of
treatment allocation, revealed a significant association
between higher systolic BP and higher risk of clinical
complications over a systolic BP range of 115 to 170 mm Hg.
The International Verapamil SR Trandolapril (INVEST)
study recruited patients with hypertension and CAD and
compared the effects of verapamil and atenolol. Trandolapril,
hydrochlorothiazide, or both were added to achieve either a BP
o140/90 mm Hg or a BP of o130/85 mm Hg in patients with
diabetes or kidney impairment.230 In an analysis of achieved BP
among participants with diabetes (irrespective of their randomized treatment assignments), those who achieved tight BP
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control (i.e., a systolic BP o130 mm Hg) had similar rates of
cardiovascular outcomes, and higher rates of death, than those
with usual BP control (i.e., systolic BP, 130 to 140 mm Hg).
Both groups had better outcomes than did a third group with
poor BP control (i.e., systolic BP 4140 mm Hg). The increased
risk of mortality in the tight-control group persisted during an
extended follow-up period.231
The Action in Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled Evaluation (ADVANCE) collaborative group showed that the addition of
perindopril plus indapamide to current therapy used in
patients with type 2 diabetes and high cardiovascular risk
reduced the rate of major or microvascular events.232 In a
secondary analysis, kidney events (mostly measures of
appearance or worsening of urinary AER) were less frequent
with a lower achieved BP at the follow-up visit.233 The
absolute risk reductions for cardiovascular and kidney end
points associated with active treatment (irrespective of BP)
were greater among patients with CKD 3–5 than among
patients with CKD 1–2.234
Interpretation. The Work Group believed that the data
for reducing usual systolic BP to r140 mm Hg and diastolic
BP to r90 mm Hg were strong, on the basis of the data
presented above, as well as the clear relationship between
BP levels and the risk of cardiovascular and kidney outcomes consistently noted in observational studies in both the
general population21,198,199 and in patients with diabetes with a
systolic BP 4140 mm Hg and a diastolic BP
490 mm Hg.229,233 Further support is provided by reports
from a number of clinical trials or trial subgroups demonstrating that BP-lowering therapy prevents cardiovascular and
kidney events in patients with diabetes, most of whom had BP
levels 4140/90 mm Hg at trial entry.183,219,221,223,232 There are
few data for individuals with diabetes and CKD, but those that
are available have reported broadly consistent findings.234
The Work Group does not believe that the evidence is
sufficiently strong to support a lower target BP level for all
patients with diabetes and CKD. Some support for lower BP
targets is provided by the ACCORD and ABCD trials
population. However in ACCORD, these benefits must be
balanced against the increased risk of adverse events. As a
result, it was felt that the risk-to-benefit ratio is likely to be
unfavorable for at least some groups of individuals with
diabetes and CKD. These include patients with diabetes and
non-albuminuric CKD, who may be likely to have additional
co-morbidities; the elderly, who are prone to falls; patients
with marked systolic hypertension; and those with severe
autonomic neuropathy. Such patients may have been underrepresented in the RCTs and observational studies.
A target BP of r140 systolic and r90 mm Hg diastolic
may appear to require less aggressive therapy than the targets
recommended in some other guidelines for patients with
diabetes. However, whether this is true depends on how
targets are interpreted by clinicians. There is extensive
evidence from routine clinical practice that many patients
do not achieve the targets set in guidelines; instead, achieved
365

chapter 4

values often have a normal distribution around the target.22
This distribution of values is the reason for the wording we
have chosen for the recommendation statements: that BP be
‘‘consistently’’ below a given level. For instance, to account
for random fluctuations in resting office BP over time, the
intervention threshold needs to be significantly o130 mm Hg
to achieve a systolic BP consistently o130 mm Hg.
The Work Group, therefore, is confident that most
individuals with diabetes and CKD should have their usual
BP lowered to be consistently r140/90 mm Hg (hence the
grade of 1B for recommendation 4.1), and that targets lower
than r140/90 mm Hg could be considered on an individual
basis for patients believed to be more likely to benefit than to
be harmed by the treatment (e.g., patients not already on
several BP-lowering agents, younger individuals, or persons
at high risk of stroke).
Overall, the evidence supporting the statement that
systolic BP should be lowered to r140 mm Hg is at least
level B. However, the evidence supporting the implication
that systolic BP needs to be lowered further, for instance to
r130 mm Hg, is weaker. This grading should not, therefore,
be taken to imply that no further research is required on the
question of lower BP targets in this group.
Comparison with current guidelines. Recommendation 4.1
is consistent with recommendations made by numerous
international and national guidelines for the general population,9,30,235–244 all of which agree on a treatment goal of r140/
90 mm Hg on the grounds that BP-lowering drugs reduce the
risk of all-cause and cardiovascular mortality in people whose
BP is 4140/90 mm Hg. There is no reason to expect that
patients with diabetes and CKD are less likely to have a benefit.
Although there is observational evidence that the risk of CVD
is higher among diabetic patients than non-diabetic patients at
any given BP, these findings do not, in the absence of RCT
evidence, support a recommendation that BP should be
lowered further than is recommended in diabetic patients.
The Work Group is aware that this recommendation
appears more conservative than the recommendations of
some other international and national guidelines that
recommend a BP target r130/80 mm Hg for patients with
diabetes and CKD.1,9,30,237–240,243,245–247 However, there is
insufficient high-quality evidence from RCTs to support a
lower target for patients with diabetes and CKD (which we
defined as a GFR o60 ml/min/1.73 m2) who do not have an
increased urinary AER. All other guidelines have relied on
observational evidence to support a lower systolic BP
threshold for patients with diabetes. The Work Group did
not consider the evidence from the HOT220 and ABCD221
trials strong enough to justify a recommendation to lower the
target diastolic BP to r80 mm Hg.
The Work Group analyzed the evidence base for the existing
guidelines carefully to ensure that the apparent departure from
accepted wisdom was justified. Few existing guidelines specify
how patients with normoalbuminuric CKD and diabetes
should be treated with BP-lowering drugs, with the majority
advising a BP target of r130/80 mm Hg for all patients with
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diabetes, irrespective of GFR or albuminuria. Although the
grades (and grading system) of these recommendations vary,
all supporting statements acknowledge that the evidence is
largely observational. For instance, many guidelines refer back
to JNC 7,9 which qualified the recommendation with the
caveat, ‘although available data are somewhat sparse to justify
the low target level of 130/80 mm Hg y.’ The JNC 7 goes on
to cite the American Diabetes Association guidelines245 and the
supporting literature analysis,235 which rely on the HOT
findings220 for justification of the 80 mm Hg diastolic BP
target245 and on Systolic Hypertension in the Elderly Program
(SHEP)151 and Systolic Hypertension in Europe (Syst-Eur)
trial248 (both studies of the general population) for the
140 mm Hg systolic BP target. Finally, the JNC 7 states that
‘Epidemiological studies indicate that there is a benefit to
reducing systolic BP still further to 130 mm Hg or below’, citing
two references, UKPDS 36229 and a study from Allegheny
County that contains no data on BP.249
We have not made recommendations about the choice of
the BP-lowering drug to be used in patients with CKD and
diabetes who do not have elevated rates of urinary albumin
excretion. Although there is some evidence that inhibitors of
the renin–angiotensin system might prevent an increase in
urinary AER,250,251 particularly in the presence of higher
BP,252 and might also reduce cardiovascular risk, such studies
have not been performed in patients with reduced GFR but
normal urinary albumin excretion. In such patients, the
balance of risks and benefits of the use of ACE-Is or ARBs
may well differ from the balance of their use for primary
prevention of diabetic kidney disease.
Considerations. Most interpretations of the observational
evidence predict that achieved BPs below a target of r140/
90 mm Hg in patients with CKD and diabetes would be
associated with additional benefit in the prevention of
both progressive kidney disease and cardiovascular events.
However, no RCTs have demonstrated such a benefit.
It remains possible that clinical harm could be done, at least
in some subgroups, by attempting to reach lower BPs.
Achieving lower BPs would require multiple drug treatments
in the majority of patients with CKD and diabetes,
particularly those with high pulse pressures. This has
implications both for adherence and for the cost of
treatment, of which the latter is particularly important in
resource-poor settings.
4.2: We suggest that adults with diabetes and CKD ND
with urine albumin excretion 430 mg per 24 hours
(or equivalent*) whose office BP is consistently
4130 mm Hg systolic or 480 mm Hg diastolic be
treated with BP-lowering drugs to maintain a BP
that is consistently r130 mm Hg systolic and
r80 mm Hg diastolic. (2D)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.
Kidney International Supplements (2012) 2, 363–369

chapter 4

RATIONALE
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Observational studies show that the level of urine
albumin predicts the risk of adverse cardiovascular and
kidney outcomes.
BP lowering reduces the rate of urinary albumin
excretion, which may in turn lead to a reduced risk of
both kidney and cardiovascular events, although this has
not been shown in RCTs.

The Work Group found only one RCT, from the
Steno Diabetes Centre in Copenhagen (Intensified Multifactorial Intervention in Patients With Type 2 Diabetes and
Microalbuminuria [Steno-2 study]) in which diabetic
patients with high urine albumin were selected and
randomized to two BP targets.209,211,253 In the Steno-2 study,
160 adults with microalbuminuria and type 2 diabetes were
randomized to intensive multifactorial intervention or to
conventional therapy. The intensive-care arm received ACE-I
or ARB irrespective of BP and had a BP target that was
initially 140/85 mm Hg but was reduced to 130/80 mm Hg
during the study, as compared to o160/95 mm Hg which was
subsequently reduced to o135/85 mm Hg in the conventional arm. However, intensive intervention also included
dietary advice, exercise, lipid-lowering treatment, help with
smoking cessation, vitamin supplementation, aspirin, and
intensified glycemic control. This intensive therapy was
shown to be associated with a reduced risk of CVD,
nephropathy, retinopathy, and autonomic neuropathy. The
improvements seen in the intensive-therapy group were
mostly in BP and the lipid profile, with only minor
differences between the two groups in glycemic control and
no differences in smoking, exercise measures, or body
weight.209
Observational evidence. There is strong observational
evidence of an association between higher BP and an increased
risk of worsening kidney function.148,201,225,254,255 Diabetic
patients with microalbuminuria are at increased risk of both
CVD256 and progressive kidney disease as compared to
diabetic patients with normal albumin excretion.256–258
Reduction of the rate of urinary albumin excretion during
treatment is associated with a better kidney and cardiovascular
prognosis.210,250,259–261 However, these associations do not
prove causation, and it remains possible, albeit highly unlikely,
that patients in whom the rate of urine albumin excretion
declines, either spontaneously or in response to treatment,
have intrinsically less severe disease than those in whom
no remission occurs. RCTs examining the effects of targeting
certain levels of urine albumin on clinically relevant end
points are needed before it can be concluded that treatment to
reduce the rate of urinary albumin excretion will improve
prognosis.
The Work Group therefore felt that benefits of targeting
lower BP levels were likely to be greater for individuals with
micro- or macroalbuminuria, so a target BP of r130/
80 mm Hg is suggested; however, stronger evidence is
required in this population, hence the grade of 2D.
RCTs.
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4.3: We suggest that an ARB or ACE-I be used in adults with
diabetes and CKD ND with urine albumin excretion of
30 to 300 mg per 24 hours (or equivalent*). (2D)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.

RATIONALE
K

K

Patients with diabetes and microalbuminuria are at
increased risk of kidney failure and cardiovascular events.
ACE-Is and ARBs reduce the level of urine albumin in
patients with diabetes and microalbuminuria at baseline,
but data regarding the effects on kidney failure or
cardiovascular outcomes are limited.

Microalbuminuria is much more common than frank
proteinuria or albuminuria in patients with diabetes, but it is
also associated with an increased risk of kidney and
cardiovascular events. Several trials have shown a benefit of
ACE-Is or ARBs over placebo in patients with microalbuminuria, irrespective of pre-treatment BP (See Supplementary
Tables 37–42 online).180,181,262–267 All of these trials studied the
effects of treatment on surrogate outcomes, most commonly
the transition to overt proteinuria; none demonstrate conclusively that these improvements are associated with a reduction
in hard end points in this population, although this may be the
result of low event rates, inadequate statistical power, and short
follow-up times. The Work Group believes that ACE-Is and
ARBs should be the preferred classes of BP-lowering agent used
in patients with diabetes and microalbuminuria, although the
relatively weak available evidence is reflected in the poor grade
assigned to this guideline statement (2D).
We have not made statements about prevention of
microalbuminuria as this topic will be addressed in the
forthcoming KDOQI Diabetes guideline update.268
4.4: We recommend that an ARB or ACE-I be used in
adults with diabetes and CKD ND with urine albumin
excretion 4300 mg per 24 hours (or equivalent*). (1B)
*Approximate equivalents for albumin excretion rate per 24 hours—
expressed as protein excretion rate per 24 hours, albumin/creatinine ratio,
protein/creatinine ratio, and protein reagent strip results—are given in
Table 1, Chapter 1.

RATIONALE
K

K

Patients with diabetes and high levels of urine albumin
are at a particularly high risk of adverse cardiovascular
and kidney outcomes.
There is strong evidence from RCTs conducted in patients
with diabetes and CKD demonstrating that ACE-Is and
ARBs protect against kidney failure and increases in
albumin levels.

Individuals with elevated levels of urinary albumin or protein
and diabetes have some of the highest rates of cardiovascular
events and kidney failure of any group with CKD. For
367
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example, in IDNT and the Reduction of Endpoints in
NIDDM with the Angiotensin II Antagonist Losartan
(RENAAL) trial, the annual risk of the kidney and cardiovascular end points all approached 10%.182,184,259–261

RCTs. Several RCTs have provided high-quality evidence,
both in type 1 diabetes269 and type 2 diabetes,182,184 that
ARBs and ACE-Is reduce the risk of kidney outcomes270 as
compared to placebo or a dihydropyridine calcium-channel
blocker,184 although no clear effect on cardiovascular outcomes has been established (possibly due to inadequate
power) (see Supplementary Tables 37–42 online). However, applicability of study findings to the entire CKD and
diabetes population is somewhat limited, because major
studies have excluded patients with clinically significant
CVD. There is high-quality evidence from trials of high-risk
individuals from the general population showing that ARBs
and ACE-Is improve cardiovascular outcomes,185,271–276
including in patients with diabetes.277,278 But these studies
did not focus on patients with clinically significant
albuminuria. In contrast, there was no benefit of ACE-Is as
compared to diuretic therapy in the CKD and diabetic
subgroups in ALLHAT,279 although, again, few of the study
patients were likely to have had frank albuminuria. Moreover,
ALLHAT showed clear BP differences in favor of diuretic
therapy over ACE-Is, making the comparison between the
two groups somewhat difficult. As the RCT data in this
population is strong and consistent, the level of evidence is
high (see Supplementary Table 37 online). The decision on
the grade of this recommendation statement (1B) was made
by a majority vote. The minority of Work Group members
supported an evidence grade of A.
The choice between an ACE-I and an ARB in CKD
patients is controversial. In general, the evidence for kidney
outcomes that supports the use of ACE-Is is older and applies
largely to type 1 diabetes, whereas the evidence supporting
the use of ARB comes from more recent trials in type 2
diabetes. For cardiovascular protection in patients with
diabetes, the evidence largely points to ACE-Is. The available
data are consistent, suggesting the effects of both classes of
agents are likely to be similar. Cost and availability may be an
important consideration in some countries. However, extrapolations within and between drug classes must be made
with care: within-class effects on hard outcomes may differ
substantially and may depend on the dose, making
extrapolation to other drug classes problematic. A 2004
meta-analysis concluded that there was insufficient evidence
on the relative effects of ACE-Is versus ARBs on survival.280
We were unable to find trials directly comparing ACE-Is and
ARBs in patients with diabetes and albuminuria. No clear
difference between the effects of the two classes of drugs was
found in the large Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint (ONTARGET)
trial involving people at high cardiovascular risk, including
subgroups with diabetes or CKD.281,282 However, this study
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was not powered to make this comparison, so a real
difference remains possible.
The data are even more scarce regarding the effects of other
drug classes on outcomes in patients with diabetes and
proteinuria. In IDNT, patients with proteinuria were randomized to irbesartan, amlodipine, or placebo. Amlodipine did
not significantly affect the risk of kidney or cardiovascular
events as compared to placebo and was clearly inferior to
irbesartan for the prevention of kidney outcomes.184 Aldosterone antagonists can reduce the risk of proteinuria in nondiabetic CKD patients109,283 and in patients with diabetic
nephropathy,108 but adequately powered studies are lacking.
In the opinion of the Work Group, ACE-Is and ARBs
are likely to be similarly effective in improving outcomes
in patients with diabetes and proteinuria. Practitioners
should therefore base prescribing decisions on the evidence
available for each class, the risk of side effects, and cost
considerations.
RESEARCH RECOMMENDATIONS
K

K

K

K

K

K

K

Prospective RCTs of a risk-based approach to the
reduction of cardiovascular risk and kidney end points
are encouraged.
Studies comparing various BP intervention thresholds
and targets among patients with diabetes, with or
without an increased urinary AER, and with or without
a reduced GFR are needed.
Studies in which drug dose is titrated on the basis of the
urine albumin level (or change in GFR) are needed.
Studies on the effects of non-dihydropyridine calciumchannel blockers on long-term outcomes are needed.
Prospective studies of add-on therapy (consisting of
thiazides, aldosterone antagonists, or DRIs) and reduction of sodium chloride intake on the effects of ACE-Is or
ARBs in patients with diabetes and CKD are encouraged.
Prospective studies of the combination of ACE-Is and
ARBs in patients with diabetes and CKD are encouraged.
Prospective studies of different target BP levels stratified
by GFR are encouraged.

DISCLAIMER

While every effort is made by the publishers, editorial board,
and ISN to see that no inaccurate or misleading data, opinion
or statement appears in this Journal, they wish to make it
clear that the data and opinions appearing in the articles and
advertisements herein are the responsibility of the contributor, copyright holder, or advertiser concerned. Accordingly,
the publishers and the ISN, the editorial board and their
respective employers, office and agents accept no liability
whatsoever for the consequences of any such inaccurate or
misleading data, opinion or statement. While every effort is
made to ensure that drug doses and other quantities are
presented accurately, readers are advised that new methods
and techniques involving drug usage, and described within
this Journal, should only be followed in conjunction with the
drug manufacturer’s own published literature.
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SUPPLEMENTARY MATERIAL

Supplementary Table 37. Evidence profile of RCTs examining the effect
of ACEI or ARB vs. placebo in patients with CKD and DM.
Supplementary Table 38. RCTs examining the effect of ACEI or ARB vs.
placebo in patients with CKD and DM [categorical outcomes].
Supplementary Table 39. RCTs examining the effect of ACEI or ARB vs.
placebo in patient with CKD and DM [continuous outcomes].
Supplementary Table 40. Evidence profile of RCTs examining the effect
of ACEI or ARB vs. dihydropyridine CCB in patients with CKD and Type
2 DM.
Supplementary Table 41. RCTs examining the effect of ACEI or ARB vs.
dihydropyridine CCB in patients with CKD and Type 2 DM [categorical
outcomes].
Supplementary Table 42. RCTs examining the effect of ACEI or ARB vs.
dihydropyridine CCB in patients with CKD and Type 2 DM
[continuous outcomes].
Supplementary Table 43. Evidence profile of RCTs examining the effect
of ACEI vs. ARB in patients with Type 2 DKD.
Supplementary Table 44. RCTs examining the effect of ACEI vs. ARB in
microalbuminuric patients with CKD and Type 2 DM [categorical
outcomes].
Supplementary Table 45. RCTs examining the effect of ACEI vs. ARB in
microalbuminuric patients with CKD and Type 2 DM [continuous
outcomes].
Supplementary Table 46. Evidence profile of RCTs examining the effect
of ARB vs. ARB in patients with CKD and DM.
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Supplementary Table 47. RCTs examining the effect of ARB vs. ARB in
overtly albuminuric patients with CKD and Type 2 DM [categorical
outcomes].
Supplementary Table 48. RCTs examining the effect of ARB vs. ARB in
overtly albuminuric patients with CKD and Type 2 DM [continuous
outcomes].
Supplementary Table 49. RCTs examining the effect of DRI þ ARB vs.
placebo þ ARB in microalbuminuric patients with CKD and Type 2
DM [continuous outcomes].
Supplementary Table 50. RCTs examining the effect of dihydropyridine
CCB vs. placebo in overtly albuminuric patients with CKD and Type 2
DM [categorical outcomes].
Supplementary Table 51. RCTs examining the effect of aldosterone
antagonist þ ACEI vs. placebo þ ACEI in patients with CKD and
Type 2 DM [continuous outcomes].
Supplementary Table 52. RCTs examining the effect of endothelin
antagonist vs. endothelin antagonist in patients with CKD with Type
2 DM [categorical outcomes].
Supplementary Table 53. RCTs examining the effect of endothelin
antagonist vs. endothelin antagonist in patients with CKD with Type
2 DM [continuous outcomes].
Supplementary material is linked to the online version of the paper at
http://www.kdigo.org/clinical_practice_guidelines/bp.php
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Chapter 5: Blood pressure management in kidney
transplant recipients (CKD T)
Kidney International Supplements (2012) 2, 370–371; doi:10.1038/kisup.2012.55

INTRODUCTION

This chapter addresses the management of BP in adults
with non–dialysis-dependent CKD who have received a
kidney transplant (CKD T). There is insufficient evidence
to make recommendations specific to children with a kidney
transplant.

5.2: In adult kidney transplant recipients, choose a BPlowering agent after taking into account the time
after transplantation, use of calcineurin inhibitors,
presence or absence of persistent albuminuria, and
other co-morbid conditions. (Not Graded)
RATIONALE

5.1: We suggest that adult kidney transplant recipients
whose office BP is consistently 4130 mm Hg systolic
or 480 mm Hg diastolic be treated to maintain a
BP that is consistently r130 mm Hg systolic and
r80 mm Hg diastolic, irrespective of the level of
urine albumin excretion. (2D)
RATIONALE

In adult kidney transplant recipients we consider two
primary outcomes from the standpoint of BP: graft function
and CVD. High BP is well recognized as an important
risk factor for both decline in graft function and development of CVD.153,284–288 Increased levels of both systolic
and diastolic BP are associated with worse graft survival over
a 7-year period after transplantation,289 and maintaining a
systolic BP o140 mm Hg at 3 years after transplantation is
associated with improved graft survival and reduced
cardiovascular mortality at 10 years.290 Similarly, high BP is
associated with an increased risk of graft loss and all-cause
mortality.291
Although no RCT defines BP targets in adult kidney
transplant recipients for clinically important end points
such as graft survival, cardiovascular events, or all-cause
mortality, our suggestion is that the BP target should not
deviate from the recommended target of r130/80 mm Hg as
defined in the recent KDIGO Clinical Practice Guideline for
the Care of Kidney Transplant Recipients,292 since there have
been no recent data to contradict this recommendation.
Although the European Best Practice Guidelines for Renal
Transplantation 2002 recommended a target BP r125/
75 mm Hg in proteinuric patients, there is no evidence to
differentiate BP target based on albumin excretion in renal
transplant recipients.293 Because adult CKD T patients are at
high risk for both graft loss and development of CVD,284–288
we favor a target of r130/80 mm Hg rather than a target of
r140/90 mm Hg. We recognize that this recommendation is
based on observational data and have therefore given it a
grade of 2D.
370

BP-lowering agents are prescribed in 70 to 90% of kidney
transplant recipients, according to both registry reports and
RCTs.294,295 There are many considerations in choosing antihypertensive drugs for use in adult kidney transplant
recipients. These include side effects that are also seen in the
general population, side effects particular to kidney transplant
patients (e.g., increased propensity to hyperkalemia or anemia
with ACE-Is or ARBs), level of urine albumin, degree of
hemodynamic stability and the associated potential to alter
graft perfusion (especially in a period soon after transplantation), co-morbid conditions that may indicate or preclude
certain agents, interactions with immunosuppressive medications or other medications unique to patients with kidney
transplant patients, and long-term impact on graft function,
CVD, and all-cause mortality.296 Because of these considerations and the absence of large trials with clinically important
outcomes, there is marked variability in the prescription of
cardioprotective medications after transplantation.294
Short-term RCTs (of duration r2 years) suggest a
beneficial effect of calcium-channel blockers, as compared
with either placebo or ACE-Is, with regard to level of kidney
function.297–300 In addition, a recent meta-analysis of RCTs
indicated that the use of calcium-channel blockers, versus
placebo or no treatment (plus additional agents in either
arm, as needed) was associated with a 25% lower rate of graft
loss (relative risk [RR] 0.75; 95% CI 0.57–0.99) and higher
GFR (by 4.5 ml/min; 95% CI 2.2–6.7).301 These findings
prompted the Canadian Society of Transplantation and
Canadian Society of Nephrology to question the recommendation from the 2009 KDIGO Clinical Practice Guideline for
the Care of Kidney Transplant Recipients to use any class of
antihypertensive agent after kidney transplantation.292,302
Most transplantation centers prefer to use dihydropyridine
calcium-channel blockers for initial therapy after transplantation, since these agents dilate afferent arterioles and
counteract the vasoconstrictive effect of CNIs298,303 (Supplementary Tables 54–59 online). However, non-dihydropyridines might interfere with the metabolism and excretion of
Kidney International Supplements (2012) 2, 370–371
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the CNIs cyclosporine and tacrolimus, as well as the mTOR
inhibitors sirolimus and everolimus. When renal transplant
recipients are prescribed non-dihydropyridine calciumchannel blockers, careful monitoring of CNIs and mTOR
inhibitors blood levels is required if drugs or dosages are
changed.
ACE-Is and ARBs are known to have acute hemodynamic
effects, resulting in an increase in SCr level, and are therefore
frequently avoided within the first 3 to 4 months after
transplantation, when acute rejection is a strong possibility,
and an increase in creatinine level can be difficult to
interpret.298,304,305 Side effects of ACE-Is and ARBs when
used soon after transplantation include increased creatinine
levels, hyperkalemia, and anemia. One study showed that
although 44% of patients were receiving ACE-Is or ARBs at
the time of transplantation, the proportion dropped to 12% at
1 month and subsequently increased to 24% at 6 months.294
In the longer term, especially in kidney-transplant patients
with persistent albuminuria, ARBs and ACE-Is should be
considered. Two analyses of registry data have been
published, with one showing a benefit and the other no
benefit with the use of ACE-Is or ARBs for graft and patient
survival.306,307 Small trials have examined various agents to
lower BP in kidney-transplant patients. One examined
losartan, captopril, and amlodipine and noted no change in
BP or kidney function between baseline and end of follow-up.
ACE-Is and ARBs did, however, reduce the risk of
proteinuria, as compared with a calcium-channel blocker308
(Supplementary Table 60 online).
The Study on Evaluation of Candesartan Cilexetil after
Renal Transplantation (SECRET) was an RCT of candesartan
versus placebo.309 The primary outcome was all-cause
mortality, cardiovascular morbidity, or graft failure. Enrollment of 700 patients was planned, but unfortunately, the
study was terminated prematurely due to lower-thanexpected event rates after enrollment of 502 participants
because only 26 events took place in the 20 months of followup (with no difference in frequency between the two arms),
whereas 210 events had been predicted over 3 years. Although
there was slightly better BP control in the active group versus
the control group (mean BP, 131/80 mm Hg vs. 137/
83 mm Hg, respectively), the relatively tight BP control in
both arms might have contributed to the low event rate. The
protein excretion rate decreased in the ARB arm and
increased in the placebo arm, but this difference may have
been influenced by the different achieved BP levels (Supplementary Tables 61–62 online).
A large Canadian RCT of ramipril versus placebo is
ongoing.310 It will enroll 528 kidney-transplant patients who
underwent transplantation 46 months previously, have
protein excretion of 40.2 g per 24 hours, and have a GFR
20–55 ml/min/1.73 m2. Outcomes will include doubling of
SCr level, kidney failure, and death.
Because no large studies with clinically important outcomes have been completed, we have chosen to follow the
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recommendations of the KDIGO Clinical Practice Guideline
for the Care of Kidney Transplant Recipients292 and to provide
an ungraded statement.

RESEARCH RECOMMENDATIONS

RCTs are needed to determine:
K The optimal target BP for adult patients with kidney
transplants with a focus on clinically important outcomes
such as graft survival, CVD, and mortality.
K The effects of ACE-Is and ARBs versus placebo, ACE-Is
and ARBs versus calcium-channel blockers, and calciumchannel blockers versus placebo regarding long-term graft
survival, CVD, and patient survival.

DISCLAIMER

While every effort is made by the publishers, editorial board,
and ISN to see that no inaccurate or misleading data, opinion
or statement appears in this Journal, they wish to make it
clear that the data and opinions appearing in the articles and
advertisements herein are the responsibility of the contributor, copyright holder, or advertiser concerned. Accordingly, the publishers and the ISN, the editorial board and
their respective employers, office and agents accept no
liability whatsoever for the consequences of any such
inaccurate or misleading data, opinion or statement. While
every effort is made to ensure that drug doses and other
quantities are presented accurately, readers are advised that
new methods and techniques involving drug usage, and
described within this Journal, should only be followed in
conjunction with the drug manufacturer’s own published
literature.

SUPPLEMENTARY MATERIAL

Supplementary Table 54. Evidence profile of RCTs examining the effect
of ACEI or ARB vs. CCB in transplant recipients without DM.
Supplementary Table 55. RCTs examining the effect of ACE or ARB vs.
CCB in transplant recipients with CKD without DM [categorical
outcomes].
Supplementary Table 56. RCTs examining the effect of ACE or ARB vs.
CCB in transplant recipients with CKD without DM [continuous
outcomes].
Supplementary Table 57. Evidence profile of RCTs examining the effect
of CCB vs. placebo in transplant recipients without DM.
Supplementary Table 58. RCTs examining the effect of CCB vs. placebo
in transplant recipients [categorical outcome].
Supplementary Table 59. RCTs examining the effect of CCB vs. placebo
in transplant recipients without DM [continuous outcome].
Supplementary Table 60. RCTs examining the effect of ACE vs. ARB in
hypertensive transplant recipients without DM [continuous outcomes].
Supplementary Table 61. RCTs examining the effect of ARB vs. placebo
in transplant recipients [categorical outcome].
Supplementary Table 62. RCTs examining the effect of ARB vs. placebo
in transplant recipients without DM [continuous outcome].
Supplementary material is linked to the online version of the paper at
http://www.kdigo.org/clinical_practice_guidelines/bp.php
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INTRODUCTION

This chapter addresses the management of BP in children
(defined as 18 years or younger, although chronological age
does not necessarily parallel biological or social development).
Children with non-dialysis-dependent CKD (CKD ND) differ
from adults in the etiologies of CKD, definition of hypertension, and CKD associated co-morbidities. As cardiovascular
end points such as myocardial infarction, stroke, or cardiovascular death are rare, effects of high BP and its treatment on
kidney outcomes (e.g., lowering of GFR, initiation of dialysis,
or transplantation) and target-organ damage are relevant end
points in studies of children with CKD, although in the
longer-term, CVD has a more important role.
Elevated BP and high BP are common in children with
CKD, but RCTs of various treatment agents or targets are
scarce. Observational studies and registry data311–315 demonstrate that more than half of children with CKD have high BP
based upon a casual BP reading. Observational data also
suggest that hypertensive children with CKD progress to
kidney failure significantly faster than normotensive children
with CKD.313 In studies of young adults with kidney failure
whose kidney disease began in childhood, the risk of
cardiovascular death is extremely high.316,317 Sudden cardiac
death is the main cause of cardiac death in these
individuals.318
In light of the high prevalence and substantial morbidity
associated with elevated BP in children with CKD, we
systematically reviewed the existing literature and previously
published guideline statements regarding the management of
elevated BP in this vulnerable population. As RCTs are
considered to provide the strongest evidence for CPGs, we
reviewed RCTs with kidney and cardiovascular outcomes in
which children with CKD was the study population. We
supplemented this limited RCT evidence with information
obtained from case series, cohort studies, and previous
guideline statements on BP in healthy children and children
with CKD. We further described the evidence base in detail in
the narrative following each recommendation statement.
The strict evidence-based approach of formulating
recommendations may have resulted in statements that do
not include some commonly accepted treatment practices in
children. The rationale for this approach is that we do not
wish to provide guideline recommendations and discourage
research in areas where evidence is weak. The research
recommendations listed at the end of the chapter illustrate
areas where more evidence is needed.
372

BACKGROUND
Definitions. For this Guideline, the age range for children

is defined as from birth through 18 years. The preferred
method of BP measurement in children is auscultation, and
reference tables for BP percentiles for age, sex, and height can
be accessed at the National Heart, Lung, and Blood Institute’s
Fourth Report on the Diagnosis, Evaluation, and Treatment of
High BP in Children and Adolescents at http://www.nhlbi.
nih.gov/health/prof/heart/hbp/hbp_ped.pdf.319
Throughout this guideline when we refer to thresholds
or targets for BP therapy, we are referring to manual,
auscultatory measurements of both systolic and diastolic
BP unless otherwise specified. Correct BP measurement
requires a cuff that is appropriate to the size of the child’s
upper arm and elevated BP must be confirmed on repeated
visits. In deciding on treatment, unless severe hypertension
is present, an individual’s BP level should be determined as
an average of multiple BP measurements taken over weeks
to months.319 Current recommendations suggest that
measurements obtained by oscillometric devices that
exceed the 90th percentile for age, sex, and height should be
repeated by auscultation.319 Detailed descriptions of
appropriate BP measurement techniques in children and
the strengths and limitations of various BP measurement methods in children with CKD have been detailed
previously in the KDOQI Clinical Practice Guidelines
on Hypertension and Antihypertensive Agents in Chronic
Kidney Disease, Guideline 13: Special Considerations in
Children.1
Although there is insufficient trial evidence to recommend
the use of ABPM in this Guideline, by virtue of frequent
measurement and recording, ABPM allows the practitioner
to compute the mean BP during the day, night, and over 24
hours, as well as to assess the time in which BP exceeds the
upper limit of the normal range (i.e., the BP load). A number
of reviews and guidelines suggest that in children with CKD,
ABPM is a particularly useful tool to assess BP patterns.320–322
In children, ABPM can be particularly useful, as a significant
number of patients have masked hypertension and would not
be recognized as having hypertension based on the outpatient
measurements only. A few studies using ABPM in patients
with CKD suggest that it may give a better measure of overall
BP and better indicate risk for kidney disease progression
than office BP measurement.12,77,323 In fact, the only large
RCT of BP control in children with CKD used ABPM as the
method for BP assessment.14 Further research may elucidate
Kidney International Supplements (2012) 2, 372–376
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that future guidelines for therapy should be based on ABPM,
rather than office based measures that are commonly used
today. We have not recommended ABPM targets in this
Guideline as ABPM is currently expensive and not readily
available as routine clinical care in many settings.
6.1: We recommend that in children with CKD ND, BPlowering treatment is started when BP is consistently
above the 90th percentile for age, sex, and height. (1C)
RATIONALE

CVD has long been recognized as a substantial cause of late
morbidity and mortality in individuals with onset of CKD
during childhood.324 The majority of children with CKD are
hypertensive,312 and a substantial proportion show evidence
of target-organ damage associated with both masked and
confirmed hypertension in a dose–dependent fashion.325
However, few RCTs directly comparing thresholds for
initiation of BP treatment (vs. no treatment) or targets of
BP treatment to prevent or reverse target-organ damage have
ever been performed in children with CKD.
Observational studies of healthy children suggest that
persistent elevations in BP are associated with significant late
sequelae. In cross-sectional studies, elevated BP is associated
with evidence of target-organ damage, including left
ventricular hypertrophy and increased carotid intimal–medial
thickness.326 In longitudinal analysis from the Bogalusa Heart
Study, high systolic or diastolic BP was associated with an
increased risk of developing kidney failure during long-term
follow-up,327 and high childhood BP was an independent
predictor of increased ankle–brachial pulse wave velocity in
young adults.328 Persistently elevated BP in the young has
been associated with decreased measures of carotid artery
elasticity.329
In healthy children, in the absence of long-term data linking
specific BP levels with adverse cardiovascular or kidney events,
hypertension is defined on the basis of a population-based
distribution. Specifically, hypertension is defined as average
systolic BP or diastolic BP that is greater than or equal to the
95th percentile for sex, age, and height on three or more
occasions.319 In healthy children, the goal of anti-hypertensive
treatment is reduction of the BP to below the 95th percentile,
unless concurrent conditions are present. CKD is considered
such a concurrent condition. In children with CKD, according
to the Fourth Report on the Diagnosis, Evaluation, and Treatment of High BP in Children and Adolescents, the BP should be
lowered to below the 90th percentile (http://www.nhlbi.nih.
gov/health/prof/heart/hbp/hbp_ped.pdf).319 The rationale for
this approach is similar to the recommended treatment of
hypertension in adults with additional cardiovascular risk
factors or co-morbid conditions.
A number of expert panels have reviewed the existing
literature and made similar recommendations. The National
High Blood Pressure Education Program Working Group on
High BP in Children and Adolescents has recommended
initiating pharmacologic therapy for BP above the 90th
Kidney International Supplements (2012) 2, 372–376

percentile if a compelling indication such as CKD is
present.319 In 2004, the NKF KDOQI Clinical Practice
Guidelines on Hypertension and Antihypertensive Agents in
Chronic Kidney Disease1 recommended that the target BP in
children with CKD should be lower than the 90th percentile
for normal values adjusted for age, sex, and height or o130/
80 mm Hg, whichever is lower. Similarly, the Cardiovascular
Risk Reduction in High-Risk Pediatric Patients report330
listed children with CKD or kidney failure as a pediatric
population at high risk for CVD, for which a target BP below
the 90th percentile for age, sex, and height is suggested.
According to that consensus statement, CKD is considered a
coronary heart disease equivalent for which the treatment
recommendations are similar to those in secondary prevention guidelines for adults with established coronary disease.
Among children with CKD, observational data have
shown that those with hypertension (i.e., BP above the 95th
percentile) have a more rapid decline in estimated GFR than
those without hypertension.313,331 In a study by the European
Study Group of Nutritional Treatment of Chronic Renal
Failure in Childhood, children with a systolic BP
4120 mm Hg had a significantly faster decline in GFR.332
In children who have received a kidney transplant, hypertension is a strong predictor of accelerated GFR decline333 and
graft loss.334,335 Preliminary data from the ongoing observational Chronic Kidney Disease in Children (CKiD) study
show that, among 425 children with repeated measures of
GFR, having systolic BP above the 90th percentile for age, sex,
and height is associated with faster progression of CKD as
compared with lower BP.336 In this cohort, the annualized
percent change in GFR among those with systolic BP above
the 90th percentile was 7.5 ml/min/1.73 m2 (95% CI
16.6–0.1), compared to 3.8 (95% CI 11.8–3.8) in those
with systolic BP between the 50th and 90th percentiles and
2.5 (95% CI 8.9–3.9) in those with systolic BP below the
50th percentile. In the ESCAPE trial (described in detail in the
next section), the kidney survival rate was 66% during
follow-up among those with systolic BP below the 90th
percentile but only 41% among those with systolic BP above
the 90th percentile (P ¼ 0.0002). In ESCAPE, a diastolic BP
below the 90th percentile was associated with a kidney
survival rate of 67%, compared to 28% among those
with diastolic BP above the 90th percentile (Po0.0001)
(F. Schaefer and E. Wuhl, personal communication). On the
basis of the RCT evidence, observational data, and other
guidelines, the Work Group graded this recommendation as
1C. The quality of evidence was graded as C because the RCT
evidence is limited to inferred evidence from one trial.

6.2: We suggest that in children with CKD ND (particularly those with proteinuria), BP is lowered to
consistently achieve systolic and diastolic readings
less than or equal to the 50th percentile for age, sex,
and height, unless achieving these targets is limited
by signs or symptoms of hypotension. (2D)
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RATIONALE

The evidence for this recommendation comes largely from the
ESCAPE trial,14 which showed a benefit in slowing CKD
progression by targeting 24-hour MAP by ABPM to less than
the 50th percentile for age, height and sex. Secondary analysis
of the data suggested the effect was stronger in proteinuric
children with CKD. (See Supplementary Tables 63–64 online).
Based largely on the ESCAPE results, the European Society of
Hypertension guidelines recently recommended that in
children with CKD, BP targets should be below the 50th
percentile in the presence of proteinuria and below the 75th
percentile in the absence of proteinuria.337 In the European
Society of Hypertension guidelines, the rationale for choosing
the 75th percentile as a threshold in children with CKD
without proteinuria is based on a re-analysis of ESCAPE
results, examining kidney outcomes according to achieved
24-hour mean BP level. Since the 75th percentile was not an
original targeted intervention in the ESCAPE trial, and the
trial was not powered to detect differences by levels of
proteinuria in recruited subjects, we have not made a separate
specific recommendation distinguishing between the presence
and absence of proteinuria for target BP levels for children
with CKD, but this is an important area for future study.
Our guideline includes a statement of caution in
aggressively pursuing low BP targets in children with CKD.
We recognize that children are particularly susceptible to
intercurrent illnesses, gastroenteritis and dehydration, and
aggressive use of BP lowering medications in polyuric and
dehydrated patients can lead to hypotension and alterations
in renal perfusion. Clinicians who prescribe anti-hypertensive
medications, particularly ACE-Is and ARBs in children need
to be aware of the risk of drug toxicity in children susceptible
to intravascular dehydration. Clinicians should consider
discontinuing the drugs in the presence of acute diarrhea.338
Additionally we recognize that reaching a target of less than
the 50th percentile BP may be quite difficult in some children
with CKD. The risks of polypharmacy have to be weighed
against the potential benefits of achieving lowered BP.
In the ESCAPE trial,14 468 hypertensive children with a
24-hour MAP above the 95th percentile for age, sex, and
height, and a GFR (based on the Schwartz formula) of
15–80 ml/min/1.73 m2, received ramipril at a fixed dose of
6 mg/m2/day and were randomized to target a 24-hour MAP,
measured by means of ABPM, of either between the 50th and
90th percentile or below the 50th percentile. Additional antihypertensive agents, except for other antagonists of the
RAAS, were added at the discretion of the local provider to
achieve the target BP.
In this study—the largest prospective RCT of BP therapy
in children with CKD to date—fixed-dose ramipril and a
lower therapeutic BP target (MAP below the 50th percentile
for age, sex, and height by ABPM delayed the progression to
kidney failure. There were no differences in the frequency or
types of adverse events between the intensified and conventional BP target arms in the trial. In subsequent stratified
analyses, the effects were more pronounced in children with
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glomerulopathy and kidney hypodysplasia or dysplasia. There
was no evidence of improved outcomes in individuals with
hereditary nephropathies or other congenital causes of kidney
disease other than aplasia or dysplasia, although there were
relatively few individuals in these subgroups. Additionally, in
stratified analyses, the efficacy of the intensified BP control
intervention was most marked in children with a urine PCR
of 4150 mg/g (415 mg/mmol) (see supplement of Wuhl
et al.14).
Data presented at the American Society of Nephrology
2010 annual meeting from the observational CKiD study336
also shows slower progression of decline in kidney function
in individuals with auscultatory manual BP below the 50th
percentile for age, sex, and height as compared to individuals
with BP between the 50th and 90th percentile and those with
BP above the 90th percentile. BP in this study is measured
according to a standard protocol at annual study visits with
an aneroid device.
BP targets in children with CKD should be individualized on
the basis of susceptibility to hypotension. Many causes of
childhood CKD include diagnoses associated with salt and water
losses in the urine. As such, the risk of hypotension associated
with aggressive BP control should temper the ramping-up of
BP-lowering medication to reach a low BP target.
6.3: We suggest that an ARB or ACE-I be used in children
with CKD ND in whom treatment with BP-lowering
drugs is indicated, irrespective of the level of
proteinuria. (2D)
RATIONALE

This recommendation is based on published experience with
these agents in children with hypertension, showing the drugs
to be safe and effective in lowering BP and to confer a benefit
for slowing CKD and reducing urine protein levels in adults
with CKD. However in teenage girls, pregnancy testing and
the use of birth control prior to and during ACE-I/ARB
therapy need to be considered. Additionally, as mentioned
above, discontinuing these agents during episodes of
diarrheal illness and dehydration should be considered.338
ACE-Is or ARBs should be the preferred choice in treating
proteinuric CKD (see Chapters 3 and 4). Multiple studies in
adults with CKD have shown renoprotection with the use of
ACE-Is or ARBs. RAAS antagonists preserve kidney function
not only by lowering BP but also by means of anti-proteinuric,
anti-fibrotic, and anti-inflammatory properties. In the ESCAPE
trial described above, on the basis of previous research in
adults, the children in both arms of the intervention received a
fixed, maximum dose of the ACE-I ramipril.323 Further BP
lowering was achieved through the addition of other medications at the discretion of the local provider.
Others have recommended ACE-Is or ARBs as first-line
agents in treating children with CKD and high BP,339
particularly in those with proteinuria.340 The recently
released European Society of Hypertension guidelines337
assert that ‘it is reasonable to recommend agents blocking
Kidney International Supplements (2012) 2, 372–376
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the renin–angiotensin system as first choice in proteinuric,
and also in non-proteinuric patients with CKD.’ However, limited direct evidence from clinical trials is available
with which to assess the efficacy of RAAS in children with
CKD. In healthy children with hypertension, a number
of clinical trials have examined the safety and efficacy of
ACE-Is.341–345 Small, uncontrolled studies have shown stable
kidney function in children with CKD treated with ACE-Is
or ARBs.346–348 Kidney dysfunction that is hemodynamic in
origin has been more commonly associated with the use of
ACE-Is and ARBs than with other anti-hypertensive agents.
Additionally, since elevations in serum potassium levels have
also been observed, counselling about potassium intake and
addition of thiazide or loop diuretics are sometimes
advised.339
Although analysis of registry data from the ItalKid
Project database failed to show clear evidence of ACE-I
efficacy in slowing the progression of CKD,311 other
observational evidence shows that ACE-Is are associated with
lower urine protein levels349 and that BP control in childhood
CKD is superior with anti-hypertensive regimens containing
an ACE-I or ARB.312 In a small trial, an ARB was more
effective at lowering urine protein levels than a calciumchannel blocker.350 The only study to date that has compared
ACE-Is and ARBs in children found that urine protein levels
were similarly reduced with the ACE-I enalapril and the ARB
losartan.351
As in adults, ARBs may be more tolerable than ACE-Is in
children, with fewer adverse events such as cough, angioneurotic edema, and hyperkalemia—but this has not been
systematically studied in large trials. Combination therapy
with ACE-Is and ARBs may be used for additive antiproteinuric and renoprotective effects, but this approach has
rarely been studied in children. Small randomized trials of
combinations of ACE-Is and ARBs in children with CKD
demonstrate significant reductions in urine protein levels as
compared to the use of only one of the drug classes.335,352
However, further study of long-term outcomes and safety
data are necessary.
Use of ACE-Is and ARBs should be individualized on the
basis of susceptibility to hypotension and of the risk of
pregnancy in young women of child-bearing age. ACE-Is and
ARBs are labelled by the US FDA as pregnancy category C for
the first 3 months of pregnancy and category D for the last
6 months (the second and third trimesters). Pregnancy
category C means that a risk may exist but its magnitude is
unknown because of a lack of trustworthy studies in pregnant
women, and animal studies either have shown risk in
pregnancy or have not been performed. Pregnancy category
D means that there have been studies in pregnant women
showing that the drug is associated with some risk for the
fetus, but the benefit of the drug may still outweigh that risk
for some patients.84,85
Monitoring for hyperkalemia may be considered in highrisk children as kidney function declines. In the ESCAPE
trial,14 individuals with CKD receiving a high-dose ACE-I
Kidney International Supplements (2012) 2, 372–376

had an increase in mean (±standard deviation [SD]) serum
potassium levels from 4.31±0.52 mmol/l to 4.71±
0.57 mmol/l. The upper limit of the normal range for
children (5.6 mmol/l) was exceeded in 3.3% of tests. In all
but 5 patients, medical management through adjustment of
diet, addition of a diuretic, or prescription of potassiumexchange resins resulted in persistent normalization of serum
potassium levels while the child remained on ACE-I therapy.
ACE-Is and ARBs have similar hemodynamic effects in the
kidney which leads to decrease in GFR. It has been stated that
increases of the SCr level by up to 30% should be expected
and tolerated after initiating therapy with ACE-Is or ARBs in
adults with chronic kidney failure, but children have not been
prospectively studied in this regard.88
Few direct comparisons of classes of anti-hypertensive
agents have been performed in children with CKD. Extensive
reviews of different drugs and classes of anti-hypertensive
agents in children with CKD have recently been published.337,339 There is no clear evidence that one second-line
BP agent is superior to the another in children. In the
ESCAPE trial,14 calcium-channel blockers were used as firstchoice anti-hypertensive co-medication (in 38% of patients),
followed by diuretics (in 36%) and beta-blockers (in 26%),
without differences between the randomization groups.
Other guidelines suggest diuretics or calcium-channel blockers as the most suitable second-line agents.353
LIMITATIONS

In children with CKD, there is a dearth of RCTs; in fact, the
recommendations in this chapter are largely based on a single
trial, ESCAPE, which limits the quality of the evidence and
the strength of the recommendations. The ESCAPE trial was
performed in a predominantly Caucasian population. Therefore, the generalization of these findings to other populations
is uncertain.
RESEARCH RECOMMENDATIONS
K

K

K

Further RCTs are needed to replicate the findings from
ESCAPE and to examine the safety and efficacy of
intensified BP control on slowing CKD progression and
incidence of CVD in children with CKD.
Studies addressing BP targets and comparing home BP
monitoring via oscillometric devices, ABPM, and clinicbased BP monitoring are needed, as are robust ABPM
reference measures in populations of various races and
ethnicities.
Long-term observational studies of the onset of targetorgan damage in children with CKD are necessary to
obtain evidence on which to base thresholds for BP
treatment and targets rather than relying on populationbased percentiles. Large, long-term randomized trials
addressing targets and comparing various agents to
prevent target-organ damage are also necessary to
improve knowledge of the advantages and disadvantages
of specific doses and classes of anti-hypertensive agents in
this population.
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INTRODUCTION

RATIONALE

This chapter specifically addresses the BP management of
older patients with CKD that is non-dialysis-dependent (i.e.,
CKD ND), many of whom have accumulated co-morbidities
associated with aging, including vascular disease, osteoporosis, and general frailty. The term ‘elderly’ is used for persons
Z65 years of age,354 whereas ‘very elderly’ is reserved for
persons 480 years of age, consistent with the terminology
used in the literature reviewed in this chapter.43,149,355,356 In
using these definitions, we recognize that chronological age
is used as a surrogate for biological age, although this
relationship is highly variable.
The elderly comprise the most rapidly growing proportion
of the population in most parts of the world.357 From 30 to
40 years of age, the GFR generally (but not invariably)
declines, and in the older person, tubular and endocrine
dysfunction in the kidney are common.358,359 Combine this
with the increased prevalence of type 2 diabetes mellitus and
high BP among older persons, it is not surprising that the
elderly constitute the most rapidly growing population of
CKD patients.
In population health surveys, a large proportion of the
elderly have a reduced GFR. In the United States, NHANES
1999–2004 data showed that 37.8% of subjects 470 years had
a GFR of o60 ml/min/1.73 m2 (measured using the MDRD
equation); this prevalence had increased from 27.8% in the
NHANES 1988–1994 data.360,361 Nearly 50% of United States
veterans aged 485 years fulfilled the definition for CKD.362
Similarly in China,363 Australia,364 and Japan,365 a high
prevalence of CKD has been found in older populations.
With greater access to health care among the elderly, this
group is the fastest-growing population requiring dialysis,
with 25% and 21.3% of dialysis patients in the United States
and Australia, respectively, being Z75 years of age366,367 and
between 31 and 36% of patients receiving renal replacement
therapy in different regions of the United Kingdom being
465 years of age.368

The relationships between CKD and BP in the elderly in the
United States have recently been reviewed in detail.369 Among
NHANES III (1988–1994) subjects aged Z60 years of age,
either treated or not treated for a high BP, there was a
J-shaped relationship between BP and CKD prevalence. Thus,
persons with a systolic BP of 120 to 159 mm Hg or a diastolic
BP of 80 to 99 mm Hg had the lowest CKD prevalence, with a
higher prevalence associated with a systolic BP o120 mm Hg
or diastolic BP o80 mm Hg and a systolic BP Z160 mm Hg
or a diastolic BP Z100 mm Hg.361 Analyses of data from
the Kidney Early Evaluation Program (KEEP), as well as
NHANES, indicate that with increasing age, there is an
increase in the prevalence and severity of CKD, confirming the
strong relationship between BP and CKD in the elderly.370,371
Despite these findings, there is little evidence on which to
base recommendations for BP management in elderly
patients with CKD. Systematic assessment of the evidence
base underpinning this Guideline shows that many RCTs
excluded patients 470 years of age. The mean age of
participants rarely exceed 65 years with the upper limit of the
95% CI (i.e., the mean±2 SD) very uncommonly being Z85
years, meaning no more than about 2.5% of the study
population had an age above this cut-off point (Supplementary Table 65 online). We therefore cannot draw much direct
evidence from these RCTs to indicate how to properly
manage BP in elderly CKD patients, although some
inferences might be drawn from BP studies in elderly
populations not specifically chosen for the presence of CKD.

7.1: Tailor BP treatment regimens in elderly patients with
CKD ND by carefully considering age, co-morbidities
and other therapies, with gradual escalation of
treatment and close attention to adverse events
related to BP treatment, including electrolyte disorders, acute deterioration in kidney function,
orthostatic hypotension and drug side effects.
(Not Graded)
Kidney International Supplements (2012) 2, 377–381

Measurement of BP in the elderly. Assessment of BP in the
elderly is made more difficult by such common issues as the
presence of atrial fibrillation (as seen in 25% of patients Z 70
years in the Chronic Renal Insufficiency Cohort (CRIC)
study372), orthostatic hypotension44,45 and the tendency for
pulse pressure to widen with arterial stiffening, resulting in
systolic hypertension.32,42,373,374
The literature on management of elderly patients has thus
been focused more on systolic than diastolic BP. There is
relevant observational evidence from the SHEP study.374 In
an analysis of 2181 persons 465 years of age in the placebo
arm of this study, systolic BP was more predictive of decline
in kidney function (i.e., rise in SCr by Z0.4 mg/dl
[35.4 mmol/l] over 5 years) than diastolic BP, pulse pressure,
or MAP. The mean age was 72 years and patients with ‘renal
377
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failure’ were excluded. Among those enrolled, the initial SCr
level was 1.04±0.23 mg/dl (92±20 mmol/l). Hence, most
subjects probably had normal kidney function or CKD
stages 1–3.
CKD in the elderly. There are clear differences in the causes
of CKD when comparing elderly and younger cohorts.375
Autopsy studies indicate that arteriolar sclerosis, global
glomerulosclerosis, and tubular atrophy are more common
in the elderly, as are renal artery stenosis and cholesterol
embolization.376 Although selection bias is likely, a kidney
biopsy series of 413 patients aged 66 to 79 years and 100
patients aged 80 to 89 years showed nephrosclerosis in 34%
of patients 480 years and in 7% of those 66 to 79 yrs.356
According to registries of kidney failure patients, ‘arteriopathic disease’ was the diagnosis in 17 to 38% of patients
commencing dialysis on three continents.375 Although a
discussion as to whether or not nephrosclerosis is an aspect of
kidney aging is beyond the scope of this Guideline, vascular
disease within the kidney is often regarded as a major factor
contributing to decline in kidney function. This predisposition to vascular disease may influence the response of the
aging kidney to low BP and renin–angiotensin blockade, with
the attendant risks of acute reduction in GFR and
hyperkalemia. This has led to questions regarding the safety
of renin–angiotensin-blocking agents such as ACE-Is and
ARBs in the elderly.377–379
GFR estimation in the elderly. Most equations used to
estimate GFR have been primarily developed in younger
populations, although subgroup analyses show that these
equations perform reasonably well in older people380,381.
Co-morbidities. Co-morbidities are frequently present in
the elderly and may influence BP management. Macrovascular
disease is particularly common. This might influence BP
targets or the preferred agents use to control BP, especially if
heart failure, angina, cerebral vascular insufficiency, or
peripheral vascular diseases are prominent. The presence of
heart failure or cardiomyopathy may lead clinicians to initiate
ACE-Is, ARBs,382 beta-blockers,383 or diuretics independently
of BP treatment. Similarly, angina may be an indication for
beta-blockers or calcium-channel blockers. Hypotension
(orthostatic or persistent) due to BP-lowering treatment
may exacerbate the risk of falls and fractures in the elderly,
especially in patients with co-morbidities such as cerebrovascular disease, osteoporosis, or vitamin D deficiency.
Drugs and the elderly. The pharmacology and pharmacodynamics of BP drugs also change with age, mainly because of
reduced GFR, but also due to changes in hepatic function,
volume of distribution, and other issues that are less well
characterized.384 Side-effect profiles may also vary, either
owing to altered end-organ sensitivity to the drugs, comorbidities, or interactions with other medications, such as
diuretics, NSAIDs and COX-2 inhibitors which may accentuate
the adverse kidney effects of renin–angiotensin blockade.384
Goals of BP management in the elderly. It is particularly
important to individualize care in the elderly, bearing comorbidities in mind. A philosophy of patient-centered care
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(rather than disease-directed care) is particularly relevant as
the elderly become very elderly.385 The high likelihood of
elderly patients developing cardiac and cerebrovascular
complications in the context of a high BP, along with
evidence that kidney function may decline more slowly in the
elderly than in younger patients (particularly when the GFR
is Z45 ml/min/1.73 m2),386,387 should lead to a greater
emphasis on vascular rather than kidney outcomes. Moreover, particularly in the very elderly, possible beneficial effects
of therapy on morbidity and mortality should be balanced
against any negative effects on quality of life.388
BP TARGETS IN THE ELDERLY

Although there have been many studies of treatment of high
BP in the elderly, there is little evidence specific to the elderly
with known CKD. Most relevant information comes from
observational studies and RCTs involving entire populations
of older hypertensive patients not specifically chosen on the
basis of kidney function (Supplementary Table 66 online).
‘Renal failure’ or a designated upper limit for the SCr
concentration have been an exclusion criterion in many
studies, reducing the applicability of the data to CKD patients.
A meta-analysis of observational studies conducted prior
to 2002, including nearly 1 million subjects selected for having
no previously known vascular disease, indicated that the rates
of stroke, ischemic heart disease, and overall mortality
increased with increasing BP, even among subjects 60 to 89
years of age, although the RR decreased with increasing age.21
RCTs involving elderly patients not selected for having
CKD indicate that it is beneficial to treat high BP in patients
460 years of age. A 2009 Cochrane review of 15 RCTs in
which persons 460 years of age with a systolic BP
Z140 mm Hg or a diastolic BP Z90 mm Hg at baseline
received either placebo or a BP-lowering agent indicated that
active treatment reduced total mortality (RR 0.90; 95% CI
0.84–0.97) and total cardiovascular mortality and morbidity
(RR 0.72; 95% CI 0.68–0.77), particularly due to a reduction
in the incidence of stroke.389 Withdrawals due to adverse
events were poorly documented, but in three RCTs that did
report these data, treatment was associated with 111 events/
1000 patient-years, as compared with 65 events/1000 patientyears with placebo (RR 1.71; 95% CI 1.45–2.00). Although
these findings support treatment of high BP in subjects 460
years of age, they do not inform us specifically about patients
with CKD nor about the target BP and they suggest that some
patients will have adverse reactions to drug therapy.
Of concern is that in this Cochrane review,389 when
patients aged Z80 years were specifically considered, there
was no overall reduction in the risk of total mortality with
treatment of BP vs. no treatment (RR 1.01; 95% CI
0.90–1.13), although the reduction in risk of cardiovascular
mortality (RR 0.75; 95% CI 0.65–0.87) was similar to that
seen in patients 60 to 80 years of age. This is in accordance
with a 1999 subgroup meta-analysis of seven RCTs representing 1670 patients aged Z80 years (who had participated in
trials of anti-hypertensive agents) indicating that treatment
Kidney International Supplements (2012) 2, 377–381
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vs. no treatment was associated with a decrease in the rates of
strokes, major cardiovascular events and heart failure but,
similar to the Cochrane findings, there was no benefit of
treatment in terms of cardiovascular death or overall
mortality.355 Similarly, a 2010 meta-analysis of 8 RCTs
involving treatment of BP in subjects 80 years and older
found that treatment of high BP reduced the risk of stroke,
cardiovascular events and heart failure, but had no effect on
total mortality.390 Meta-regression analysis suggested that
mortality reduction was achieved in the trials with the least
BP reductions and lowest intensity of therapy. These findings
suggest that there might be deleterious effects resulting from
BP treatment in the very elderly undermining the advantages
brought about by the reduced risk of cardiovascular events.
An observational cohort study involving 4071 hypertensive individuals aged 80 years or older (mainly men, since
they were recruited from the Veterans Affairs Administration) supports this notion.43 All subjects were classified as
‘hypertensive’ according to the International Classification
of Diseases (ICD-9) code, 9.9% as having ‘chronic renal
failure,’ and 84.5% were taking anti-hypertensive medications. A J-shaped relationship between BP and survival
was seen. Patients with BP o130–139 mm Hg systolic or
o70–79 mm Hg diastolic were more likely to die during
5 years of follow-up than those with BP 130–139 mm Hg
systolic or 70–79 mm Hg diastolic. With each further
10 mm Hg decrease in systolic or diastolic BP to
o100 mm Hg systolic or o50 diastolic the risk increased,
suggesting that overly aggressive BP control might be harmful
in this age group.
A series of retrospective analyses of INVEST has further
highlighted the issue of J-shaped relationships between
systolic BP, diastolic BP and outcomes in elderly hypertensive
patients with CAD.40,42,231 The risk of all cause mortality and
myocardial infarction, but not stroke, increased with
reductions in diastolic BP in the patient group as a whole,
all of whom had CAD and were being treated for high BP.40
In elderly patients included in the study, nadirs of risk
occurred at particular systolic and diastolic BP levels, with
the nadirs generally increasing with age. In patients aged
70 to 80 years, risk increased once systolic BP was less than
135 mm Hg or diastolic BP o75 mm Hg, while the risk
increasing when systolic BP was o140 mm Hg or diastolic BP
o70 mm Hg in patients Z80 yrs.42 These relationships may
be due to confounding and should not be used to set BP
targets in this population.
In preparing the evidence review for this guideline, the
ERT found four studies involving elderly patients in which
treating to differing targets for BP was part of the study
design (Supplementary Table 67 online).149,389,391–393 The
Shanghai Trial of Nifedipine in the Elderly (STONE) involved
1632 patients aged 60–79 years with a systolic BP
Z160 mm Hg, or a diastolic BP Z96 mm Hg, who were
randomized to nifedipine or placebo.392 The mean achieved
BP was 147/85 mm Hg in the nifedipine group and 156/
92 mm Hg in the placebo group and although there was no
Kidney International Supplements (2012) 2, 377–381

significant difference in all-cause mortality, there were
reductions in the rates of stroke and severe arrythmia in
the lower-BP nifedipine treated group. Exclusion criteria
included ‘secondary hypertension’ and a blood urea nitrogen
level Z40 mg/dl (14.3 mmol/l).
The Hypertension in the Very Elderly Trial (HYVET),
involving patients 80 years of age or older, provided further
assurance that BP lowering treatment of very elderly patients
with a sustained BP of Z160 mm Hg is beneficial.149,391
Aiming to treat to a target BP of systolic o150 mm Hg and
diastolic o80 mm Hg in the active-treatment group, the
investigators achieved a BP of 145/79 mm Hg with indapamide plus perindopril (if needed), compared to 159/
83 mm Hg with placebo. They demonstrated a reduction in
the rates of all-cause mortality and stroke in the low-BP
active-treatment group over a median 1.8 years of follow-up.
Patients were withdrawn if systolic BP fell to o110 mm Hg.
However, exclusion criteria included secondary hypertension
(which might be of kidney origin) and a SCr level 41.7 mg/
dl (4150 mmol/l) (which represents a GFR of 39 or 37 ml/
min/1.73 m2 for an 80-year-old white man, as estimated by
either the MDRD or CKD Epidemiology Collaboration
(CKD-EPI) equation, respectively and a GFR of 29 or
28 ml/min/1.73 m2 for an 80-year-old white woman as estimated by the MDRD and CKD-EPI equations, respectively).
The mean baseline creatinine levels were 88.6 mmol/l (1.0 mg/
dl) and 89.2 mmol/L (1.0 mg/dl) in the active-treatment and
placebo groups, respectively which were well below the
exclusion level. Accordingly, direct extrapolation of these data
to patients with known advanced CKD is not possible.
Although this evidence provides some reassurance regarding treatment of high BP in the very elderly, it only does
so with respect to treatment to a BP target level of
150/80 mm Hg, and it does not specifically address CKD
patients with a GFR o40 and o30 ml/min/1.73 m2 for men
and women, respectively. Very importantly, however,
the evidence challenges any tendency toward ‘therapeutic
nihilism’ in the very elderly with high BP and CKD 1–3.
Two Japanese studies failed to show any benefit or harm
from reducing systolic BP to o140 mm Hg in otherwise
healthy elderly patients.393,394 The Japanese Trial to Assess
Optimal Systolic Blood Pressure in Elderly Hypertensive
Patients (JATOS) aimed to assess optimal systolic BP in
elderly hypertensive patients and randomized 4418 patients
with ‘essential hypertension’ aged 65 to 85 years with a
systolic BP 4160 mm Hg to ‘strict’ BP control (target systolic
BP o140 mm Hg) or ‘mild’ BP control (target systolic
BP 140–160 mm Hg).393 Patients with SCr of Z1.5 mg/dl
(133 mmol/l) were excluded, as were patients with multiple
co-morbidities. Achieved mean±SD systolic BP was
135.9±11.7 mm Hg in the strict-control group and
145.6±11.1 in the mild-control group (Po0.001), with
significantly more drugs required in the strict-control group.
There was no difference in cerebrovascular, cardiac, or kidney
end points, nor in total mortality between the two groups at
2 years of follow-up. ‘Renal failure’ occurred in 8 and
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9 patients, respectively. Rates of treatment withdrawal due to
adverse events did not differ between the groups.
The Valsartan in Elderly Isolated Systolic Hypertension
(VALISH) study involved 3260 Japanese participants aged 70
to 84 years, with systolic BP Z160 mm Hg.394 Like JATOS,393
this study did not demonstrate any differences in outcomes
or adverse events between the strict-control group (systolic
BP goal o140 mm Hg, achieved mean systolic BP was
136.6 mm Hg) and the moderate-control group (systolic BP
goal 140–150 mm Hg, achieved mean systolic BP was
142.0 mm Hg) after a median follow-up period of 3.07
years.394 Although 43 of the 3260 patients had ‘kidney
insufficiency’ (undefined) at study entry, none had a SCr level
Z2 mg/dl (177 mmol/l) since this was an exclusion criterion,
as were many other co-morbidities. Doubling of the SCr, an
increase in the SCr level to 2.0 mg/dl (177 mmol/l), or dialysis
occurred in 5 and 2 patients, respectively (non-significant).
The authors concluded that in relatively healthy elderly
Japanese patients, a BP o140 mm Hg is safely achievable, but
that the trial was underpowered to assess outcome benefits.
No difference was seen between the two groups in terms of
adverse event rates (18.2% with strict control and 17.9% with
mild control, P ¼ 0.851).
Thus BP targets in the elderly, with or without CKD,
should be set only after consideration of co-morbidities and
should be achieved gradually. Based on the evidence on BP in
the elderly (not selected for CKD), recent guidelines and
consensus documents generally agree that o140/90 mm Hg
should be the target in uncomplicated hypertension.117,395,396
The American College of Cardiology Foundation and
American Heart Association (ACCF/AHA), in collaboration
with a large group of other American and European bodies,
acknowledge in their consensus document on hypertension
in the elderly that although ‘there is limited information for
evidence-based guidelines to manage older hypertensive
patients,’ a target of o140/90 mm Hg is recommended in
uncomplicated hypertension for the age range 65–79 years.395
This document acknowledges that the target for 480 years is
unclear, and refers to expert opinion and observational data
(including KDOQI 2002 and JNC 7) suggesting o130/
80 mm Hg as a target in CKD, irrespective of albuminuria.
From the UK, NICE has published a comprehensive
guideline for management of hypertension in adults which
also recommends BP o140/90 mm Hg for ‘primary’ hypertension up to 80 years of age, and for those over 80 years who are
continuing therapy.117 Caution is recommended when starting
BP medications in those over 80 years of age, and no
recommendation is given with respect to the elderly with CKD.
Although intuitively there must be a lower limit for safe
BP control in the elderly and very elderly, there will probably
never be an RCT designed specifically to address this limit in
these populations. We can, however, gain insights from
observations among elderly patients on treatment as outlined
above.42,43 While these date do not allow us to recommend a
lower BP limit on treatment, they do suggest that in the
elderly, it may be prudent not to reduce BP much below the
380

target BP o140/90 mm Hg as recommended by ACCF/AHA
and NICE.117,395
In addressing the risks associated with low BP in the
elderly, it is relevant that orthostatic hypotension is more
common than in younger populations, particularly among
those treated for high BP or diabetes and those receiving
sedatives.44,45 As well as causing postural dizziness, low BP is
associated with a higher risk of falls and fractures in elderly
persons in studies that are likely to have included individuals
with and without CKD.9,10,358,397 An additional consideration
when treating elderly CKD patients is that they may differ
from those with well preserved kidney function in terms of
their response to BP lowering agents.
The Work Group decided that it was not possible to
recommend specific BP targets in the elderly with CKD. A
reasonable approach might be to use BP targets as recommended in the younger CKD population (r140/90 mm Hg
in non-albuminuric CKD and r130/80 mm Hg in albuminuric CKD as in Chapters 3 and 4), but to reach these targets
gradually, bearing in mind that they may not be achievable
without adverse effects particularly in a patient with multiple
age-related co-morbidities. It is even more difficult to
make recommendations in patients over 80 years of age with
CKD due to the lack of evidence.
With consideration given to the adverse effects of treatment,
the Work Group felt that it was good practice to ask elderly
patients treated for high BP about postural dizziness and to
measure BP immediately (within 1 minute) and a few minutes
after standing as well as in the sitting position.44
METHODS FOR BP REDUCTION IN THE ELDERLY

Lifestyle modifications in the elderly, although often
recommended, can compromise quality of life and may
impair nutrition. The place of salt restriction, exercise and
weight control is detailed in the aforementioned ACCF/AHA
document.395 Given that there is very little evidence to
support lifestyle modifications in the treatment of BP in CKD
patients in general, the Work Group decided not to make any
such recommendations in the elderly with CKD. Although
salt restriction might seem to be the most attractive
intervention, it may impact the quality of life, particularly
enjoyment of food. A recent observational study of elderly
persons (Z65 years of age) does not support alcohol
restriction as an intervention to reduce decline in GFR.398
The Work Group felt that drug regimens should be tailored
by carefully considering the elderly patient’s co-morbidities and
any changes in treatment should be very gradual. Close
attention should be paid to potential adverse events related to
BP treatment, including electrolyte disorders, acute deterioration in kidney function and orthostatic hypotension. Although
many elderly patients with CKD will require several agents,
studies comparing use of various agents in the elderly without
CKD have produced somewhat conflicting results (see Supplementary Tables 66–68 online). The ability of the patient to
adhere to complex poly-pharmacy should be taken into consideration. Some clinicians have expressed concerns about the use
Kidney International Supplements (2012) 2, 377–381
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of drugs that block the renin–angiotensin system in the elderly
with CKD.377–379 This concern is largely due to the perceived
potential for these agents to cause more frequent adverse events
in this population. A recent Cochrane review addressing
pharmacotherapy of all types for treatment of hypertension
in the elderly reported an increased risk of withdrawals due
to adverse effects (RR 1.71; 95% CI 1.45–2.00).389 Since quality
of life is particularly important in the elderly, it may be worth
avoiding drugs that may have negative quality of life
implications, but no clear advice can be given.388,399
Thus given the many differences between the elderly
(particularly the very elderly) with CKD and younger
patients with CKD, it is not possible to recommend any
particular drug class for the reduction of BP in older CKD
patients. However, it is advisable to consider the severity of
CKD, presence of albuminuria, and co-morbidities and their
treatment when prescribing. Therapeutic changes should be
made gradually, with close monitoring for adverse effects due
to low BP or side effects from prescribed agents.
RESEARCH RECOMMENDATIONS

An important NIH funded trial- SPRINT- is currently ongoing
in the United States randomizing patients without diabetes or
significant proteinuria to a systolic BP of o140 mm Hg or
o120 mm Hg. Since it contains both elderly patients and
those with CKD, it is likely to provide important evidence to
guide BP management in this subpopulation.171,172
A workshop on kidney disease including the American
Society of Nephrology, the National Institute on Aging, the
American Geriatrics Society, and the National Institute of
Diabetes and Digestive and Kidney Diseases resulted in the
2009 publication of a list of priority areas for research in
kidney disease in the elderly (Table 3).400 Although BP was
not specifically addressed, it highlighted the many areas of
ignorance regarding CKD in the elderly.
Important areas for future research suggested by this
KDIGO Work Group include:
K The effects of different BP targets (e.g., 150/90 mm Hg vs.
140/90 mm Hg) in elderly and very elderly patients with
advanced CKD (CKD 3–4) should be assessed by prospective RCTs using a fixed-sequential BP-agent protocol
(e.g., diuretic, ACE-I or ARB, beta-blocker, and calciumchannel blocker) excluding only patients with angina or
cardiomyopathy.
K The effect of various combinations of agents in the elderly
and very elderly populations should be examined.
DISCLAIMER
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Table 3 | Questions for future research
Mechanisms and biology
Is CKD in elderly people the same condition as CKD in young adults?
How do age-related mechanisms such as fibrosis and cellular
senescence interact with mechanisms underlying CKD progression?
How much risk for CKD progression is determined by age versus factors
such as AKI?
How does fibrosis versus vessel dropout change with age?
Do age- and CKD-associated changes in vascular biology differ from
other parenchymal kidney disease changes associated with age?
Measurement and prognosis
Are there better ways to estimate GFR in older adults to identify CKD?
What are the morphologic correlates of CKD in elderly people?
Are there other markers that can contribute to assessment of CKD
prognosis in elderly people, beyond GFR and cystatin?
CVD
How do age-related changes in vascular biology contribute to CKDassociated increases in cardiovascular risk?
What are the age-related changes in non-traditional cardiovascular risk
factors in patients with CKD?
Other comorbidities
How do comorbidities differ during the transition from CKD to kidney
failure and need for dialysis?
Can the deterioration in physical functioning and subsequent frailty in
patients with CKD be prevented by physical activity interventions?
How does age interact with exercise in prevention or reduction of
comorbidities associated with CKD progression?
What is the natural history of cognitive impairment associated with CKD
progression, and what happens to cognitive function with the start of
dialysis?
What mechanisms link CKD with cognitive impairment in elderly people?
Are there any interventions to attenuate the development of cognitive
impairment in patients with CKD?
How does preclinical kidney disease relate to other prefrailty risk
factors?
Management and care
How can geriatricians, internists, general family practitioners, and
nephrologists work together to optimize the care of elderly patients
with CKD and kidney failure?
Can age-related declines in kidney function and progression to CKD be
modulated?
AKI, acute kidney injury; CKD chronic kidney disease; GFR, glomerular filtration rate.
Adapted from Anderson S, Halter JB, Hazzard WR et al. Prediction, progression, and
outcomes of chronic kidney disease in older adults. J Am Soc Nephrol 2009;
20: 1199–209 with permission from American Society of Nephrology400 conveyed
through Copyright Clearance Center, Inc.; accessed http://jasn.asnjournals.org/
content/20/6/1199.long.

the consequences of any such inaccurate or misleading data,
opinion or statement. While every effort is made to ensure that
drug doses and other quantities are presented accurately,
readers are advised that new methods and techniques
involving drug usage, and described within this Journal,
should only be followed in conjunction with the drug
manufacturer’s own published literature.
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Supplementary Table 65. Age restriction in all RCTs for DM CKD, nonDM CKD, Transplant and CKD subgroups.
Supplementary Table 66. PICO criteria for blood pressure targets in
elderly studies.
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Supplementary Table 68. PICO criteria for blood pressure agents in
elderly studies.
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INTRODUCTION

In this chapter, we discuss issues regarding BP management
and the use of BP-lowering drugs in CKD patients that are
currently the subject of ongoing research or controversy and
for which there is insufficient evidence upon which to base a
recommendation at this time.
8.1: ASSESSMENT OF BP

The RCTs on which this Guideline is based involved standard
office BP measurements, with the exception of the ESCAPE
trial in children.14 In clinical practice BP assessment typically
involves measurements made in the clinic or ‘office.’ In RCTs,
the protocols for BP measurement usually require one or
more BP readings taken after a period of rest and avoiding
prior activities that may have effects on BP. As far as it is
possible these protocols should be followed in clinical
practice if this evidence is used to guide management. The
techniques for office BP measurement and associated
problems are well described in the hypertension literature.10,143,401 There is no reason to believe that office BP
measurement should be performed differently in CKD
patients than in non-CKD patients, other than a strong
emphasis be placed on measuring supine or sitting and
standing BP because of the increased likelihood of orthostatic
hypotension associated with volume depletion, autonomic
neuropathy, older age, and drug effects.44,45,374,375
Measuring BP in the general community and in particular,
patients with ‘essential’ hypertension, is becoming increasingly
sophisticated. Examples include technologies that assess ‘usual’
BP as distinct from the BP measured at an office visit and new
ways of measuring BP, beyond just systolic and diastolic
pressures. Gradually, these advances are being implemented in
research and BP management in CKD patients.

increased risks of mortality (as in other populations) and of
decline in GFR or kidney failure.11,77,78 As has been found for
non-CKD patients, office BP measurements are commonly
overestimates (in the case of white-coat hypertension) or
underestimates (in the case of masked hypertension) of
‘usual’ BP when compared with ambulatory BP assessments.
A recent paper highlights the interest in ABPM in CKD.79
436 hypertensive CKD patients were prospectively followed
using ABPM and this was shown to be much more accurate
in predicting both renal and cardiovascular outcomes than
office BP. White coat hypertension was common, and ABPM
indicated that non-dipping and reverse dipping of nocturnal
BP were particularly predictive of cardiovascular and renal
outcomes. Future trials are needed to assess the best means of
measuring BP in CKD patients by randomizing patients to
ABPM, home BP or office BP directed therapy and to address
whether evening dosing to encourage ‘dipping’ is advantageous as recently demonstrated in non-CKD hypertensive
individuals.80,81
Given the technical and economic barriers to routine
measurement of ambulatory BP, self-BP recording using
automated BP devices has been introduced because these give
readings that are more in line than with ABPM than those
achieved by office BP measurements.12,402,403
Self-BP measurement and ABPM are being used increasingly in BP management and the devices for measuring them
usually rely on oscillometric assessment of BP at the elbow.
Atrial fibrillation and very high pulse pressures can lead to
inaccuracies and hence, re-calibration against traditional
methods of BP measurement is important.402 While it is
unlikely that self-BP monitoring or ABPM will become part
of mainstream CKD montoring in developing countries in
the near future, they are likely to become more widely used if
further research indicates the value of these techniques in
CKD management.

Ambulatory BP monitoring and self-monitoring at home.

Measurement of pulse pressure and pulse wave velocity.

There is a long history of assessing BP by means other than
the BP measurement taken at an office visit. The ‘gold
standard’ is automated ABPM, the techniques for which have
been well described,10,143,401 and self-monitoring using
automated devices, which is increasingly used. Recommendations and guidelines for the use of ABPM and selfmonitoring are accumulating in the hypertension literature
(Table 4).
There have been a limited number of studies conducted in
CKD patients but data suggest that in CKD, high ABPM
systolic pressures, and nocturnal ‘non-dipping’ (i.e., the
absence of a drop in BP during sleep) are associated with

The stiffening of arterial walls that accompanies CKD (as well
as aging and chronic high BP) causes a loss of the volume
compliance in the large arteries such as the aorta, reducing
their ability to effectively buffer the systolic pressure wave
generated by the left ventricle and thus resulting in higher
systolic BP. In diastole, the loss of elastic recoil leads to a
reduced diastolic pressure. These changes together contribute
to a higher pulse pressure and faster pulse wave velocity, since
the pulse wave travels more rapidly when the larger arteries
are less compliant. Measurement of pulse pressure or pulse
wave velocity can therefore offer insights into vascular
structure and function.32,373 Studies of pulse pressure or
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Table 4 | Existing guidelines on ambulatory BP monitoring (ABPM) and home BP monitoring
Society or authors

Measurement recommendations

British Hypertension
Society406

Home BP monitoring:
Accuracy of at-home recordings can be improved by calibration of the home instrument with a known standard, but even so, a lower
threshold for treatment is recommended (i.e., less than 135/85 mm Hg) because of inaccuracies in home measurements and the
tendency for home readings to be lower than office readings.
ABPM:
Recommended levels of normality for ambulatory BP
BP levels (mm Hg)

Daytime
Nighttime
Japanese Society of
Hypertension Guidelines
for self-monitoring of BP
at home407

American Society of
Hypertension408

Pickering et al.409

The Seventh Report of the Joint
National Committee
on Prevention, Detection,
Evaluation, and Treatment
of High Blood Pressure143

European Society of
Hypertension337,401,403
NICE Guideline117

Optimal

Normal

Abnormal

o130/80
o115/75

o135/85
o120/70

4140/90
4125/75

Home BP monitoring:
1. Arm-cuff devices based on the cuff-oscillometric method that have been validated officially and the accuracy of which has
been confirmed in each individual should be used for home BP measurement.
2. The BP should be measured at the upper arm. Finger-cuff devices and wrist-cuff devices should not be used for home BP
measurements.
3. Devices for home BP measurement should be adapted to the American Association for Medical Instrumentation standards
and the British Hypertension Society guidelines. In addition, the difference between the BP measured by the auscultatory
method and the device should be within 5 mm Hg in each individual. The home measurement device should be validated
before use and at regular intervals during use.
4. Home BP should be monitored under the following conditions: The morning measurement should be made within 1 h after
waking, after micturition, sitting after 1 to 2 min of rest, before drug ingestion, and before breakfast. The evening
measurement should be made just before going to bed, sitting after 1 to 2 min of rest.
5. Home BP should be measured at least once in the morning and once in the evening.
6. All home BP measurements should be documented without selection, together with the date, time, and pulse rate. Use of
devices with a printer or an integrated circuit memory is useful to avoid selection bias.
7. The home BP in the morning and evening should be averaged separately for a certain period. The first measurement on
each occasion should be used for totaling.
8. Home BP values averaged for a certain period Z135/80 mm Hg indicate hypertension and Z135/85 mm Hg, definite
hypertension. Normotension is defined as less an average BP o125/80 mm Hg and definite normotension as
o125/75 mm Hg.
ABPM: Ambulatory BP monitors measure BP by means of auscultatory or oscillometric methods. Auscultatory monitors use a microphone
on the bladder cuff to detect the Korotkoff sounds. The advantage of this technique is that arm movement does not interfere with the
recording; however, these monitors are sensitive to background noise. Oscillometric monitors sense arterial pressure vibrations and
calculate systolic and diastolic values using an algorithmic approach. They are unaffected by background noise, but arm movement can
cause errant readings. Both types of monitors are validated by the British Hypertension Society and the Association for the Advancement of
Medical Instrumentation. Patients wear the monitor for a 24-hour period, usually a workday. The monitor is preprogrammed to record BP,
usually every 15 to 20 minutes during daytime hours and every 20 to 30 minutes during night-time hours. Patients are instructed to keep an
activity log throughout the testing period for evaluation of stress- and activity-related BP changes.
ABPM: Currently available ambulatory monitors are fully automatic and can record BP for 24 hours or longer while patients go about
their normal daily activities. Most monitors use the oscillometric technique. They can be worn on a belt or in a pouch and are
connected to a sphygmomanometer cuff on the upper arm by a plastic tube. Subjects are asked to keep their arm still while the cuff is
inflating and to avoid excessive physical exertion during monitoring. The monitors are programmed to take a reading every 15 to
30 minutes throughout the day and night. At the end of the recording period, the readings are downloaded into a computer. Standard
protocols are used to evaluate the accuracy of the monitors, and approved devices are usually accurate to within 5 mm Hg of readings
taken with a mercury sphygmomanometer. The daytime level of ambulatory BP that is usually considered the upper limit of the normal
range is 135/85 mm Hg.
ABPM is warranted for evaluation of white-coat hypertension in the absence of target-organ injury. It is also helpful in patients with
apparent drug resistance, hypotensive symptoms with antihypertensive medications, episodic hypertension, or autonomic dysfunction.
Ambulatory BP values are usually lower than office readings. Individuals with hypertension have an average BP of 4135/85 mm Hg
when awake and 4120/75 mm Hg during sleep. The level of BP measurement by using ABPM correlates better than office
measurements in patients with target organ injury. ABPM also provides data on the percentage of BP readings that are elevated, the
overall BP load, and the extent of BP reduction during sleep. In most individuals, BP decreases by 10 to 20% during the night; those in
whom such reductions are not present are at increased risk for cardiovascular events.
Home BP monitoring: Home measurement devices should be checked regularly for accuracy.
1. Refers to http://www.dableducational.org/ for UK available ABPM and home measuring devices.
2. Details proper equipment and technique.
3. Outlines accepted and potential clinical indications for ABPM.
Out-of-office BP measurements are now recommended as part of the proper diagnosis of hypertension. ABPM should be offered to
confirm the diagnosis of hypertension if two BP measurements during an office consultation are X140/90 mm Hg. If ABPM is used, at
least two measurements per hour must be taken during waking hours (08:00 to 22:00). The average value at least 14 measurements
taken during the waking hours is needed to confirm the diagnosis of hypertension.
Home BP monitoring is a suitable alternative to ABPM and requires two consecutive BP measurements a minute apart in the seated
position, taken twice daily (usually morning and evening) for at least 4 days (but ideally 7). The first day’s measurements are discarded
and the average of the remaining measurements are used to confirm a diagnosis of hypertension.
Stage 1 hypertension is diagnosed if average BP from ABPM or home monitoring is Z135/85 mm Hg. When using ABPM or home BP
monitoring to assess response to treatment, the target average BP during waking hours should be o135/85 mm Hg for people aged
under 80 years and o145/85 mm Hg for people aged Z80 years.

ABPM, ambulatory blood pressure monitoring; BP, blood pressure.
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pulse wave velocity have been widely performed in the
general, hypertensive, and diabetic populations as well as to a
limited extent, in hemodialysis patients, in whom the
correlation of pulse wave velocity with mortality has been
well documented.32,35
Pulse wave velocity may be increased in early CKD34,404,405
but it is unclear what this means in terms of CVD risk and
kidney-disease prognosis. It is also unclear whether treatment
of BP will alter pulse wave velocity in the longer term for
CKD 1-5 patients and if so, whether this might influence the
prognosis. While sophisticated studies such as pulse wave
velocity are unlikely to become widespread in the global CKD
community, especially in less economically advanced communities, further research is likely to lead to better use of this
tool for assessment of BP related changes in the cardiovascular system in CKD patients and possibly to treatment
changes based on pulse wave velocity indices.
8.2: IS THERE AN EVIDENCE-BASED LOWER LIMIT FOR BP
REDUCTION?

The Work Group discussed whether it would be preferable to
recommend a target range (lowest to highest) for BP rather
than just a single target for highest acceptable BP. Although
the benefits of lowering BP in CKD have been demonstrated,
allowing us to recommend that we should aim for BP consistently r140/90 mm Hg when albumin excretion is o30 mg
per 24 hours and r130/80 mm Hg if albumin excretion is
Z30 mg per 24 hours in both non-diabetic (Chapter 3) and
diabetic (Chapter 4) adults with CKD ND, we were unable to
give any recommendations for a lower BP target level due to a
lack of evidence.
There are observational data that support the intuitive
notion that excessive BP reduction might be harmful, at least in
trials that have not specifically recruited CKD patients. In a
cohort of 4071 very elderly (Z80 years) ambulatory American
veterans (hence 96.6% males) with hypertension on 1.7±1.2
(mean±SD) antihypertensive medication classes, a J-shaped
survival curve was noted when the relationship between both
systolic and diastolic pressure and survival was examined. The
optimum survival was associated with the ranges of diastolic
BP between 70–79 mm Hg and systolic BP between 130139 mm Hg.43 In another smaller study (n ¼ 331) of mortality
with 2 year follow-up in elderly hospitalized subjects 470 years
with vascular disease or hypertension, the longest survival was
observed when diastolic BP was in the range 71–80 mm Hg, with
a pronounced increase in risk with diastolic BP r60 mm Hg.410
Further evidence to discourage aggressive reduction in BP
in high risk groups comes from secondary analyses of
outcomes associated with achieved BPs in the context of large
RCTs. Such analyses are retrospective in nature and the trials
themselves have not specifically recruited (and often
excluded) patients with reduced GFR, so they cannot be
used to formulate a guideline for a lower BP target in the
context of CKD. One example of such a study is a
retrospective analysis of the active treatment group of the
SHEP trial. In this study, 4736 subjects aged Z60 years with a
384

systolic BP 4160 mm Hg and diastolic o90 mm Hg were
randomized to placebo or BP reduction with chlorthalidone
with or without atenolol to reduce systolic BP. Perhaps
surprisingly, a low diastolic BP on treatment was associated with
an increased risk of stroke, coronary heart disease and CVD.41
Likewise in INVEST, a multi-national RCT comparing verapamil
sustained-release and atenolol-based treatment in 22,576 patients
with hypertension and CAD, BP control and outcomes were
equivalent between the groups, but the risk of the primary
outcome (all-cause death, non-fatal myocardial infarction and
non-fatal stroke) progressively increased with a BP lower than
119/84 mm Hg, although taken alone, stroke risk did not increase
with lower BP. After adjustment for multiple variables the
relationship between low diastolic BP and primary outcome
persisted.40 Further analysis of the above association including
only the 2699 patients with peripheral artery disease also showed
a J-shaped relationship, such that the primary outcome occurred
least frequently at a systolic BP of 135-145 mm Hg and a diastolic
BP of 60-90 mm Hg, with the effect most strongly related to
systolic BP.411 Stratifying patients into those aged o60, 60 to
o70, 70 to o80 and Z80 years and plotting survival versus
diastolic BP produced a pronounced J-curve effect with a HR
nadir at 75 mm Hg up to 80 years, then 70 mm Hg for subjects
480 years. For systolic BP the HR nadir increased with
increasing age: 115 mm Hg up to 70 years, 135 mm Hg for
70 to o80 years, and 140 mm Hg for Z80 years.42
In ONTARGET involving 25,588 patients with atherosclerotic disease or diabetes with organ damage, a J-shaped
relationship between on-treatment systolic BP (nadir around
130 mm Hg) and all outcomes except stroke was observed in a
retrospective analysis.412 Data from IDNT showed that a
systolic BP below 120 mm Hg was associated with an increased
risk of cardiovascular deaths and congestive heart failure, but
not myocardial infarction in hypertensive type 2 diabetics.228
Finally, in the ACCORD study, while targeting a systolic
BP of o120 mm Hg rather than o140 mm Hg did not reduce
cardiovascular outcomes, serious adverse events occurred in
3.3% of the lower BP group compared with 1.3% (po0.001)
in the higher BP target group indicating the potential penalty
paid for aggressive BP reduction.159
In CKD ND patients, there is observational evidence from
two community-based longitudinal studies including 1549
subjects with CKD 3-4. In one study, a J-shaped relationship
between stroke and systolic BP was observed, with lowest
stroke risk in the range of systolic BP between 120 and
129 mm Hg, and higher risk above and below this.158 A
cohort study of 860 US veterans (comprising mainly men)
with CKD (GFR o60 and a subset with GFR o30 ml/min/
1.73 m2) showed greater mortality when systolic BP was
o133 mm Hg or diastolic BP o65 mm Hg, although it
appeared that the association might not be causal but instead
related to atherosclerotic CVD as a co-morbidity.413
In summary, with respect to a lowest BP target, most of
the relevant evidence is observational, derived from retrospective analyses, and nearly all involves non-CKD populations. No studies to date have specifically tested a strategy of
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reducing blood-pressure-lowering drug treatment if the BP
falls below a certain limit. We anticipate that there would be
major practical difficulties in implementing such a practice,
particularly in patients with reduced conduit artery compliance and consequent increased pulse pressure (in whom a
lower limit for diastolic BP might entail accepting an systolic
BP much higher than the current targets). Although the
available evidence is enough to support our guideline
statements advising caution in those with co-morbidity, we
do not consider it is robust enough to allow us to specify a
lower limit for either systolic BP or diastolic BP, even though
other organizations have done so.396 Although inferences can
be drawn when treatment-related BP is too low, especially in
patients with diabetes, the elderly and those with CVD, we
are left without a lowest BP target.
The NIH funded SPRINT trial currently recruiting patients in
the US may clarify this issue. It will randomize over 7500 patients
with systolic BP to targets of o140 mm Hg or o120 mm Hg,
deliberately including approximately 1750 patients over 75, and
followed for cardiovascular, cognitive and kidney end points over
a period of 9 years, commencing 2010.171,172
8.3: SHOULD A REDUCTION IN ALBUMINURIA BE A TARGET
FOR TREATMENT WITH AGENTS THAT MODIFY BP?

As outlined elsewhere in this Guideline, RAAS intervention is
effective in not only lowering BP but also protecting
individual patients with CKD from further decline in kidney
function. Although the BP-lowering effect of RAAS inhibition contributes to renoprotection, a component of the
protective effect may be independent of the effect on BP.
Thus, to achieve maximum renoprotection using a RAAS
inhibitor, the clinician might consider monitoring the
reduction in urine albumin excretion (an ‘off target’ effect).
This is particularly important in macroalbuminuric and
microalbuminuric hypertensive subjects with type 2 diabetes,
in whom the BP response to RAAS inhibitors may be
discordant with the anti-albuminuric response.414,415 Studies
in such patients indicate that those in whom urine albumin
was lowered without significant lowering of BP gained some
renoprotection, whereas patients who did not have urine
albumin lowered in spite of BP-lowering did not have
renoprotection.414 Thus, albuminuria may be an independent
factor in renoprotection. In a prospective study supporting
this concept, Hou et al.416 detected nearly 50% additional
renoprotection with a dose of a RAAS inhibitor titrated to
maximally reduce urine albumin levels as compared to a
standard dose used for the BP lowering effect.
There have been no RCTs assessing hard renal or cardiovascular outcomes, in which patients have been randomized to
different targets of urinary albumin excretion irrespective of BP.
8.4: SHOULD RAAS INHIBITION BE MAXIMIZED IN CKD
PATIENTS?

Accepting that RAAS inhibitors may be used to both lower BP
and urine albumin excretion, options are available to optimize
the albuminuria lowering effect of these agents. For example, it
Kidney International Supplements (2012) 2, 382–387

is well recognized that co-administration of a low-sodium
diet417,418 or the addition of a diuretic63,66,419 enhances the
effect of both ACE-Is and ARBs on lowering urine albumin
excretion. Such therapeutic combinations make good sense
and are unlikely to be associated with harmful side effects.
Whether more aggressive blockade of the RAAS using
supramaximal doses of ACE-Is or ARBs is beneficial is less
certain. Recently, Burgess et al.420 showed that increasing the
dose of candesartan well beyond the guideline-recommended
dose for BP-lowering resulted in further reduction of the
urine albumin levels.
The substantial evidence suggesting that RAAS inhibition
using ACE-Is or ARBs has renoprotective effects when these
agents are used individually has led to the hypothesis that
combining the two classes of agents, or adding an aldosterone
antagonist or a DRI, may provide additional benefit. Interest in
this approach has been increased by the evidence that individuals
treated with ACE-Is may have ‘aldosterone breakthrough’89 with
angiotensin I to angiotensin II conversion occurring via other
pathways421 and by the fact that there may be other active
receptors for angiotensin II422 that may have a range of roles.
A number of moderate-sized studies, mostly in patients
with diabetes, have demonstrated that proteinuria levels may
be further lowered by combining ACE-Is and ARBs than by
using each agent alone.423 Aldosterone antagonists may
substantially lower proteinuria when used on top of ACE-Is
or ARBs.424 Similarly when the DRI, aliskiren, was added to
an ARB,112 proteinuria was reduced.
The optimism generated by these findings has recently been
seriously dampened. The ONTARGET trial did not demonstrate
any cardiovascular benefit for dual RAAS blockade (with the
ACE-I ramipril and the ARB telmisartan), in a population at
high risk of CVD, but did suggest an increased risk of major
renal outcomes with dual RAAS blockade.281 This finding has
been questioned for a range of reasons, and it has been
suggested that the result may have been different if the
population included a greater number of patients with CKD.425
The ALTITUDE trial randomized type 2 diabetic participants to receive either aliskiren or matching placebo on top
of an ACE-I or ARB113 and included a large number of
diabetic individuals with CKD.426 Although the results have
not been published at the time of writing this Guideline, the
trial was recently stopped early due to a low likelihood of ever
demonstrating benefit and a suggestion of an increased risk
of some adverse outcomes, including non-fatal stroke, renal
complications, hyperkalemia and hypotension,427 resulting in
the US FDA counselling against this practice.114
As a result, any benefits of combined blockade of the
RAAS for clinically important renal outcomes currently
remain unproven, and the safety issues should be taken into
account prior to using this therapeutic approach.
8.5: SHOULD ACE-IS AND ARBS BE DISCONTINUED IN CKD 5
BECAUSE THEY COMPROMISE RESIDUAL KIDNEY FUNCTION?

It has long been recognized that commencing ACE-Is and
ARBs can lead to an acute reduction in GFR that may be
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reversed if the dose is reduced or if the drug is discontinued.
This phenomenon has been observed in the context of RCTs
such as the RENAAL trial. In a post hoc analysis of this study,
an initial fall in GFR was found to predict better long-term
renoprotection.87 Such acute changes in GFR are likely to
reflect the hemodynamic changes that accompany initiation
of RAAS blockade.88,428 However, since a reduction in GFR is
not usually considered beneficial, observers have recently
questioned the value of commencing or continuing BPlowering regimens based on an ACE-I or ARB in elderly
patients with advanced CKD and have specifically suggested
that use of such agents in CKD 4–5 patients may compromise
residual kidney function or even accelerate its rate of decline
in both diabetic429 and non-diabetic patients.430
This opinion is based on uncontrolled observations and is
contrary to the observations made from the RENAAL RCT in
patients approaching renal replacement therapy.431 For
example in one such observational study, discontinuation
of ACE-Is and ARBs in 52 patients with CKD 4–5 was
followed by a greater than 25% increase in the GFR in 61.5%
of patients, and a greater than 50% increase in 36.5% of
patients.23 An RCT that specifically randomized patients with
advanced CKD to benzapril or placebo did not support
this.192 The study reported that 112 predominantly CKD 4
patients with a mean GFR of 26 ml/min/1.73 m2 receiving
benzapril had a lower risk of doubling of SCr, kidney failure,
or death compared with the same number of patients
receiving placebo. A small study of 60 peritoneal dialysis
patients showed better preservation of residual kidney
function among patients randomized to ramipril as compared to no treatment.432
Thus, the current evidence does not support the
discontinuing ACE-Is and ARBs in patients with advanced
CKD in an effort to preserve residual kidney function,
although hyperkalemia or hypotension may be a specific
reason for discontinuation in some patients.
8.6: ETHNICITY, RACE, AND GENES

In this Guideline, the individualization of BP control is
emphasized, yet specific advice to tailor therapy according to
ethnicity, race, or genetic influences is not available. In lieu of
such advice, we have drawn on RCTs specific to various racial
and ethnic populations: African-American, Chinese, Japanese, Pakistani, and European whites (sometimes from a
single country). We have generalized the observations derived
from these ethnicity- or race-specific RCTs to management
advice applicable to all ethnic and racial groups. However,
there is good reason—but not good evidence—to believe that
ethnicity, race, and genotype influence elevated BP and CKD,
with familial aggregation and ethnic–racial disparities in both
conditions. Currently, it is difficult to disentangle ethnic–racial disparities from social, economic, and environmental
disparities.
The evidence for ethnic or racial influence on CKD is
mainly epidemiological. The incidence of kidney failure
requiring dialysis is higher in a wide variety of non-white
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groups (African-American, Asian, Native American, Native
Australian, and Pacific Islander) than in white groups of
European heritage in North America, Europe, and the
Asia–Pacific region.366,433–435 Hypertension is also more
common, develops earlier in life, and manifests with a higher
average BP among African-Americans than whites in the
United States.436
Although profound environmental and socioeconomic
issues are clearly involved, information is gradually being
gathered that enlightens us about some of the links among
genetics, high BP and kidney disease in the African-American
population.437 Genetic variance in the non-muscle myosin
heavy chain 9 gene (MYH9) was reported to be partly
responsible for progressive kidney disease in hypertensive
African-Americans.438 This might provide a rationale for
lower BP targets in hypertensive African-Americans than
other racial groups,439 especially in African-Americans with
genetic variation in the MYH9 gene. More recently,
polymorphisms in the apolipoprotein L-1 gene (APOL1),
which is located immediately upstream to MYH9, has been
implicated in this process, with the APOLI G1 and G2 alleles
associating with focal segmental glomerulosclerosis in
African-Americans.440 Intriguingly, these variants seem to
confer resistance to Trypanosoma brucei rhodesiense, which
may explain the persistence of this seemingly otherwise
disadvantageous gene in West Africans, but this hypothesis
does not clarify the association between APOL1 and focal
segmental glomerulosclerosis.
Epidemiological evidence is suggestive of many other
ethnic–racial differences among individuals with CKD. In
addition to the differences in the prevalence of types of
kidney diseases in different groups, there appear to be
differences in the rates of CKD progression, in the effects of
BP control on CKD progression, in BP responses to various
antihypertensive regimens, and in cardiovascular risk associated with a particular BP level. Outlining this evidence is
beyond the scope of this Guideline, but clearly the scientific
community is currently only scratching the surface of the
links among BP, CKD, race, ethnicity, genes, and epigenetics.
In the future evidence may become available regarding how
to modify BP control in CKD according to an individual’s
genetic profile, or ethnic or racial background. In the
meantime, we must pay greater attention to socioeconomic
and environmental issues related to ethnicity or race, which
are more immediately amenable to modification.
8.7: BARRIERS TO IMPLEMENTATION

Although several guidelines on BP management in CKD have
been published, BP management in CKD patients is often
suboptimal and audit studies suggest that the target readings
are not achieved in many patients.441 The reasons why it is
challenging to implement recommendations and to achieve
target BP in CKD (and other) patient populations are
multiple and complex, but are likely to include the issues
listed below. Because of these uncertainties we cannot suggest
that the recommended BP targets in this Guideline should be
Kidney International Supplements (2012) 2, 382–387
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used as performance measures in the management of CKD
patients.
The credibility of the guideline is questioned. Not all
clinicians agree with the currently recommended BP targets,
at least not for all of their patients. The evidence supporting
current BP targets in CKD has been challenged, reinforcing
clinicians’ concerns.22 However, surveys have shown that less
stringent BP targets, such as 160/90 mm Hg, are also not
regularly achieved.441 The BP targets recommended in this
guideline are higher than those in some previous publications
and it remains to be seen whether this will result in a higher
proportion of CKD patients achieving them.
The trial data are not directly relevant to a real world
setting. There are few systematically collected data to support
the notion that BP control cannot be achieved in most patients.
However several important issues need to be considered when
extrapolating from clinical trials to a ‘real world’ setting. Firstly,
patients recruited into RCTs are selected for characteristics that
increase the likelihood of BP control. These include a lack of
co-morbidities, an absence of previous adverse reactions to the
BP-modifying agents used in the trial, good BP control during
a run-in or washout period and high motivation, reflected by
the patients’ willingness to enroll. Secondly, patients participating in trials are often micro-managed in specialized clinics,
where frequent reinforcement and pill-counting increases the
likelihood of adherence to the drug regimen. Thirdly, patients
who drop out because of drug-related side effects or nonadherence are usually accounted for in intention-to-treat
analyses and the overall proportion of dropouts is not often
reported (although may be 10% or more of the recruited
population). Finally, although the mean achieved BP is often
close to the intended target, the SD of the reported BP
measurements is often large, suggesting that the recorded
values in many patients are well above the mean and hence well
above the target.22 Only rarely is the actual number of patients
not achieving the target BP reported. Taken together, these
factors indicate that the proportion of patients with CKD in
whom BP cannot be controlled to a specified target may be
much higher than indicated by the data derived from RCTs.
Patients do not adhere to the treatment. The reasons why
patients do or do not adhere to medical advice are believed to
depend in part on cost–benefit analysis by the patients
themselves. This is particularly relevant to the use of BPmodifying drugs that do not provide immediately perceivable
improvement in quality of life or relief of symptoms, yet have
immediately observable negative effects in terms of expense
and inconvenience, even if there are no adverse side effects.
The literature contains many reports of poor adherence to
BP-modifying drug regimens and suboptimal BP control in
CKD patients is known to be associated with poor adherence
to medication.442
BP fluctuates. In a usual clinical setting, if a BP target is
set, a clinician will gradually increase the number of drugs
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prescribed to a given patient until this target is achieved. The
regimen will not then be altered again unless several BP
readings are above (sometimes well above) that target.
Because BP fluctuates, there is a good chance that a
proportion of the subsequent BP readings will inevitably be
above a previously achieved target. One way to circumvent
this problem is to set a threshold level for treatment that is
lower than the desired target. This strategy has been used in
several health care recommendations, including the WHO
nutrition goals and the 1997 NKF–Dialysis Outcomes Quality
Initiative Hemodialysis Adequacy guideline. As previously
stated and in line with several previous guidelines on BP
management in CKD, we have set the same values for the
threshold for treatment and desired target systolic and
diastolic levels. We emphasize the value of checking for
consistency by using repeated BP measurements to direct
therapy and believe that this strategy will improve target
attainment.
BP is measured infrequently. Traditionally, BP control is
audited by measuring the BP in a patient or a group of
patients on just one occasion. In an individual patient,
the BP can be better assessed by means of repeated
clinical measurements over a period of time or by more
sophisticated techniques such as home self-measurement of
BP or ABPM. Evaluating guideline implementation in a
group of patients is difficult, as repeated or more sophisticated measurements are not possible in everyone. We have
insufficient knowledge of what proportion of patients at any
one time will have a BP level above the target value, even
when guidelines have been closely followed and adherence
has been high. In a post hoc analysis of a large RCT of essential
hypertension, a single elevated office BP reading in a patient
with previously well controlled BP was unlikely to indicate a
persistent loss of BP control, but rather reflect day-to-day
variation.443
DISCLAIMER

While every effort is made by the publishers, editorial board,
and ISN to see that no inaccurate or misleading data, opinion
or statement appears in this Journal, they wish to make it
clear that the data and opinions appearing in the articles and
advertisements herein are the responsibility of the contributor, copyright holder, or advertiser concerned. Accordingly, the publishers and the ISN, the editorial board and
their respective employers, office and agents accept no
liability whatsoever for the consequences of any such
inaccurate or misleading data, opinion or statement. While
every effort is made to ensure that drug doses and other
quantities are presented accurately, readers are advised that
new methods and techniques involving drug usage, and
described within this Journal, should only be followed in
conjunction with the drug manufacturer’s own published
literature.

387

methods for guideline development

http://www.kidney-international.org
& 2012 KDIGO

Methods for guideline development
Kidney International Supplements (2012) 2, 388–397; doi:10.1038/kisup.2012.59

AIM

The overall aim of this project was to develop an evidencebased CPG for the use of BP-lowering agents in individuals
with CKD. The guideline consists of recommendation
statements, rationale, and a summary of systematically
generated evidence on relevant pre-defined clinical topics.
OVERVIEW OF PROCESS

The development process for the KDIGO Clinical Practice
Guideline for the Management of Blood Pressure in Chronic
Kidney Disease included the following steps:
K Appointing Work Group members and the ERT.
K Discussing process, methods, and results.
K Developing and refining topics.
K Identifying populations, interventions or predictors, and
outcomes of interest.
K Selecting topics for systematic evidence review.
K Standardizing quality assessment methodology.
K Developing and implementing literature-search strategies.
K Screening abstracts and retrieving full-text articles on the
basis of pre-defined eligibility criteria.
K Creating data extraction forms.
K Extracting data and performing critical appraisal of the
literature.
K Grading the methodology and outcomes in individual
studies.
K Tabulating data from individual studies into summary
tables.
K Grading quality of evidence for each outcome across
studies, and assessing the overall quality of evidence
across outcomes with the aid of evidence profiles.
K Grading the strength of recommendations on the basis of
the quality of evidence and other considerations.
K Finalizing guideline recommendations and supporting
rationales.
K Sending the guideline draft for peer review to the KDIGO
Board of Directors in December 2010 and for public
review in July 2011.
K Publishing the final version of the guideline.
The Work Group, KDIGO Co-Chairs, ERT, and KDIGO
support staff met for three 2-day meetings for training in
the guideline development process, topic discussion, and
consensus development.
Commissioning of Work Group and ERT

The KDIGO Co-Chairs appointed the Work Group CoChairs, who then assembled the Work Group of domain
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experts, including individuals with expertise in internal
medicine, adult and pediatric nephrology, cardiology,
hypertension, pharmacology, epidemiology, and endocrinology. The Tufts Center for Kidney Disease Guideline
Development and Implementation at Tufts Medical Center
in Boston, Massachusetts, USA, was contracted to
conduct systematic evidence review and provide
expertise in guideline development methodology. The ERT
consisted of physician–methodologists with expertise in
nephrology, a project coordinator and manager, and a
research assistant. The ERT instructed and advised Work
Group members in all steps of literature review, critical
literature appraisal, and guideline development. The Work
Group and the ERT collaborated closely throughout the
project.
Defining scope and topics

The Work Group Co-Chairs first defined the overall scope
and goals of the guideline and then drafted a preliminary list
of topics and key clinical questions. The Work Group and
ERT further developed and refined each topic and specified
screening criteria, literature search strategies, and data
extraction forms (Table 5).
Given the lack of robust evidence, the Work Group
decided not to make guideline recommendations for patients
with kidney failure (CKD 5D). The Work Group decided
instead to refer readers to the KDIGO Controversies
Conference paper on this topic.4
Establishing the process for guideline development

The ERT performed literature searches and organized
abstract and article screening. The ERT also coordinated
the methodological and analytical processes and defined
and standardized the methodology for performing
literature searches, data extraction, and summarizing the
evidence. Throughout the project, the ERT offered
suggestions for guideline development and led discussions
on systematic review, literature searches, data extraction,
assessment of quality and applicability of articles,
evidence synthesis, grading of evidence and guideline
recommendations, and consensus development. The Work
Group took the primary role of writing the recommendation
statements and rationale and retained final responsibility for
their content.
The Work Group Co-Chairs prepared the first draft of the
scope of work document as a series of open-ended questions
to be considered by Work Group members. At their first
2-day meeting, members added further questions until the
Kidney International Supplements (2012) 2, 388–397
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Table 5 | Systematic review topics and screening criteriaa
Diet or lifestyle modification
Population
Intervention
Comparator
Outcome
Study design
Minimum duration of follow-up
Minimum N of subjects
Blood pressure targets
Population

Intervention
Comparator
Outcome
Study design
Minimum duration of follow-up
Minimum N of Subjects
Agents
Population

Intervention
Comparator
Outcomes
Study design
Minimum duration of follow-up
Minimum N of Subjects

CKD ND: CKD 1–5, non-dialysis, adults and children, with or without hypertension, any type of CKD
Salt restriction, weight loss, diet, exercise
Active or control
Blood pressure, mortality, clinical cardiovascular events, kidney function (categorical or continuous), proteinuria or
urine protein level (categorical or continuous), quality of life, adverse events
RCTs with parallel-group design; cross-over trials
6 weeks for blood pressure, 3 months for proteinuria, 1 year for other outcomes
Z50 per arm
CKD ND: CKD 1–5, non-dialysis, adults or children, with or without hypertension, any type of CKDa but
organized by
K
DKD (DM and CKD)
K
Non-DKD
K
CKD in the kidney-transplant recipient (CKD T)
Lower or low BP target
Higher or usual BP target
Mortality, clinical cardiovascular events, kidney function (categorical or continuous), proteinuria or urine protein
level (categorical or continuous), quality of life, adverse events
RCTs with parallel-group design
3 months for proteinuria, 1 year for other outcomes
Z50 per arm
CKD ND: CKD 1–5, non-dialysis, adults or children, with or without hypertension, any type of CKDa but organized by
K
DKD (DM and CKD)
K
Non-DKD
K
CKD in the kidney-transplant recipient (CKD T)
Any anti-hypertensive agent (single or in combination, any dose) as well as specific searches for ACE-I, ARB,
aldosterone antagonist, beta-blocker, calcium-channel blocker, diuretic
Active or placebo
Mortality, clinical cardiovascular events, kidney function (categorical or continuous), proteinuria or urine protein
level (categorical or continuous), quality of life, adverse events
RCTs with parallel-group design
3 months for proteinuria, 1 year for other outcomes
Z50 per arm

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; BP, blood pressure; CKD, chronic kidney disease; CKD ND, non-dialysis-dependent CKD;
CKD T, non–dialysis-dependent CKD with a kidney transplant; DKD, diabetic kidney disease; DM, diabetes mellitus; N, number; RCTs, randomized controlled trials.
a
Includes CKD subgroups from ‘general population’ studies (not exclusively in CKD patients).

initial working document included all topics of interest to the
Work Group. The inclusive, combined set of questions
formed the basis for the deliberation and discussion that
followed. The Work Group strove to ensure that all topics
deemed clinically relevant and worthy of review were
identified and addressed.
Formulating questions of interest

Questions of interest were formulated according to the
PICODD (Population, Intervention, Comparator, Outcome,
study Design and Duration of follow-up) criteria. Details of
the criteria are presented in Table 5.
Ranking of outcomes

The Work Group ranked outcomes of interest on the basis of
their importance for informing clinical decision making
(Table 6). Doubling of SCr level or halving of GFR was
upgraded from ‘high’ to ‘critical’ importance in studies where
the baseline GFR was o60 ml/min/1.73 m2 (or the SCr was
42 mg/dl [4177 mmol/l]), given the known adverse consequences of advanced CKD.
Kidney International Supplements (2012) 2, 388–397

Table 6 | Hierarchy of outcomes
Hierarchya

Outcomesb

Critical importance

Mortality, cardiovascular mortality, cardiovascular
events, kidney failure, composite including clinical
events
High importance
Doubling of SCr or halving of GFR, proteinuria
(categorical)
Moderate importance Kidney function (continuous), urine protein level
(continuous)
Importance dependent Adverse events: drug discontinuation or dose
on severity
decrease, hyperkalemia, early rise of SCr or decrease
of GFR
GFR, glomerular filtration rate; SCr, serum creatinine.
a
Doubling of SCr or halving of GFR is of ‘critical’ importance in those studies with
baseline GFR o60 ml/min/1.73 m2 or SCr 42 mg/dl (177 mmol/l).
b
The lists are not meant to reflect outcome ranking for other areas of kidney disease
management. The Work Group acknowledges that not all clinicians, patients or
families, or societies would rank all outcomes the same.

Literature searches and article selection

The Work Group sought to build on the evidence base from
the previous KDOQI Clinical Practice Guidelines on Hypertension and Antihypertensive Agents in Chronic Kidney Disease.1
As the first search for the KDOQI guideline was conducted in
389
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Table 7 | Relevant systematic reviews and meta-analyses
Title

Databases and cut-off dates of
literature search

Reference

Topic 1. Low sodium diet or lifestyle modification and change in BP
Lifestyle interventions to reduce raised blood
Dickinson et al.53
pressure: a systematic review of randomized
controlled trials
Systematic review of long term effects of advice
to reduce dietary salt in adults

Topic 2. BP target and kidney outcomes
Progression of chronic kidney disease: the role of
blood pressure control, proteinuria, and
angiotensin-converting enzyme inhibition: a patient
level meta-analysis
Topic 3. ACE-I or ARB on CVD and CKD progression
RAS blockade and cardiovascular outcomes in
patients with chronic kidney disease and
proteinuria: a meta-analysis
Angiotensin receptor blockers as anti-hypertensive
treatment for patients with diabetes mellitus:
meta-analysis of controlled double-blind
randomized trials

Topic 4. ACE-I or ARB on CKD progression
Effect of inhibitors of the renin-angiotensin system
and other anti-hypertensive drugs on renal
outcomes: systematic review and meta-analysis
Topic 5. ACE-I on CKD progression in CKD without DM
Angiotensin-converting enzyme inhibitors and
progression of non-diabetic renal disease.
A meta-analysis of patient-level data

Use in Work Group deliberation

Cochrane CENTRAL
MEDLINE
Embase
1998–2003

References used to check and
supplement reference list of ERT
systematic review

Hooper et al.62

Cochrane CENTRAL
MEDLINE
Embase
CAB abstracts
CVRCT registry
SIGLE
1982–1998
Further search on sodium
restriction and BP:
Cochrane CENTRAL
MEDLINE
Embase
Up to July 2002

References used to check and
supplement reference list of ERT
systematic review

Jafar et al.96

MEDLINE
1977–1999

References used to check and
supplement reference list of ERT
systematic review

Balamuthusamy et al.97

OVID
MEDLINE
Embase
1975–2006

References used to check and
supplement reference list of ERT
systematic review

Siebenhofer et al.450

Cochrane CENTRAL
MEDLINE
Embase
Cochrane Controlled Trials
Register
PubMed
DARE
NHSEED
HTA
1992–2002

References used to check and
supplement reference list of ERT
systematic review

Casas et al.451

Cochrane CENTRAL
MEDLINE
Embase
1960–Jan. 31, 2005

References used to check and
supplement reference list of ERT
systematic review

Jafar et al.141

MEDLINE
May 1977–September 1997

References used to check and
supplement reference list of ERT
systematic review

Cochrane Renal Group Specialized
Register Cochrane CENTRAL
MEDLINE
Embase
Up to July 1, 2008

References used to check and
supplement reference list of ERT
systematic review

Topic 6. Anti-hypertensive agents in kidney-transplant recipients
Anti-hypertensives for kidney-transplant recipients:
Cross et al.301
Systematic review and meta-analysis of randomized
controlled trials

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; BP, blood pressure; CKD, chronic kidney disease; CVD, cardiovascular disease;
DM, diabetes mellitus; ERT, evidence review team; RAS, renin–angiotensin system.

Table 8 | Literature yield
Studies included in
summary tables
Intervention
Agents
Targets

Abstracts
identified

Articles
retrieved

Studies with
data extracted

10, 657

247

55

DKD

Non-DKD

Transplant

General population
studies in summary tables

Summary
tables

23
0

22
8

6
0

13
1

45
3

DKD, diabetic kidney disease.
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Table 9 | Work products for BP guideline*
Topic

Summary
table of RCTs

Diet or lifestyle modification
Exercise

+

(single study)

BP targets in CKD without DM
BP target in adults
BP target in children
Adverse events of target RCTs

+
+
+

+ (3 studies)
(single study)
—a

Agents in CKD without DM, non-transplant
ACE-I or ARB versus CCB
ACE-I or ARB versus placebo
High-dose ACE-I versus low-dose ACE-I
ACE-I versus ARB
ACE-I versus beta-blocker
High-dose ARB versus low-dose ARB
(ACE-I + CCB) versus ACE-I
(ACE-I + CCB) versus CCB
Beta-blocker versus CCB
CCB versus CCB
Central-acting agent versus CCB
Adverse events of agent RCTs

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+

Agents in CKD with DM, non-transplant
Aldosterone antagonist versus placebo
ACE-I or ARB versus CCB
ACE-I or ARB versus placebo
ACE-I versus ARB
ARB versus ARB
CCB versus placebo
Direct renin inhibitor versus placebo
Endothelin antagonist versus endothelin
antagonist
Endothelin antagonist versus placebo
Adverse events of agents in RCTs

+
+
+
+
+
+
+
+

Evidence
profile

(7 studies)
(6 studies)
(2 studies)
(3 studies)
(single study)
+ (3 studies)
(single study)
(single study)
(single study)
(single study)
(single study)
—a

+
+
+
+

(single study)
(7 studies)
(9 studies)
(3 studies)
(3 studies)
(single study)
(single study)
(single study)

+
+

(single study)
—a

Agents in CKD in kidney transplant recipient
ACE-I versus ARB
+
ARB versus placebo
+
ACE-I versus CCB
+
CCB versus placebo
+
Adverse events of agent RCTs
+

(single study)
(single study)
+ (2 studies)
+ (3 studies)
—a

CKD subgroups from general population studies
BP target
+ (1 study)
ACE-I + diuretic versus placebo in DM
+ (4 studies)
ACE-I or ARB versus control
+ (5 studies)
ACE + ARB or ARB versus ACE-I
+ (1 study)
ARB versus CCB
+ (1 study)
CCB versus control
+ (2 studies)
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker;
BP, blood pressure; CCB, calcium-channel blocker; CKD, chronic kidney disease; DM,
diabetes mellitus; RCTs, randomized controlled trials; +, work product is indicated
for the topic of interest; , work product is not indicated for the topic of interest.
a
Included in evidence profile for other outcomes.

BP-lowering agents in CKD. The first search was conducted
in November 2009 and was subsequently updated in April
and August of 2010; the final update was done in January
2011. Additional focused searches were conducted to identify
RCTs evaluating lifestyle interventions of salt restriction,
weight loss, and diet and exercise in CKD and to look for
reviews of adverse effects of anti-hypertensive agents. The
ERT relied on Work Group members to identify large, general
population RCTs reporting on subgroup analyses based on
CKD, GFR, or proteinuria status. Additional pertinent
articles were added from the reference lists of JNC 7 and
relevant meta-analyses and systematic reviews (Table 7). The
search yield was also supplemented by articles provided by
Work Group members through February 2012.
A total of 10, 657 citations were initially screened. Journal
articles reporting original data, meta-analyses, and systematic
reviews were selected for evidence review. Editorials, letters,
abstracts, unpublished reports, and articles published in
non–peer-reviewed journals were not included. The Work
Group also decided to exclude publications from journal
supplements because of potential differences in the process of
how they get solicited, selected, reviewed, and edited
compared to peer-reviewed publications. Post hoc analyses
were also excluded, however, after discussion with the Work
Group, it was decided that exception would be made for
post-trial observational follow-up reports from RCTs looking
at BP targets as BP interventions may take longer time to
influence outcomes. These studies were downgraded one
level to designate that they are of lesser quality than the
original RCT. The overall search yield along with the number
of abstracts identified and articles reviewed for each topic are
presented in Table 8.
Data extraction

Data extraction was done by the ERT. The ERT, in
consultation with the Work Group, designed forms to
capture data on design, methodology, sample characteristics,
interventions, comparators, outcomes, results, and limitations of individual studies. Methodology and outcomes were
also systematically graded (see the section on grading below)
and recorded during the data extraction process.
Summary tables

July 2002, the search for the current KDIGO Guideline
included publications since January 2002. Search strategies
were developed by the ERT with input from the Work Group.
The text words or medical subject headings (MeSH) that
were included are provided in the Supplementary Appendix 1
online. Non-human studies and those focusing on dialysis,
pregnancy, neonates, malignant hypertension, acute kidney
injury, or drug pharmacology were excluded.
The MEDLINE, Cochrane Central Register of Controlled
Trials, and Cochrane Database of Systematic Reviews were
searched by the ERT to capture all RCTs on the use of
Kidney International Supplements (2012) 2, 388–397

Summary tables were developed for each comparison of
interest (Table 9). Studies included in the evidence base for
the KDOQI Clinical Practice Guidelines on Hypertension and
Antihypertensive Agents in Chronic Kidney Disease1 were also
incorporated if they fulfilled the inclusion criteria for the
current KDIGO Guideline.
Summary tables contain outcomes of interest, relevant
population characteristics, description of intervention and
comparator, results, and quality grading for each outcome.
Categorical and continuous outcomes were summarized
separately. Studies done exclusively in patients of a single
race or ethnicity and studies reporting effect modifications by
baseline urine protein level were annotated. Studies were also
391
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categorized by baseline proteinuria status in summary tables
for the CKD with diabetes mellitus topic.
For studies not exclusively examining CKD population,
only those reporting analysis by CKD subgroups were
tabulated. Studies including both diabetes mellitus and
non-diabetes mellitus populations were included in summary
tables for the CKD without diabetes mellitus topic unless
results of subgroup analysis by diabetes mellitus status was
provided.
Work Group members proofed all summary table data
and quality assessments. Summary tables are available at
www.kdigo.org.

Grading of quality of evidence for outcomes of individual
studies

Evidence profiles

Evidence profiles were constructed to assess the quality and
record quality grades and descriptions of effect for each
outcome across studies, as well as the quality of overall
evidence and description of net benefits or harms of the
intervention or comparator across all outcomes. These
profiles aim to make the evidence synthesis process
transparent. Decisions in the evidence profiles were based
Table 10 | Classification of study quality
Good
quality
Fair
quality
Poor
quality

on data from the primary studies listed in corresponding
summary tables and on judgments of the ERT and the Work
Group. When the body of evidence for a particular
comparison of interest consisted of only one study, the
summary table provided the final level of synthesis and an
evidence profile was not generated. Evidence profiles were
also not created for studies that did not exclusively examine
CKD population. Each evidence profile was initially constructed by the ERT and then reviewed, edited, and approved
by the Work Group. The work products created by the ERT
for summarizing the evidence base are listed in Table 9.

Low risk of bias and no obvious reporting errors; complete
reporting of data. Must be prospective. If study of
intervention, must be RCT.
Moderate risk of bias, but problems with study or paper are
unlikely to cause major bias. If study of intervention, must be
prospective.
High risk of bias or cannot exclude possible significant biases.
Poor methods, incomplete data, reporting errors. Prospective
or retrospective.

RCT, randomized controlled trial.

Methodological quality. Methodological quality (internal
validity) refers to the design, conduct, and reporting of
outcomes of a clinical study. A previously devised three-level
classification system for quality assessment was used to grade
the overall study quality and quality of all relevant outcomes in
the study (Table 10). Variations of this system have been used
in most KDOQI and all KDIGO guidelines and have been
recommended for the US Agency for Healthcare Research and
Quality Evidence-based Practice Center program.444
Each study was given an overall quality grade based on its
design, methodology (randomization, allocation, blinding,
definition of outcomes, appropriate use of statistical
methods, etc.), conduct (dropout percentage, outcome
assessment methodologies, etc.) and reporting (internal
consistency, clarity, thoroughness and precision, etc.). Each
reported outcome was then evaluated and given an individual
grade depending on the quality of reporting and methodological issues specific to that outcome. However, the quality

Table 11 | GRADE system for grading quality of evidence
Step 1: Starting grade for quality of
evidence based on study design
Randomized trials = High

Step 3: Raise grade

Study quality
1 level if serious limitations
2 levels if very serious limitations

Strength of association
+1 level if stronga, no plausible
confounders
+2 levels if very strongb, no major
threats to validity

Consistency
1 level if important inconsistency
Observational study = Low

Any other evidence = Very Low

Final grade for quality of evidence and
definition

Step 2: Reduce grade

Directness
1 level if some uncertainty
2 levels if major uncertainty
Other
1 level if sparse or imprecise datac
1 level if high probability of reporting bias

Other
+1 level if evidence of a
dose–response gradient
+1 level if all residual plausible
confounders would have reduced
the observed effect

High = Further research is unlikely to change
confidence in the estimate of the effect

Moderate = Further research is likely to have
an important impact on confidence in the
estimate of effect, and may change the
estimate

Low = Further research is very likely to have
an important impact on confidence in the
estimate, and may change the estimate

Very Low = Any estimate of effect is very
uncertain
GRADE, Grading of Recommendations Assessment, Development and Evaluation.
a
Strong evidence of association is defined as ‘significant relative risk of 42 (o0.5)’ based on consistent evidence from two or more observational studies, with no plausible
confounders.
b
Very strong evidence of association is defined as ‘significant relative risk of 45 (o0.2)’ based on direct evidence with no major threats to validity.
c
Sparse if there is only one study or if total N o500. Imprecise if there is a low event rate (0 or 1 event) in either arm or confidence interval spanning a range 41.
Adapted by permission from Macmillan Publishers Ltd, Kidney International. Uhlig K, Macleod A, Craig J et al. Grading evidence and recommendations for clinical
practice guidelines in nephrology. A position statement from Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int 2006; 70: 2058–2065;157 accessed
http://www.nature.com/ki/journal/v70/n12/pdf/5001875a.pdf.
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grade of an individual outcome could not exceed the quality
grade for the overall study.
Grading the quality of evidence and the strength of a
guideline recommendation

A structured approach, based on Grading of Recommendations Assessment, Development and Evaluation
(GRADE)156,157,445 and facilitated by the use of evidence
profiles was used to grade the quality of the overall evidence
and the strength of recommendations. For each topic, the
discussion on grading of the quality of the evidence was led
by the ERT, and the discussion regarding the strength of the
recommendations was led by the Work Group Co-Chairs.
The ‘strength of a recommendation’ indicates the extent
to which one can be confident that adherence to the
recommendation will do more good than harm. The ‘quality
of a body of evidence’ refers to the extent to which our
confidence in an estimate of effect is sufficient to support
a particular recommendation.445
Table 12 | Final grade for overall quality of evidence
Grade

Quality of
Evidence

A

High

B

Moderate

C

Low

D

Very low

Meaning
We are confident that the true effect lies close to
that of the estimate of the effect.
The true effect is likely to be close to the estimate
of the effect, but there is a possibility that it is
substantially different.
The true effect may be substantially different from
the estimate of the effect.
The estimate of effect is very uncertain, and often
will be far from the truth.

Grading the quality of evidence for each outcome across
studies. Following GRADE, the quality of a body of evidence
pertaining to a particular outcome of interest was initially
categorized on the basis of study design. For questions of
interventions, the initial quality grade was ‘High’ if the body
of evidence consisted of RCTs, ‘Low’ if it consisted of
observational studies, and ‘Very Low’ if it consisted of studies
of other study designs. For questions of interventions, the
Work Group decided to use only RCTs. The grade for the
quality of evidence for each intervention–outcome pair was
then lowered if there were serious limitations to the
methodological quality of the aggregate of studies, if there
were important inconsistencies in the results across studies, if
there was uncertainty about the directness of evidence
including limited applicability of the findings to the
population of interest, if the data were imprecise (a low
event rate in either arm or a CI spanning a range 41) or
sparse (only 1 study or total No500), or if there was thought
to be a high likelihood of bias. The final grade for the quality
of the evidence for an intervention–outcome pair could be
one of the following four grades: ‘High’, ‘Moderate’, ‘Low’ or
‘Very Low’ (Table 11).
Grading the overall quality of evidence. The quality of the
overall body of evidence was then determined on the basis of
the quality grades for all outcomes of interest, taking into
Table 15 | Determinants of strength of recommendation
Factor

Comment

Balance between desirable
and undesirable effects

The larger the difference between the
desirable and undesirable effects, the more
likely a strong recommendation is
warranted. The narrower the gradient, the
more likely a weak recommendation is
warranted.
The higher the quality of evidence, the
more likely a strong recommendation is
warranted.
The more variability in values and
preferences, or the more uncertainty in
values and preferences, the more likely a
weak recommendation is warranted.
The higher the costs of an intervention—
that is, the more resources consumed—the
less likely a strong recommendation is
warranted.

Table 13 | Balance of benefits and harms
When there was evidence to determine the balance of medical benefits
and harms of an intervention to a patient, conclusions were categorized
as follows:
K For statistically significant benefit or harm, report as ‘benefit [or
harm] of drug X.’
K For non–statistically significant benefit or harm, report as ‘possible
benefit [or harm] of drug X.’
K In instances where studies are inconsistent, report as ‘possible
benefit [or harm] of drug X.’
K ‘No difference’ can only be reported if a study is not imprecise.
K ‘Insufficient evidence’ is reported if imprecision is a factor.

Quality of the evidence

Values and preferences

Costs (resource allocation)

Table 14 | KDIGO nomenclature and description for grading recommendations
Implications
Grade*

Patients

Clinicians

Policy

Level 1
‘We recommend’

Most people in your situation would want
the recommended course of action and only
a small proportion would not.

Most patients should receive the
recommended course of action.

The recommendation can be evaluated as a
candidate for developing a policy or a
performance measure.

Level 2
‘We suggest’

The majority of people in your situation
would want the recommended course of
action, but many would not.

Different choices will be appropriate for
different patients. Each patient needs help to
arrive at a management decision consistent
with her or his values and preferences.

The recommendation is likely to require
substantial debate and involvement of
stakeholders before policy can be
determined.

*The additional category ‘Not Graded’ was used, typically, to provide guidance based on common sense or where the topic does not allow adequate application of evidence.
The most common examples include recommendations regarding monitoring intervals, counseling, and referral to other clinical specialists. The ungraded recommendations
are generally written as simple declarative statements, but are not meant to be interpreted as being stronger recommendations than Level 1 or 2 recommendations.
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Table 16 | Existing major guidelines and recommendations on hypertension and anti-hypertensive agents in CKD
Target CKD
population

Recommended BP goal
(mm Hg)

Recommended preferred anti-hypertensive
agent(s)

Year

Group

2003

Seventh report of the Joint National Committee on
Prevention, Detection, Evaluation and Treatment of
High Blood Pressure143
http://jama.ama-assn.org/content/289/19/2560.abstract
(accessed July 17, 2012)

Stage 3 CKD,
o130/80
macroalbuminuria,
kidney-transplant
recipients

2003

World Health Organization/International Society of Hypertension Statement on Management of Hypertension243
http://www.who.int/cardiovascular_diseases/guidelines/
hypertension_guidelines.pdf
(accessed July 17, 2012)

Type 1 DM with
nephropathy
Type 2 DM with
nephropathy
Non-diabetic
nephropathy

o130/80

Type 1 DM with nephropathy: ACE-I
Type 2 DM with nephropathy: ARB
Non-diabetic nephropathy: ACE-I

2003

European Society of Hypertension–European Society of
Cardiology Guidelines for the Management of Arterial
Hypertension236
http://www.eshonline.org/asset.axd?id=d1381ab0-63ce4427-bd8f-f44ef5281c5f&t=633770299529000000
(accessed July 17, 2012)

DM, CKD

o130/80 (if urine protein
41 g/d is present, lower
target to lower protein if
possible)

CKD: Diuretic
Type 1 DM with nephropathy: ACE-I
Type 2 DM with nephropathy: ARB
Non-diabetic nephropathy: ACE-I
Proteinuria: ACE-I or ARB

2006

Caring for Australasians with Renal Impairment (CARI)
Guidelines: Prevention of Progression of Kidney Disease
http://www.cari.org.au/ckd_prevent_list_published.php
(accessed August 20, 2012)

DM, CKD

CKD in general:
o125/75 (or mean BPo92)
if urine protein 41 g/d
o130/80 (or mean BPo97)
if urine protein 0.25–1 g/d
o130/85 (or mean BPo100)
if urine protein o0.25 g/d

CKD 3 or macroalbuminuria: ACE-I or ARB in
combination with a diuretic
Kidney-transplant recipients: No particular class
of agents superior

Non-DKD:
Regimens including ACE-I more effective than
those not including ACE-I in slowing CKD
progression in non-DKD
Combination therapy of ACE-I and ARB slows
progression of non-DKD more effectively than
either single agent
ACE-I more effective than beta-blockers and
DKD:
o130/85 for patients 450 years dihydropyridine CCB in slowing progression
of CKD
of age
o120/70–75 for those o50 years Beta-blockers more effective than dihydropyridine CCB in slowing CKD progression,
of age
especially in the presence of proteinuria
DKD:
ACE-I for all patients with diabetes and
hypertension
ACE-I for all patients with diabetes and
microalbuminuria or overt nephropathy,
independent of BP and GFR
ARB provides specific renoprotection in
diabetic nephropathy, beyond their
anti-hypertensive benefit
There is insufficient evidence that ACE-I and
ARB combination are of additive specific
benefit in diabetic nephropathy, beyond
additional anti-hypertensive benefit

2008

Canadian Society of Nephrology Guidelines on
Management of CKD238
http://www.cmaj.ca/cgi/content/full/179/11/1154
(accessed July 17, 2012)

DM, CKD

o130/80

Non-DKD:
ACE-I or ARB should be included in the
regimen if urine ACR 430 mg/mmol
(4300 mg/g)
ACE-I, ARB, thiazides, long-acting CCB, or betablockers (for patients older than
60 years) should be included in the regimen if
urine ACR o30 mg/mmol (o300 mg/g)
DKD:
ACE-I or ARB should be included
in the regimen

2009

Reappraisal of European Guidelines on Hypertension
Management: a European Society of Hypertension
Task Force Document353
http://www.ish.org.il/2009GuidelinesESH.pdf
(accessed July 17, 2012)

DM, CKD

Initiate treatment for systolic
BP 4130 and diastolic
BP 485

ACE-I or ARB, but combination therapy with
other agents most likely needed
to control BP

2009

Japanese Society of Hypertension Guidelines for the
Management of Hypertension452
http://www.nature.com/hr/journal/v32/n1/abs/
hr200818a.html
(accessed July 17, 2012)

CKD

o130/80
For those with urine protein
Z1 g/d: target o125/75

ACE-I or ARB should be the first choice of
therapy and dose should be titrated by urinary
albumin excretion (o30 mg/g for diabetic
nephropathy and o300 mg/g for
glomerulonephritis)
For diuretics, thiazides should be used if GFR
Z30 ml/min/1.73 m2, and loop diuretics should
be used if GFR o30 ml/min/1.73 m2

Table 16 continued on following page
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Table 16 | Continued
Target CKD
population

Recommended BP goal
(mm Hg)

The Renal Association (UK) CKD Guidelines396
http://www.renal.org/Clinical/GuidelinesSection/
Detection-Monitoring-and-Care-of-Patients-with-CKD.aspx
(accessed August 28, 2012)

CKD

Canadian Hypertension Education Program
Recommendations
http://www.hypertension.ca/chep-recommendations
(accessed August 20, 2012)

Non-DKD
and DKD

ACE-I or ARB
For the majority, systolic
BP: o140 mm Hg (target range
120–139 mm Hg)
and diastolic BP: o90 mm Hg for
the majority
For those with DM or proteinuria
X1g/24 h, systolic BP:
o130 mm Hg (target range
120–129 mm Hg) and diastolic BP:
o80 mm Hg unless the risks are
considered to outweigh
the potential benefits
Antihypertensive therapy should
be individualized and lowering the
systolic blood pressure to
o120 mm Hg should be avoided
CKD in general: o140/90
Non-DKD:
DKD: o130/80
ACE-I or ARB (if ACE-I intolerant) as a first
choice agent if urine ACR 430 mg/mmol
(4300 mg/g) or urine protein 4500 mg/24 h

Year

Group

2011

2012

Recommended preferred anti-hypertensive
agent(s)

DKD:
For patients with persistent microalbuminuria
(urine ACR 42 mg/mmol [420 mg/g] in men
and 42.8 mg/mmol [428 mg/g] in women),
ACE-I or or ARB is recommended as initial
therapy
2012

DM with
American Diabetes Association453
http://care.diabetesjournals.org/content/35/Supplement_1/ microalbuminuria
S11.full.pdf (accessed August 20, 2012)
or overt
nephropathy

o130/80

ACE-I or ARB should be considered
for patients with microalbuminaria or
macroalbuminaria. If ACE-I or ARB is not
tolerated, then diuretics, CCBs, and betablockers should be considered

ACE-I, angiotensin-converting enzyme inhibitor; ACR, albumin/creatinine ratio; ARB, angiotensin-receptor blocker; BP, blood pressure; CCB, calcium-channel blocker;
CKD, chronic kidney disease; DKD, diabetic kidney disease; DM, diabetes mellitus; GFR, glomerular filtration rate.

account explicit judgments about the relative importance
of each outcome. The resulting four final categories for
the quality of overall evidence were: ‘A’, ‘B’, ‘C’ or ‘D’
(Table 12).
Assessment of the net health benefit across all important
clinical outcomes. The net health benefit was determined on
the basis of the anticipated balance of benefits and harms
across all clinically important outcomes (Table 13). The
assessment of net benefit also involved the judgment of the
Work Group and the ERT.
Grading the strength of the recommendations. The
strength of a recommendation is graded as level 1 or
level 2. Table 14 shows the KDIGO nomenclature for grading
the strength of a recommendation and the implications of
each level for patients, clinicians, and policy makers.
Recommendations can be for or against doing something.
Table 15 shows that the strength of a recommendation is
determined not only by the quality of the evidence but also
by other, often complex judgments regarding the size of the
net medical benefit, values, and preferences, and costs.
Formal decision analyses including cost analysis were not
conducted.
Ungraded statements. This category was designed to allow
the Work Group to issue general advice. Typically an
ungraded statement meets the following criteria: it provides
guidance based on common sense; it provides reminders of
Kidney International Supplements (2012) 2, 388–397

the obvious; and it is not sufficiently specific to allow for
application of evidence to the issue and therefore it is not
based on systematic evidence review. Common examples
include recommendations about frequency of testing, referral
to specialists, and routine medical care. We strove to
minimize the use of ungraded recommendations.
This grading scheme, with two levels for the strength
of a recommendation together with four levels of grading
the quality of the evidence, as well as the option of an
ungraded statement for general guidance, was adopted by
the KDIGO Board in December 2008. The Work Group took
on the primary role of writing the recommendations
and rationale and retained final responsibility for the
content of the guideline statements and the accompanying
narrative. The ERT reviewed draft recommendations and
grades for consistency with the conclusions of the evidence
review.
Format for guideline recommendations. Each chapter
contains one or more specific recommendations. Within
each recommendation, the strength of recommendation is
indicated as level 1 or level 2 and the quality of the
supporting evidence is shown as A, B, C, or D. The recommendation statements and grades are followed by a brief
background with relevant definitions of terms and then the
rationale starting with a ‘chain of logic,’ which consists of
declarative sentences summarizing the key points of the
395
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Table 17 | The Conference on Guideline Standardization (COGS) checklist for reporting clinical practice guidelines
Discussed in KDIGO Management of Blood Pressure in Chronic
Kidney Disease Guideline

Topic

Description

1. Overview material

Provide a structured abstract that includes the guideline’s
release date, status (original, revised, updated), and print
and electronic sources.

Abstract and Methods for Guideline Development.

2. Focus

Describe the primary disease/condition and intervention/
service/technology that the guideline addresses. Indicate any
alternative preventative, diagnostic or therapeutic
interventions that were considered during development.

Management of blood pressure and the use of anti-hypertensive
agents in adults and children with CKD ND, including those with
kidney transplants.

3. Goal

Describe the goal that following the guideline is expected
to achieve, including the rationale for development of a
guideline on this topic.

This clinical practice guideline is intended to assist the practitioner
caring for patients with non-dialysis CKD and hypertension and to
prevent deaths, CVD events, and progression to kidney failure while
optimizing patients’ quality of life.

4. User/setting

Describe the intended users of the guideline (e.g., provider
types, patients) and the settings in which the guideline is
intended to be used.

Providers: Nephrologists (adult and pediatric), Internists, and
Pediatricians.
Patients: Adults and children with CKD at risk for hypertension.
Policy Makers: Those in related health fields.

5. Target population

Describe the patient population eligible for guideline
recommendations and list any exclusion criteria.

Adults and children with CKD, not on dialysis; kidney transplant
recipients.

6. Developer

Identify the organization(s) responsible for guideline
development and the names/credentials/potential conflicts
of interest of individuals involved in the guideline’s
development.

Organization: KDIGO
Names/credentials/potential conflicts of interest of individuals
involved in the guideline’s development are disclosed in the
Biographic and Disclosure Information.

7. Funding source/sponsor

Identify the funding source/sponsor and describe its role in
developing and/or reporting the guideline. Disclose potential
conflict of interest.

KDIGO is supported by the following consortium of sponsors: Abbott,
Amgen, Bayer Schering Pharma, Belo Foundation, Bristol-Myers
Squibb, Chugai Pharmaceutical, Coca-Cola Company, Dole Food
Company, Fresenius Medical Care, Genzyme, Hoffmann-LaRoche, JC
Penney, Kyowa Hakko Kirin, NATCO—The Organization for Transplant
Professionals, NKF-Board of Directors, Novartis, Pharmacosmos,
PUMC Pharmaceutical, Robert and Jane Cizik Foundation, Shire,
Takeda Pharmaceutical, Transwestern Commercial Services, Vifor
Pharma, and Wyeth. No funding is accepted for the development or
reporting of specific guidelines.
All stakeholders could participate in open review.

8. Evidence collection

Describe the methods used to search the scientific literature,
including the range of dates and databases searched, and
criteria applied to filter the retrieved evidence.

Topics were triaged either to a) systematic review, b) systematic
search followed by narrative summary, or c) narrative summary. For
systematic reviews on treatment with different anti-hypertensive
agents or to different BP targets, we searched for RCTs in MEDLINE,
Cochrane Central Registry for trials, and Cochrane database of
systematic reviews. Screening criteria are outlined in the Methods for
Guideline Development chapter. The search was updated through
January 2011 and supplemented by articles identified by Work Group
members through February 2012. We also searched for pertinent
existing guidelines and systematic reviews.

9. Recommendation
grading criteria

Describe the criteria used to rate the quality of evidence that
supports the recommendations and the system for
describing the strength of the recommendations.
Recommendation strength communicates the importance of
adherence to a recommendation and is based on both the
quality of the evidence and the magnitude of anticipated
benefits and harms.

Quality of individual studies was graded in a three-tiered grading
system (see Table 10). Quality of evidence and strength of
recommendations were graded following the GRADE approach
(Tables 12 and 14).
The Work Group could provide general guidance in unngraded
statements.

10. Method for synthesizing
evidence

Describe how evidence was used to create
recommendations, e.g., evidence tables, meta-analysis,
decision analysis.

For systematic review topics, summary tables and evidence profiles
were generated. For recommendations on treatment interventions,
the steps outlined by GRADE were followed.

11. Prerelease review

Describe how the guideline developer reviewed and/or
tested the guidelines prior to release.

The guideline had undergone internal review at the 2010 KDIGO
Board of Directors meeting and external public review in July 2011.
Public review comments were compiled and fed back to the Work
Group, which considered comments in its revision of the guideline.

12. Update plan

State whether or not there is a plan to update the guideline
and, if applicable, an expiration date for this version of the
guideline.

There is no date set for updating. The need for updating of the
guideline will depend on the publication of new evidence that would
change the quality of the evidence or the estimates for the benefits
and harms. Results from registered ongoing studies and other
publications will be reviewed periodically to evaluate their potential
to impact on the recommendations in this guideline.

Table 17 continued on following page
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Table 17 | Continued
Discussed in KDIGO Management of Blood Pressure in Chronic
Kidney Disease Guideline

Topic

Description

13. Definitions

Define unfamiliar terms and those critical to correct
application of the guideline that might be subject to
misinterpretation.

Abbreviations and Acronyms.

14. Recommendations and
rationale

State the recommended action precisely and the specific
circumstances under which to perform it. Justify each
recommendation by describing the linkage between the
recommendation and its supporting evidence. Indicate the
quality of evidence and the recommendation strength, based
on the criteria described in Topic 9.

Each guideline chapter contains recommendations for blood
pressure management of CKD patients. Each recommendation builds
on a supporting rationale with evidence tables if available. The
strength of the recommendation and the quality of evidence are
provided in parenthesis within each recommendation.

15. Potential benefits and
harms

Describe anticipated benefits and potential risks associated
with implementation of guideline recommendations.

The benefits and harm for each comparison of interventions are
provided in summary tables and summarized in evidence profiles.
The estimated balance between potential benefits and harm was
considered when formulating the recommendations.

16. Patient preferences

Describe the role of patient preferences when a
recommendation involves a substantial element of personal
choice or values.

Many recommendations are level 2 or ‘‘discretionary,’’ which
indicates a greater need to help each patient arrive at a management
decision consistent with her or his values and preferences.

17. Algorithm

Provide (when appropriate) a graphical description of the
stages and decisions in clinical care described by the
guideline.

No overall algorithm.

18. Implementation
considerations

Describe anticipated barriers to application of the
recommendations. Provide reference to any auxiliary
documents for providers or patients that are intended to
facilitate implementation. Suggest review criteria for
measuring changes in care when the guideline is
implemented.

These recommendations are global. Review criteria were not
suggested because implementation with prioritization and
development of review criteria have to proceed locally. Furthermore,
most recommendations are discretionary, requiring substantial
discussion among stakeholders before they can be adopted as review
criteria.
Suggestions were provided for future research.

BP, blood pressure; CKD, chronic kidney disease; CKD ND, non–dialysis-dependent CKD; CVD, cardiovascular disease; GRADE, Grading of Recommendations Assessment,
Development and Evaluation; KDIGO, Kidney Disease: Improving Global Outcomes; RCT, randomized controlled trial.

evidence base and the judgments supporting the recommendation. This is followed by a narrative in support of the
rationale. In relevant sections, research recommendations
suggest future research to resolve current uncertainties.
Comparison with other guidelines

We tabulated recommendations from other key Englishlanguage guidelines pertinent to the use of blood-pressure–
lowering agents in individuals with CKD (Table 16). This
served to inform topic selection and scope. Also, after
recommendations had been drafted, the Work Group
reviewed them in the context of the existing guideline
recommendations to avoid unnecessary or unwarranted
discrepancies.

literature searches were added to retrieved articles and
reviewed by the Work Group.
Review of guideline development process

Several tools and checklists have been developed to assess the
quality of the methodological process for guideline development. These include the Appraisal of Guidelines for Research
and Evaluation (AGREE) criteria,446 the Conference on
Guideline Standardization (COGS) checklist,447 and the
Institute of Medicine’s recent Standards for Systematic
Reviews,448 and Clinical Practice Guideines We Can Trust.449
Table 17 and Supplementary Appdenix 2 online show,
respectively, the COGS criteria and the Institute of Medicine
standards, and how each one of them is addressed in this
Guideline.

Limitations of approach

Although the literature searches were intended to be
comprehensive, they were not exhaustive. MEDLINE was
the only database searched. Hand searches of journals were
not performed, and review articles and textbook chapters
were not systematically searched. However, important studies
known to domain experts that were missed by the electronic
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Participation in the review does not necessarily constitute endorsement of the content of this report by the
above individuals, or the organization or institution they
represent.
Gavin J Becker, MD, FRACP
David C Wheeler, MD, FRCP
Work Group Co-Chairs

Kidney International Supplements (2012) 2, 404

references

http://www.kidney-international.org
& 2012 KDIGO

References
Kidney International Supplements (2012) 2, 405–414; doi:10.1038/kisup.2012.62

1.

2.

3.

4.

5.

6.

7.
8.
9.

10.

11.

12.
13.

14.
15.

16.

17.

18.

19.

20.

21.

National Kidney Foundation. K/DOQI clinical practice guidelines on
hypertension and antihypertensive agents in chronic kidney disease.
Am J Kidney Dis 2004; 43: S1–S290.
National Kidney Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and stratification.
Am J Kidney Dis 2002; 39: S1–S266.
Levey AS, Atkins R, Coresh J et al. Chronic kidney disease as a global
public health problem: approaches and initiatives—a position statement
from Kidney Disease Improving Global Outcomes. Kidney Int 2007; 72:
247–259.
Levin NW, Kotanko P, Eckardt KU et al. Blood pressure in chronic
kidney disease stage 5D-report from a Kidney Disease: Improving Global
Outcomes controversies conference. Kidney Int 2010; 77: 273–284.
Agarwal R, Sinha AD. Cardiovascular protection with antihypertensive
drugs in dialysis patients: systematic review and meta-analysis.
Hypertension 2009; 53: 860–866.
Heerspink HJ, Ninomiya T, Zoungas S et al. Effect of lowering blood
pressure on cardiovascular events and mortality in patients on dialysis: a
systematic review and meta-analysis of randomised controlled trials.
Lancet 2009; 373: 1009–1015.
KDIGO GN Work Group. KDIGO clinical practice guideline for glomerulonephritis. Kidney inter, Suppl 2012; 2: 139–274.
Magee LA, Abalos E, von Dadelszen P et al. Control of hypertension in
pregnancy. Curr Hypertens Rep 2009; 11: 429–436.
Chobanian AV, Bakris GL, Black HR et al. Seventh report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Hypertension 2003; 42: 1206–1252.
Pickering TG, Hall JE, Appel LJ et al. Recommendations for blood
pressure measurement in humans and experimental animals: part 1:
blood pressure measurement in humans: a statement for professionals
from the Subcommittee of Professional and Public Education of the
American Heart Association Council on High Blood Pressure Research.
Circulation 2005; 111: 697–716.
Agarwal R, Andersen MJ. Prognostic importance of clinic and home
blood pressure recordings in patients with chronic kidney disease. Kidney
Int 2006; 69: 406–411.
Andersen MJ, Khawandi W, Agarwal R. Home blood pressure monitoring
in CKD. Am J Kidney Dis 2005; 45: 994–1001.
Wuhl E, Hadtstein C, Mehls O et al. Home, clinic, and ambulatory blood
pressure monitoring in children with chronic renal failure. Pediatr Res
2004; 55: 492–497.
Wuhl E, Trivelli A, Picca S et al. Strict blood-pressure control and progression of renal failure in children. N Engl J Med 2009; 361: 1639–1650.
Powers BJ, Olsen MK, Smith VA et al. Measuring blood pressure for
decision making and quality reporting: where and how many measures?
Ann Intern Med 2011; 154: 781–788, W-289–W-790.
Astor BC, Matsushita K, Gansevoort RT et al. Lower estimated glomerular
filtration rate and higher albuminuria are associated with mortality and
end-stage renal disease. A collaborative meta-analysis of kidney disease
population cohorts. Kidney Int 2011; 79: 1331–1340.
Gansevoort RT, Matsushita K, van der Velde M et al. Lower estimated GFR
and higher albuminuria are associated with adverse kidney outcomes. A
collaborative meta-analysis of general and high-risk population cohorts.
Kidney Int 2011; 80: 93–104.
Matsushita K, van der Velde M, Astor BC et al. Association of estimated
glomerular filtration rate and albuminuria with all-cause and cardiovascular mortality in general population cohorts: a collaborative metaanalysis. Lancet 2010; 375: 2073–2081.
van der Velde M, Matsushita K, Coresh J et al. Lower estimated
glomerular filtration rate and higher albuminuria are associated with allcause and cardiovascular mortality. A collaborative meta-analysis of
high-risk population cohorts. Kidney Int 2011; 79: 1341–1352.
Levey AS, de Jong PE, Coresh J et al. The definition, classification, and
prognosis of chronic kidney disease: a KDIGO Controversies Conference
report. Kidney Int 2011; 80: 17–28.
Lewington S, Clarke R, Qizilbash N et al. Age-specific relevance of usual
blood pressure to vascular mortality: a meta-analysis of individual data

Kidney International Supplements (2012) 2, 405–414

22.
23.

24.

25.

26.

27.
28.

29.

30.

31.
32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

for one million adults in 61 prospective studies. Lancet 2002; 360:
1903–1913.
Lewis JB. Blood pressure control in chronic kidney disease: is less really
more? J Am Soc Nephrol 2010; 21: 1086–1092.
Ahmed AK, Kamath NS, El Kossi M et al. The impact of stopping inhibitors
of the renin-angiotensin system in patients with advanced chronic
kidney disease. Nephrol Dial Transplant 2010; 25: 3977–3982.
de Zeeuw D, Lambers-Heerspink H. Drug dosing for renoprotection:
maybe it’s time for a drug efficacy-safety score? J Am Soc Nephrol 2009; 20:
688–689.
Mason NA, Bailie GR, Satayathum S et al. HMG-coenzyme a reductase
inhibitor use is associated with mortality reduction in hemodialysis
patients. Am J Kidney Dis 2005; 45: 119–126.
Fellstrom BC, Jardine AG, Schmieder RE et al. Rosuvastatin and
cardiovascular events in patients undergoing hemodialysis. N Engl J
Med 2009; 360: 1395–1407.
Wanner C, Krane V, Marz W et al. Atorvastatin in patients with type 2
diabetes mellitus undergoing hemodialysis. N Engl J Med 2005; 353: 238–248.
Muntner P, He J, Astor BC et al. Traditional and nontraditional risk factors
predict coronary heart disease in chronic kidney disease: results from the
atherosclerosis risk in communities study. J Am Soc Nephrol 2005; 16:
529–538.
Li Z, Lacson E, Jr., Lowrie EG et al. The epidemiology of systolic blood
pressure and death risk in hemodialysis patients. Am J Kidney Dis 2006;
48: 606–615.
National Kidney Foundation. KDOQI clinical practice guidelines and
clinical practice recommendations for diabetes and chronic kidney
disease. Am J Kidney Dis 2007; 49: S1–S179.
Acelajado MC, Oparil S. Hypertension in the elderly. Clin Geriatr Med
2009; 25: 391–412.
Covic A, Gusbeth-Tatomir P, Goldsmith DJ. Arterial stiffness in renal
patients: an update. Am J Kidney Dis 2005; 45: 965–977.
London GM, Guerin AP, Verbeke FH et al. Mineral metabolism and arterial
functions in end-stage renal disease: potential role of 25-hydroxyvitamin
D deficiency. J Am Soc Nephrol 2007; 18: 613–620.
Ohya Y, Iseki K, Iseki C et al. Increased pulse wave velocity is associated
with low creatinine clearance and proteinuria in a screened cohort. Am J
Kidney Dis 2006; 47: 790–797.
Pannier B, Guerin AP, Marchais SJ et al. Stiffness of capacitive and
conduit arteries: prognostic significance for end-stage renal disease
patients. Hypertension 2005; 45: 592–596.
Toussaint ND, Lau KK, Strauss BJ et al. Associations between vascular
calcification, arterial stiffness and bone mineral density in chronic kidney
disease. Nephrol Dial Transplant 2008; 23: 586–593.
Cockcroft JR, Wilkinson IB, Evans M et al. Pulse pressure predicts
cardiovascular risk in patients with type 2 diabetes mellitus. Am J
Hypertens 2005; 18: 1463–1467; discussion 1468–1469.
Domanski MJ, Davis BR, Pfeffer MA et al. Isolated systolic hypertension:
prognostic information provided by pulse pressure. Hypertension 1999;
34: 375–380.
Schram MT, Kostense PJ, Van Dijk RA et al. Diabetes, pulse pressure and
cardiovascular mortality: the Hoorn Study. J Hypertens 2002; 20:
1743–1751.
Messerli FH, Mancia G, Conti CR et al. Dogma disputed: can aggressively
lowering blood pressure in hypertensive patients with coronary artery
disease be dangerous? Ann Intern Med 2006; 144: 884–893.
Somes GW, Pahor M, Shorr RI et al. The role of diastolic blood pressure
when treating isolated systolic hypertension. Arch Intern Med 1999; 159:
2004–2009.
Denardo SJ, Gong Y, Nichols WW et al. Blood pressure and outcomes in
very old hypertensive coronary artery disease patients: an INVEST
substudy. Am J Med 2010; 123: 719–726.
Oates DJ, Berlowitz DR, Glickman ME et al. Blood pressure and survival in
the oldest old. J Am Geriatr Soc 2007; 55: 383–388.
Benvenuto LJ, Krakoff LR. Morbidity and mortality of orthostatic
hypotension: implications for management of cardiovascular disease.
Am J Hypertens 2011; 24: 135–144.

405

references

45.

46.
47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.
59.

60.
61.
62.
63.

64.

65.

66.

67.
68.

69.
70.

71.
72.

406

Wu JS, Yang YC, Lu FH et al. Population-based study on the prevalence
and correlates of orthostatic hypotension/hypertension and orthostatic
dizziness. Hypertens Res 2008; 31: 897–904.
Alderman MH. Salt, blood pressure, and human health. Hypertension
2000; 36: 890–893.
Jones DW, Kim JS, Andrew ME et al. Body mass index and blood pressure
in Korean men and women: the Korean National Blood Pressure Survey. J
Hypertens 1994; 12: 1433–1437.
Whelton SP, Chin A, Xin X et al. Effect of aerobic exercise on blood
pressure: a meta-analysis of randomized, controlled trials. Ann Intern Med
2002; 136: 493–503.
Chen L, Davey Smith G, Harbord RM et al. Alcohol intake and blood
pressure: a systematic review implementing a Mendelian randomization
approach. PLoS Med 2008; 5: e52.
Brown CD, Higgins M, Donato KA et al. Body mass index and the
prevalence of hypertension and dyslipidemia. Obes Res 2000; 8: 605–619.
The Obesity in Asia Collaboration. Is central obesity a better
discriminator of the risk of hypertension than body mass index in
ethnically diverse populations? J Hypertens 2008; 26: 169–177.
Whitlock G, Lewington S, Sherliker P et al. Body-mass index and causespecific mortality in 900 000 adults: collaborative analyses of 57
prospective studies. Lancet 2009; 373: 1083–1096.
Dickinson HO, Mason JM, Nicolson DJ et al. Lifestyle interventions to
reduce raised blood pressure: a systematic review of randomized
controlled trials. J Hypertens 2006; 24: 215–233.
Navaneethan SD, Yehnert H, Moustarah F et al. Weight loss interventions
in chronic kidney disease: a systematic review and meta-analysis. Clin J
Am Soc Nephrol 2009; 4: 1565–1574.
Buchwald H, Estok R, Fahrbach K et al. Weight and type 2 diabetes after
bariatric surgery: systematic review and meta-analysis. Am J Med 2009;
122: 248–256 e245.
James WP, Caterson ID, Coutinho W et al. Effect of sibutramine on
cardiovascular outcomes in overweight and obese subjects. N Engl J Med
2010; 363: 905–917.
Topol EJ, Bousser MG, Fox KA et al. Rimonabant for prevention of
cardiovascular events (CRESCENDO): a randomised, multicentre, placebocontrolled trial. Lancet 2010; 376: 517–523.
Kalantar-Zadeh K, Abbott KC, Salahudeen AK et al. Survival advantages of
obesity in dialysis patients. Am J Clin Nutr 2005; 81: 543–554.
Pifer TB, McCullough KP, Port FK et al. Mortality risk in hemodialysis
patients and changes in nutritional indicators: DOPPS. Kidney Int 2002;
62: 2238–2245.
Hoogeveen EK, Halbesma N, Rothman KJ et al. Obesity and mortality risk
among younger dialysis patients. Clin J Am Soc Nephrol 2012; 7: 280–288.
World Health Organization. Prevention of Cardiovascular Disease: Guidelines for Assessment and Management of Total Cardiovascular Risk. 2007.
Hooper L, Bartlett C, Davey Smith G et al. Systematic review of long term
effects of advice to reduce dietary salt in adults. BMJ 2002; 325: 628.
Esnault VL, Ekhlas A, Delcroix C et al. Diuretic and enhanced sodium
restriction results in improved antiproteinuric response to RAS blocking
agents. J Am Soc Nephrol 2005; 16: 474–481.
Phillips CO, Kashani A, Ko DK et al. Adverse effects of combination
angiotensin II receptor blockers plus angiotensin-converting enzyme
inhibitors for left ventricular dysfunction: a quantitative review of data
from randomized clinical trials. Arch Intern Med 2007; 167: 1930–1936.
Slagman MC, Waanders F, Hemmelder MH et al. Moderate dietary
sodium restriction added to angiotensin converting enzyme inhibition
compared with dual blockade in lowering proteinuria and blood
pressure: randomised controlled trial. BMJ 2011; 343: d4366.
Vogt L, Waanders F, Boomsma F et al. Effects of dietary sodium and
hydrochlorothiazide on the antiproteinuric efficacy of losartan. J Am Soc
Nephrol 2008; 19: 999–1007.
Ekinci EI, Clarke S, Thomas MC et al. Dietary salt intake and mortality in
patients with type 2 diabetes. Diabetes Care 2011; 34: 703–709.
Thomas MC, Moran J, Forsblom C et al. The association between dietary
sodium intake, ESRD, and all-cause mortality in patients with type 1
diabetes. Diabetes Care 2011; 34: 861–866.
Chen JL, Lerner D, Ruthazer R et al. Association of physical activity with
mortality in chronic kidney disease. J Nephrol 2008; 21: 243–252.
O’Hare AM, Tawney K, Bacchetti P et al. Decreased survival among
sedentary patients undergoing dialysis: results from the dialysis
morbidity and mortality study wave 2. Am J Kidney Dis 2003; 41: 447–454.
Stack AG, Molony DA, Rives T et al. Association of physical activity with
mortality in the US dialysis population. Am J Kidney Dis 2005; 45: 690–701.
World Health Organization. International Guide for Monitoring Alcohol
Consumption and Related Harm. 2000.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.
86.

87.

88.
89.
90.
91.

92.

93.

94.

95.
96.

97.

98.

Jee SH, Miller ER, 3rd, Guallar E et al. The effect of magnesium supplementation on blood pressure: a meta-analysis of randomized clinical trials.
Am J Hypertens 2002; 15: 691–696.
Campbell F, Dickinson HO, Critchley JA et al. A systematic review of
fish-oil supplements for the prevention and treatment of hypertension. Eur J
Prev Cardiol 2012 (in press).
Donadio JV, Jr., Bergstralh EJ, Offord KP et al. A controlled trial of fish oil in
IgA nephropathy. Mayo Nephrology Collaborative Group. N Engl J Med
1994; 331: 1194–1199.
Swan SK, Olyaei A, Sica D. Clinical pharmacology for the nephrologist.
NephSap 2010; 9: 220–264.
Agarwal R, Andersen MJ. Blood pressure recordings within and outside the
clinic and cardiovascular events in chronic kidney disease. Am J Nephrol
2006; 26: 503–510.
Davidson MB, Hix JK, Vidt DG et al. Association of impaired diurnal blood
pressure variation with a subsequent decline in glomerular filtration rate.
Arch Intern Med 2006; 166: 846–852.
Minutolo R, Agarwal R, Borrelli S et al. Prognostic role of ambulatory blood
pressure measurement in patients with nondialysis chronic kidney disease.
Arch Intern Med 2011; 171: 1090–1098.
Hermida RC, Ayala DE, Mojon A et al. Influence of circadian time of
hypertension treatment on cardiovascular risk: results of the MAPEC study.
Chronobiol Int 2010; 27: 1629–1651.
Hermida RC, Ayala DE, Mojon A et al. Decreasing sleep-time blood pressure
determined by ambulatory monitoring reduces cardiovascular risk. J Am Coll
Cardiol 2011; 58: 1165–1173.
Hermida RC, Ayala DE, Mojon A et al. Bedtime dosing of antihypertensive
medications reduces cardiovascular risk in CKD. J Am Soc Nephrol 2011; 22:
2313–2321.
Gupta AK, Arshad S, Poulter NR. Compliance, safety, and effectiveness of
fixed-dose combinations of antihypertensive agents: a meta-analysis.
Hypertension 2010; 55: 399–407.
US Food and Drug Administration. Public health advisory: Angiotensinconverting enzyme inhibitor (ACE inhibitor) drugs and pregnancy. http://
www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationfor
PatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/
PublicHealthAdvisories/ucm053113.htm (accessed 2 July 2012).
Barreras A, Gurk-Turner C. Angiotensin II receptor blockers. Proc (Bayl Univ
Med Cent) 2003; 16: 123–126.
Matchar DB, McCrory DC, Orlando LA et al. Systematic review: comparative
effectiveness of angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers for treating essential hypertension. Ann Intern
Med 2008; 148: 16–29.
Holtkamp FA, de Zeeuw D, Thomas MC et al. An acute fall in estimated
glomerular filtration rate during treatment with losartan predicts a slower
decrease in long-term renal function. Kidney Int 2011; 80: 282–287.
Weir MR. Acute fall in glomerular filtration rate with renin-angiotensin system
inhibition: a biomeasure of therapeutic success? Kidney Int 2011; 80: 235–237.
Bomback AS, Klemmer PJ. The incidence and implications of aldosterone
breakthrough. Nat Clin Pract Nephrol 2007; 3: 486–492.
Palmer BF. Renal dysfunction complicating the treatment of hypertension. N Engl J Med 2002; 347: 1256–1261.
Bridoux F, Hazzan M, Pallot JL et al. Acute renal failure after the use of
angiotensin-converting-enzyme inhibitors in patients without renal
artery stenosis. Nephrol Dial Transplant 1992; 7: 100–104.
Kohli HS, Bhaskaran MC, Muthukumar T et al. Treatment-related acute
renal failure in the elderly: a hospital-based prospective study. Nephrol
Dial Transplant 2000; 15: 212–217.
Wynckel A, Ebikili B, Melin JP et al. Long-term follow-up of acute renal
failure caused by angiotensin converting enzyme inhibitors. Am J
Hypertens 1998; 11: 1080–1086.
Adhiyaman V, Asghar M, Oke A et al. Nephrotoxicity in the elderly due to
co-prescription of angiotensin converting enzyme inhibitors and
nonsteroidal anti-inflammatory drugs. J R Soc Med 2001; 94: 512–514.
Loboz KK, Shenfield GM. Drug combinations and impaired renal function
— the ‘triple whammy’. Br J Clin Pharmacol 2005; 59: 239–243.
Jafar TH, Stark PC, Schmid CH et al. Progression of chronic kidney
disease: the role of blood pressure control, proteinuria, and angiotensinconverting enzyme inhibition: a patient-level meta-analysis. Ann Intern
Med 2003; 139: 244–252.
Balamuthusamy S, Srinivasan L, Verma M et al. Renin angiotensin system
blockade and cardiovascular outcomes in patients with chronic kidney
disease and proteinuria: a meta-analysis. Am Heart J 2008; 155: 791–805.
Oregon Health Resources Commission. Direct Renin Inhibitors, Angiotensin Converting Enzyme Inhibitors, and Angiotensin II Receptor Blockers
Draft. January 2010.

Kidney International Supplements (2012) 2, 405–414

references

99.
100.
101.

102.
103.

104.
105.
106.

107.

108.

109.

110.
111.

112.
113.

114.

115.
116.

117.

118.
119.

120.

121.

122.

123.

124.
125.
126.

Oregon Health Resources Commission. Angiotensin-Converting Enzyme
Inhibitors (ACEIs) Subcommittee Report Update. July 2005.
Oregon Health Resources Commission. Angiotensin II Receptor Antagonists (AIIRA) Subcommittee Report. March 2006.
Bakris GL, Sarafidis PA, Weir MR et al. Renal outcomes with different
fixed-dose combination therapies in patients with hypertension at high
risk for cardiovascular events (ACCOMPLISH): a prespecified secondary
analysis of a randomised controlled trial. Lancet 2010; 375: 1173–1181.
Batterink J, Stabler SN, Tejani AM et al. Spironolactone for hypertension.
Cochrane Database Syst Rev 2010: CD008169.
Becker GJ, Hewitson TD, Chrysostomou A. Aldosterone in clinical
nephrology–old hormone, new questions. Nephrol Dial Transplant
2009; 24: 2316–2321.
Epstein M. Aldosterone as a mediator of progressive renal disease:
pathogenetic and clinical implications. Am J Kidney Dis 2001; 37: 677–688.
Goodfriend TL. Treating resistant hypertension with a neglected old
drug. Hypertension 2007; 49: 763–764.
Epstein M, Williams GH, Weinberger M et al. Selective aldosterone
blockade with eplerenone reduces albuminuria in patients with type 2
diabetes. Clin J Am Soc Nephrol 2006; 1: 940–951.
Bomback AS, Kshirsagar AV, Amamoo MA et al. Change in proteinuria after
adding aldosterone blockers to ACE inhibitors or angiotensin receptor
blockers in CKD: a systematic review. Am J Kidney Dis 2008; 51: 199–211.
Mehdi UF, Adams-Huet B, Raskin P et al. Addition of angiotensin receptor
blockade or mineralocorticoid antagonism to maximal angiotensinconverting enzyme inhibition in diabetic nephropathy. J Am Soc Nephrol
2009; 20: 2641–2650.
Bianchi S, Bigazzi R, Campese VM. Long-term effects of spironolactone
on proteinuria and kidney function in patients with chronic kidney
disease. Kidney Int 2006; 70: 2116–2123.
Toto RD. Aldosterone blockade in chronic kidney disease: can it improve
outcome? Curr Opin Nephrol Hypertens 2010; 19: 444–449.
Rebello S, Compain S, Feng A et al. Effect of cyclosporine on the
pharmacokinetics of aliskiren in healthy subjects. J Clin Pharmacol 2011;
51: 1549–1560.
Parving HH, Persson F, Lewis JB et al. Aliskiren combined with losartan in
type 2 diabetes and nephropathy. N Engl J Med 2008; 358: 2433–2446.
Parving HH, Brenner BM, McMurray JJ et al. Aliskiren Trial in Type 2
Diabetes Using Cardio-Renal Endpoints (ALTITUDE): rationale and study
design. Nephrol Dial Transplant 2009; 24: 1663–1671.
US Food and Drug Administration. FDA drug safety communication:
New warning and contraindication for blood pressure medicines
containing aliskiren (Tekturna). (http://www.fda.gov/Drugs/DrugSafety/
ucm300889.htm).
Ernst ME, Moser M. Use of diuretics in patients with hypertension. N Engl
J Med 2009; 361: 2153–2164.
Bakris G, Molitch M, Hewkin A et al. Differences in glucose tolerance
between fixed-dose antihypertensive drug combinations in people with
metabolic syndrome. Diabetes Care 2006; 29: 2592–2597.
National Clinical Guideline Center. Hypertension. The Clinical Management of Primary Hypertension in Adults. Clinical Guideline 127. Commissioned by the National Institute for Health and Clinical Excellence, 2011.
Gallagher M, Perkovic V, Chalmers J. Diuretics: a modern day treatment
option? Nephrology (Carlton) 2006; 11: 419–427.
Duarte JD, Cooper-DeHoff RM. Mechanisms for blood pressure lowering
and metabolic effects of thiazide and thiazide-like diuretics. Expert Rev
Cardiovasc Ther 2010; 8: 793–802.
Dussol B, Moussi-Frances J, Morange S et al. A randomized trial of
furosemide vs hydrochlorothiazide in patients with chronic renal failure
and hypertension. Nephrol Dial Transplant 2005; 20: 349–353.
Musini VM, Wright JM, Bassett K et al. Blood pressure lowering efficacy of
loop diuretics for primary hypertension. Cochrane Database Syst Rev
2009: CD003825.
Bakris G. An in-depth analysis of vasodilation in the management of
hypertension: focus on adrenergic blockade. J Cardiovasc Pharmacol
2009; 53: 379–387.
Frishman WH, Alwarshetty M. Beta-adrenergic blockers in systemic
hypertension: pharmacokinetic considerations related to the current
guidelines. Clin Pharmacokinet 2002; 41: 505–516.
Ram CV. Beta-blockers in hypertension. Am J Cardiol 2010; 106:
1819–1825.
Oregon Health Resources Commission. Beta Adrenergic Blockers Pharmaceutical Subcommittee Report. Update #3, March 2008.
Badve SV, Roberts MA, Hawley CM et al. Effects of beta-adrenergic
antagonists in patients with chronic kidney disease: a systematic review
and meta-analysis. J Am Coll Cardiol 2011; 58: 1152–1161.

Kidney International Supplements (2012) 2, 405–414

127. Chen JM, Heran BS, Perez MI et al. Blood pressure lowering efficacy of
beta-blockers as second-line therapy for primary hypertension. Cochrane
Database Syst Rev 2010: CD007185.
128. Ritz E, Rump LC. Do beta-blockers combined with RAS inhibitors make
sense after all to protect against renal injury? Curr Hypertens Rep 2007; 9:
409–414.
129. Sica DA, Gehr TW. Calcium-channel blockers and end-stage renal disease:
pharmacokinetic and pharmacodynamic considerations. Curr Opin
Nephrol Hypertens 2003; 12: 123–131.
130. Bakris GL, Weir MR, Secic M et al. Differential effects of calcium
antagonist subclasses on markers of nephropathy progression. Kidney Int
2004; 65: 1991–2002.
131. Oregon Health Resources Commission. Calcium Channel Blocker Subcommittee Report Update #2. May 2005.
132. Hart P, Bakris GL. Calcium antagonists: Do they equally protect against
kidney injury? Kidney Int 2008; 73: 795–796.
133. Fenton C, Keating GM, Lyseng-Williamson KA. Moxonidine: a review of its
use in essential hypertension. Drugs 2006; 66: 477–496.
134. Sica DA. Centrally acting antihypertensive agents: an update. J Clin
Hypertens (Greenwich) 2007; 9: 399–405.
135. Vonend O, Marsalek P, Russ H et al. Moxonidine treatment of
hypertensive patients with advanced renal failure. J Hypertens 2003;
21: 1709–1717.
136. Cohn JN, Pfeffer MA, Rouleau J et al. Adverse mortality effect of central
sympathetic inhibition with sustained-release moxonidine in patients
with heart failure (MOXCON). Eur J Heart Fail 2003; 5: 659–667.
137. Keith DS, Nichols GA, Gullion CM et al. Longitudinal follow-up and
outcomes among a population with chronic kidney disease in a large
managed care organization. Arch Intern Med 2004; 164: 659–663.
138. Menon V, Sarnak MJ. The epidemiology of chronic kidney disease stages
1 to 4 and cardiovascular disease: a high-risk combination. Am J Kidney
Dis 2005; 45: 223–232.
139. Upadhyay A, Earley A, Haynes SM et al. Systematic review: blood
pressure target in chronic kidney disease and proteinuria as an effect
modifier. Ann Intern Med 2011; 154: 541–548.
140. Appel LJ, Wright JT, Jr, Greene T et al. Intensive blood-pressure control in
hypertensive chronic kidney disease. N Engl J Med 2010; 363: 918–929.
141. Jafar TH, Schmid CH, Landa M et al. Angiotensin-converting enzyme
inhibitors and progression of nondiabetic renal disease. A meta-analysis
of patient-level data. Ann Intern Med 2001; 135: 73–87.
142. Peterson JC, Adler S, Burkart JM et al. Blood pressure control, proteinuria,
and the progression of renal disease. The Modification of Diet in Renal
Disease Study. Ann Intern Med 1995; 123: 754–762.
143. Chobanian AV, Bakris GL, Black HR et al. The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA 2003; 289:
2560–2572.
144. Vasan RS, Larson MG, Leip EP et al. Impact of high-normal blood pressure
on the risk of cardiovascular disease. N Engl J Med 2001; 345: 1291–1297.
145. Fox CS, Larson MG, Leip EP et al. Predictors of new-onset kidney disease
in a community-based population. JAMA 2004; 291: 844–850.
146. Hsu CY, Iribarren C, McCulloch CE et al. Risk factors for end-stage renal
disease: 25-year follow-up. Arch Intern Med 2009; 169: 342–350.
147. Hsu CY, McCulloch CE, Darbinian J et al. Elevated blood pressure and risk
of end-stage renal disease in subjects without baseline kidney disease.
Arch Intern Med 2005; 165: 923–928.
148. Klag MJ, Whelton PK, Randall BL et al. Blood pressure and end-stage
renal disease in men. N Engl J Med 1996; 334: 13–18.
149. Beckett NS, Peters R, Fletcher AE et al. Treatment of hypertension in
patients 80 years of age or older. N Engl J Med 2008; 358: 1887–1898.
150. Turnbull F, Neal B, Ninomiya T et al. Effects of different regimens to lower
blood pressure on major cardiovascular events in older and younger
adults: meta-analysis of randomised trials. BMJ 2008; 336: 1121–1123.
151. SHEP Cooperative Research Group. Prevention of stroke by antihypertensive drug treatment in older persons with isolated systolic hypertension. Final results of the Systolic Hypertension in the Elderly
Program (SHEP). SHEP Cooperative Research Group. JAMA 1991; 265:
3255–3264.
152. Go AS, Chertow GM, Fan D et al. Chronic kidney disease and the risks of
death, cardiovascular events, and hospitalization. N Engl J Med 2004;
351: 1296–1305.
153. Sarnak MJ, Levey AS, Schoolwerth AC et al. Kidney disease as a risk factor
for development of cardiovascular disease: a statement from the
American Heart Association Councils on Kidney in Cardiovascular
Disease, High Blood Pressure Research, Clinical Cardiology, and
Epidemiology and Prevention. Circulation 2003; 108: 2154–2169.

407

references

154. Pfeffer MA, Burdmann EA, Chen CY et al. A trial of darbepoetin alfa in
type 2 diabetes and chronic kidney disease. N Engl J Med 2009; 361:
2019–2032.
155. Singh AK, Szczech L, Tang KL et al. Correction of anemia with epoetin alfa
in chronic kidney disease. N Engl J Med 2006; 355: 2085–2098.
156. Atkins D, Best D, Briss PA et al. Grading quality of evidence and strength
of recommendations. BMJ 2004; 328: 1490–1494.
157. Uhlig K, Macleod A, Craig J et al. Grading evidence and recommendations for clinical practice guidelines in nephrology. A position statement
from Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int
2006; 70: 2058–2065.
158. Weiner DE, Tighiouart H, Levey AS et al. Lowest systolic blood pressure is
associated with stroke in stages 3 to 4 chronic kidney disease. J Am Soc
Nephrol 2007; 18: 960–966.
159. Cushman WC, Evans GW, Byington RP et al. Effects of intensive bloodpressure control in type 2 diabetes mellitus. N Engl J Med 2010; 362:
1575–1585.
160. Pahor M, Shorr RI, Somes GW et al. Diuretic-based treatment and
cardiovascular events in patients with mild renal dysfunction enrolled in
the systolic hypertension in the elderly program. Arch Intern Med 1998;
158: 1340–1345.
161. National Institute for Health and Clinical Excellence. Chronic Kidney
Disease: Early Identification and Management of Chronic Kidney Disease in
Adults in Primary and Secondary Care. National Institute for Health and
Clinical Excellence. NICE Clinical Guideline 73. 2008.
162. Hallan SI, Ritz E, Lydersen S et al. Combining GFR and albuminuria to
classify CKD improves prediction of ESRD. J Am Soc Nephrol 2009; 20:
1069–1077.
163. Hemmelgarn BR, Manns BJ, Lloyd A et al. Relation between kidney
function, proteinuria, and adverse outcomes. JAMA 2010; 303: 423–429.
164. Hillege HL, Fidler V, Diercks GF et al. Urinary albumin excretion predicts
cardiovascular and noncardiovascular mortality in general population.
Circulation 2002; 106: 1777–1782.
165. Wachtell K, Ibsen H, Olsen MH et al. Albuminuria and cardiovascular risk
in hypertensive patients with left ventricular hypertrophy: the LIFE study.
Ann Intern Med 2003; 139: 901–906.
166. Sarnak MJ, Greene T, Wang X et al. The effect of a lower target blood
pressure on the progression of kidney disease: long-term follow-up of
the modification of diet in renal disease study. Ann Intern Med 2005; 142:
342–351.
167. Ruilope LM, Salvetti A, Jamerson K et al. Renal function and intensive
lowering of blood pressure in hypertensive participants of the hypertension optimal treatment (HOT) study. J Am Soc Nephrol 2001; 12: 218–225.
168. Hunsicker LG, Adler S, Caggiula A et al. Predictors of the progression of
renal disease in the Modification of Diet in Renal Disease Study. Kidney
Int 1997; 51: 1908–1919.
169. Klahr S, Levey AS, Beck GJ et al. The effects of dietary protein restriction
and blood-pressure control on the progression of chronic renal disease.
Modification of Diet in Renal Disease Study Group. N Engl J Med 1994;
330: 877–884.
170. Ruggenenti P, Perna A, Loriga G et al. Blood-pressure control for
renoprotection in patients with non-diabetic chronic renal disease (REIN2): multicentre, randomised controlled trial. Lancet 2005; 365: 939–946.
171. National Heart Lung and Blood Institute. NIH blood pressure trial
expands into include more older adults. http://public.nhlbi.nih.gov/
newsroom/home/GetPressRelease.aspx?id=2737.
172. National Heart Lung and Blood Institute. NIH launches multicenter
clinical trial to test blood pressure strategy. http://public.nhlbi.nih.gov/
newsroom/home/GetPressRelease.aspx?id=2667.
173. Mann JF, Gerstein HC, Pogue J et al. Renal insufficiency as a predictor of
cardiovascular outcomes and the impact of ramipril: the HOPE
randomized trial. Ann Intern Med 2001; 134: 629–636.
174. Mann JF, Gerstein HC, Yi QL et al. Development of renal disease in
people at high cardiovascular risk: results of the HOPE randomized study.
J Am Soc Nephrol 2003; 14: 641–647.
175. Rahman M, Pressel S, Davis BR et al. Renal outcomes in high-risk hypertensive patients treated with an angiotensin-converting enzyme
inhibitor or a calcium channel blocker vs a diuretic: a report from the
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT). Arch Intern Med 2005; 165: 936–946.
176. Rahman M, Pressel S, Davis BR et al. Cardiovascular outcomes in high-risk
hypertensive patients stratified by baseline glomerular filtration rate.
Ann Intern Med 2006; 144: 172–180.
177. Agodoa LY, Appel L, Bakris GL et al. Effect of ramipril vs amlodipine on
renal outcomes in hypertensive nephrosclerosis: a randomized controlled trial. JAMA 2001; 285: 2719–2728.

408

178. Saruta T, Hayashi K, Ogihara T et al. Effects of candesartan and
amlodipine on cardiovascular events in hypertensive patients with
chronic kidney disease: subanalysis of the CASE-J Study. Hypertens Res
2009; 32: 505–512.
179. Mann JF, Schmieder RE, Dyal L et al. Effect of telmisartan on renal
outcomes: a randomized trial. Ann Intern Med 2009; 151: 1–10, W11–W12.
180. Makino H, Haneda M, Babazono T et al. Prevention of transition from
incipient to overt nephropathy with telmisartan in patients with type 2
diabetes. Diabetes Care 2007; 30: 1577–1578.
181. Parving HH, Lehnert H, Brochner-Mortensen J et al. The effect of
irbesartan on the development of diabetic nephropathy in patients with
type 2 diabetes. N Engl J Med 2001; 345: 870–878.
182. Brenner BM, Cooper ME, de Zeeuw D et al. Effects of losartan on renal
and cardiovascular outcomes in patients with type 2 diabetes and
nephropathy. N Engl J Med 2001; 345: 861–869.
183. Estacio RO, Jeffers BW, Gifford N et al. Effect of blood pressure control on
diabetic microvascular complications in patients with hypertension and
type 2 diabetes. Diabetes Care 2000; 23 (Suppl 2): B54–B64.
184. Lewis EJ, Hunsicker LG, Clarke WR et al. Renoprotective effect of the
angiotensin-receptor antagonist irbesartan in patients with nephropathy
due to type 2 diabetes. N Engl J Med 2001; 345: 851–860.
185. Yusuf S, Sleight P, Pogue J et al. Effects of an angiotensin-convertingenzyme inhibitor, ramipril, on cardiovascular events in high-risk patients.
The Heart Outcomes Prevention Evaluation Study Investigators. N Engl J
Med 2000; 342: 145–153.
186. Perkovic V, Ninomiya T, Arima H et al. Chronic kidney disease, cardiovascular events, and the effects of perindopril-based blood pressure
lowering: data from the PROGRESS study. J Am Soc Nephrol 2007; 18:
2766–2772.
187. Solomon SD, Rice MM, K AJ et al. Renal function and effectiveness of
angiotensin-converting enzyme inhibitor therapy in patients with
chronic stable coronary disease in the Prevention of Events with ACE
inhibition (PEACE) trial. Circulation 2006; 114: 26–31.
188. Solomon SD, Lin J, Solomon CG et al. Influence of albuminuria on
cardiovascular risk in patients with stable coronary artery disease.
Circulation 2007; 116: 2687–2693.
189. Brugts JJ, Boersma E, Chonchol M et al. The cardioprotective effects of
the angiotensin-converting enzyme inhibitor perindopril in patients with
stable coronary artery disease are not modified by mild to moderate
renal insufficiency: insights from the EUROPA trial. J Am Coll Cardiol 2007;
50: 2148–2155.
190. Asselbergs FW, Diercks GF, Hillege HL et al. Effects of fosinopril and
pravastatin on cardiovascular events in subjects with microalbuminuria.
Circulation 2004; 110: 2809–2816.
191. Li PK, Leung CB, Chow KM et al. Hong Kong study using valsartan in IgA
nephropathy (HKVIN): a double-blind, randomized, placebo-controlled
study. Am J Kidney Dis 2006; 47: 751–760.
192. Hou FF, Zhang X, Zhang GH et al. Efficacy and safety of benazepril
for advanced chronic renal insufficiency. N Engl J Med 2006; 354:
131–140.
193. Heerspink HL, de Zeeuw D. Composite renal endpoints: was ACCOMPLISH accomplished? Lancet 2010; 375: 1140–1142.
194. Caramori ML, Fioretto P, Mauer M. Low glomerular filtration rate in
normoalbuminuric type 1 diabetic patients: an indicator of more
advanced glomerular lesions. Diabetes 2003; 52: 1036–1040.
195. Kramer HJ, Nguyen QD, Curhan G et al. Renal insufficiency in the absence
of albuminuria and retinopathy among adults with type 2 diabetes
mellitus. JAMA 2003; 289: 3273–3277.
196. MacIsaac RJ, Panagiotopoulos S, McNeil KJ et al. Is nonalbuminuric renal
insufficiency in type 2 diabetes related to an increase in intrarenal
vascular disease? Diabetes Care 2006; 29: 1560–1566.
197. Perkins BA, Ficociello LH, Roshan B et al. In patients with type 1 diabetes
and new-onset microalbuminuria the development of advanced chronic
kidney disease may not require progression to proteinuria. Kidney Int
2010; 77: 57–64.
198. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the
prevention of cardiovascular disease: meta-analysis of 147 randomised
trials in the context of expectations from prospective epidemiological
studies. BMJ 2009; 338: b1665.
199. Czernichow S, Zanchetti A, Turnbull F et al. The effects of blood pressure
reduction and of different blood pressure-lowering regimens on major
cardiovascular events according to baseline blood pressure: metaanalysis of randomized trials. J Hypertens 2011; 29: 4–16.
200. O’Seaghdha CM, Perkovic V, Lam TH et al. Blood pressure is a major risk
factor for renal death: an analysis of 560 352 participants from the
Asia-Pacific region. Hypertension 2009; 54: 509–515.

Kidney International Supplements (2012) 2, 405–414

references

201. Stamler J, Vaccaro O, Neaton JD et al. Diabetes, other risk factors, and 12yr cardiovascular mortality for men screened in the Multiple Risk Factor
Intervention Trial. Diabetes Care 1993; 16: 434–444.
202. White SL, Chadban SJ, Jan S et al. How can we achieve global equity in
provision of renal replacement therapy? Bull World Health Organ 2008;
86: 229–237.
203. Adler AI, Stevens RJ, Manley SE et al. Development and progression of
nephropathy in type 2 diabetes: the United Kingdom Prospective
Diabetes Study (UKPDS 64). Kidney Int 2003; 63: 225–232.
204. Ritz E, Dikow R. Hypertension and antihypertensive treatment of diabetic
nephropathy. Nat Clin Pract Nephrol 2006; 2: 562–567.
205. Janka HU, Warram JH, Rand LI et al. Risk factors for progression of background retinopathy in long-standing IDDM. Diabetes 1989; 38: 460–464.
206. Klein R, Klein BE, Moss SE et al. Is blood pressure a predictor of the
incidence or progression of diabetic retinopathy? Arch Intern Med 1989;
149: 2427–2432.
207. Knowler WC, Bennett PH, Ballintine EJ. Increased incidence of retinopathy in diabetics with elevated blood pressure. A six-year follow-up
study in Pima Indians. N Engl J Med 1980; 302: 645–650.
208. Teuscher A, Schnell H, Wilson PW. Incidence of diabetic retinopathy and
relationship to baseline plasma glucose and blood pressure. Diabetes
Care 1988; 11: 246–251.
209. Gaede P, Lund-Andersen H, Parving HH et al. Effect of a multifactorial
intervention on mortality in type 2 diabetes. N Engl J Med 2008; 358:
580–591.
210. Gaede P, Tarnow L, Vedel P et al. Remission to normoalbuminuria during
multifactorial treatment preserves kidney function in patients with type
2 diabetes and microalbuminuria. Nephrol Dial Transplant 2004; 19:
2784–2788.
211. Gaede P, Vedel P, Larsen N et al. Multifactorial intervention and cardiovascular disease in patients with type 2 diabetes. N Engl J Med 2003; 348:
383–393.
212. An JH, Cho YM, Yu HG et al. The clinical characteristics of normoalbuminuric renal insufficiency in Korean type 2 diabetic patients: a possible
early stage renal complication. J Korean Med Sci 2009; 24 (Suppl):
S75–S81.
213. Bruno G, Merletti F, Bargero G et al. Estimated glomerular filtration rate,
albuminuria and mortality in type 2 diabetes: the Casale Monferrato
study. Diabetologia 2007; 50: 941–948.
214. Ito H, Takeuchi Y, Ishida H et al. High frequencies of diabetic micro- and
macroangiopathies in patients with type 2 diabetes mellitus with
decreased estimated glomerular filtration rate and normoalbuminuria.
Nephrol Dial Transplant 2010; 25: 1161–1167.
215. MacIsaac RJ, Tsalamandris C, Panagiotopoulos S et al. Nonalbuminuric
renal insufficiency in type 2 diabetes. Diabetes Care 2004; 27: 195–200.
216. Thomas MC, Macisaac RJ, Jerums G et al. Nonalbuminuric renal
impairment in type 2 diabetic patients and in the general population
(national evaluation of the frequency of renal impairment cO-existing
with NIDDM [NEFRON] 11). Diabetes Care 2009; 32: 1497–1502.
217. Yokoyama H, Sone H, Oishi M et al. Prevalence of albuminuria and renal
insufficiency and associated clinical factors in type 2 diabetes: the Japan
Diabetes Clinical Data Management study (JDDM15). Nephrol Dial
Transplant 2009; 24: 1212–1219.
218. Molitch ME, Steffes M, Sun W et al. Development and progression of
renal insufficiency with and without albuminuria in adults with type 1
diabetes in the diabetes control and complications trial and the
epidemiology of diabetes interventions and complications study.
Diabetes Care 2010; 33: 1536–1543.
219. UK Prospective Diabetes Study Group. Tight blood pressure control and
risk of macrovascular and microvascular complications in type 2
diabetes: UKPDS 38. UK Prospective Diabetes Study Group. BMJ 1998;
317: 703–713.
220. Hansson L, Zanchetti A, Carruthers SG et al. Effects of intensive bloodpressure lowering and low-dose aspirin in patients with hypertension:
principal results of the Hypertension Optimal Treatment (HOT)
randomised trial. HOT Study Group. Lancet 1998; 351: 1755–1762.
221. Schrier RW, Estacio RO, Mehler PS et al. Appropriate blood pressure
control in hypertensive and normotensive type 2 diabetes mellitus: a
summary of the ABCD trial. Nat Clin Pract Nephrol 2007; 3: 428–438.
222. Estacio RO, Jeffers BW, Hiatt WR et al. The effect of nisoldipine as
compared with enalapril on cardiovascular outcomes in patients with
non-insulin-dependent diabetes and hypertension. N Engl J Med 1998;
338: 645–652.
223. Schrier RW, Estacio RO, Esler A et al. Effects of aggressive blood pressure
control in normotensive type 2 diabetic patients on albuminuria,
retinopathy and strokes. Kidney Int 2002; 61: 1086–1097.

Kidney International Supplements (2012) 2, 405–414

224. Chew EY, Ambrosius WT, Davis MD et al. Effects of medical therapies on
retinopathy progression in type 2 diabetes. N Engl J Med 2010; 363:
233–244.
225. Perry HM, Jr., Miller JP, Fornoff JR et al. Early predictors of 15-year endstage renal disease in hypertensive patients. Hypertension 1995; 25:
587–594.
226. Tozawa M, Iseki K, Iseki C et al. Blood pressure predicts risk of developing
end-stage renal disease in men and women. Hypertension 2003; 41:
1341–1345.
227. Orchard TJ, Forrest KY, Kuller LH et al. Lipid and blood pressure
treatment goals for type 1 diabetes: 10-year incidence data from the
Pittsburgh Epidemiology of Diabetes Complications Study. Diabetes Care
2001; 24: 1053–1059.
228. Berl T, Hunsicker LG, Lewis JB et al. Impact of achieved blood pressure on
cardiovascular outcomes in the Irbesartan Diabetic Nephropathy Trial. J
Am Soc Nephrol 2005; 16: 2170–2179.
229. Adler AI, Stratton IM, Neil HA et al. Association of systolic blood
pressure with macrovascular and microvascular complications of type 2
diabetes (UKPDS 36): prospective observational study. BMJ 2000; 321:
412–419.
230. Pepine CJ, Handberg EM, Cooper-DeHoff RM et al. A calcium antagonist
vs a non-calcium antagonist hypertension treatment strategy for
patients with coronary artery disease. The International VerapamilTrandolapril Study (INVEST): a randomized controlled trial. JAMA 2003;
290: 2805–2816.
231. Cooper-DeHoff RM, Gong Y, Handberg EM et al. Tight blood pressure
control and cardiovascular outcomes among hypertensive patients with
diabetes and coronary artery disease. JAMA 2010; 304: 61–68.
232. Patel A, MacMahon S, Chalmers J et al. Effects of a fixed combination of
perindopril and indapamide on macrovascular and microvascular outcomes in patients with type 2 diabetes mellitus (the ADVANCE trial): a
randomised controlled trial. Lancet 2007; 370: 829–840.
233. de Galan BE, Perkovic V, Ninomiya T et al. Lowering blood pressure
reduces renal events in type 2 diabetes. J Am Soc Nephrol 2009; 20:
883–892.
234. Heerspink HJ, Ninomiya T, Perkovic V et al. Effects of a fixed combination
of perindopril and indapamide in patients with type 2 diabetes and
chronic kidney disease. Eur Heart J 2010; 31: 2888–2896.
235. Arauz-Pacheco C, Parrott MA, Raskin P. The treatment of hypertension in
adult patients with diabetes. Diabetes Care 2002; 25: 134–147.
236. European Society of Hypertension-European Society of Cardiology
Guidelines Committee. 2003 European Society of HypertensionEuropean Society of Cardiology guidelines for the management of
arterial hypertension. J Hypertens 2003; 21: 1011–1053.
237. Australian Heart Foundation. Guide to Management of Hypertension. 2008.
238. Levin A, Hemmelgarn B, Culleton B et al. Guidelines for the management of
chronic kidney disease. CMAJ 2008; 179: 1154–1162.
239. Mancia G, De Backer G, Dominiczak A et al. 2007 Guidelines for the
management of arterial hypertension: The Task Force for the Management
of Arterial Hypertension of the European Society of Hypertension (ESH) and
of the European Society of Cardiology (ESC). Eur Heart J 2007; 28:
1462–1536.
240. Joint British Societies 2 Working Party. JBS 2: Joint British Societies’
guidelines on prevention of cardiovascular disease in clinical practice. Heart
2005; 91 (Suppl 5): v1–v52.
241. World Health Organization-International Society of Hypertension (WHOISH) Guidelines Subcommittee. 1999 World Health Organization-International Society of Hypertension Guidelines for the Management of
Hypertension. Guidelines Subcommittee. J Hypertens 1999; 17: 151–183.
242. JNC VI. The sixth report of the Joint National Committee on prevention,
detection, evaluation, and treatment of high blood pressure. Arch Intern
Med 1997; 157: 2413–2446.
243. Whitworth JA. 2003 World Health Organization (WHO)/International
Society of Hypertension (ISH) statement on management of hypertension.
J Hypertens 2003; 21: 1983–1992.
244. Williams B, Poulter NR, Brown MJ et al. Guidelines for management of
hypertension: report of the fourth working party of the British Hypertension Society, 2004-BHS IV. J Hum Hypertens 2004; 18: 139–185.
245. Arauz-Pacheco C, Parrott MA, Raskin P. Treatment of hypertension in adults
with diabetes. Diabetes Care 2003; 26 (Suppl 1): S80–S82.
246. American Diabetes Association. Standards of medical care in diabetes–
2010. Diabetes Care 2010; 33 (Suppl 1): S11–S61.
247. Buse JB, Ginsberg HN, Bakris GL et al. Primary prevention of cardiovascular
diseases in people with diabetes mellitus: a scientific statement from the
American Heart Association and the American Diabetes Association.
Circulation 2007; 115: 114–126.

409

references

248. Staessen JA, Fagard R, Thijs L et al. Randomised double-blind comparison
of placebo and active treatment for older patients with isolated systolic
hypertension. The Systolic Hypertension in Europe (Syst-Eur) Trial
Investigators. Lancet 1997; 350: 757–764.
249. Nishimura R, LaPorte RE, Dorman JS et al. Mortality trends in type 1
diabetes. The Allegheny County (Pennsylvania) Registry 1965–1999.
Diabetes Care 2001; 24: 823–827.
250. Ibsen H, Olsen MH, Wachtell K et al. Does albuminuria predict
cardiovascular outcomes on treatment with losartan versus atenolol in
patients with diabetes, hypertension, and left ventricular hypertrophy? The
LIFE study. Diabetes Care 2006; 29: 595–600.
251. Ruggenenti P, Fassi A, Ilieva AP et al. Preventing microalbuminuria in type 2
diabetes. N Engl J Med 2004; 351: 1941–1951.
252. Ruggenenti P, Perna A, Ganeva M et al. Impact of blood pressure control
and angiotensin-converting enzyme inhibitor therapy on new-onset
microalbuminuria in type 2 diabetes: a post hoc analysis of the BENEDICT
trial. J Am Soc Nephrol 2006; 17: 3472–3481.
253. Gaede P, Vedel P, Parving HH et al. Intensified multifactorial intervention in
patients with type 2 diabetes mellitus and microalbuminuria: the Steno
type 2 randomised study. Lancet 1999; 353: 617–622.
254. Bakris GL, Weir MR, Shanifar S et al. Effects of blood pressure level on
progression of diabetic nephropathy: results from the RENAAL study. Arch
Intern Med 2003; 163: 1555–1565.
255. Bakris GL, Williams M, Dworkin L et al. Preserving renal function in adults
with hypertension and diabetes: a consensus approach. National Kidney
Foundation Hypertension and Diabetes Executive Committees Working
Group. Am J Kidney Dis 2000; 36: 646–661.
256. Dinneen SF, Gerstein HC. The association of microalbuminuria and
mortality in non-insulin-dependent diabetes mellitus. A systematic
overview of the literature. Arch Intern Med 1997; 157: 1413–1418.
257. Gerstein HC, Mann JF, Yi Q et al. Albuminuria and risk of cardiovascular
events, death, and heart failure in diabetic and nondiabetic individuals.
JAMA 2001; 286: 421–426.
258. Ninomiya T, Perkovic V, de Galan BE et al. Albuminuria and kidney
function independently predict cardiovascular and renal outcomes in
diabetes. J Am Soc Nephrol 2009; 20: 1813–1821.
259. Atkins RC, Briganti EM, Lewis JB et al. Proteinuria reduction and
progression to renal failure in patients with type 2 diabetes mellitus and
overt nephropathy. Am J Kidney Dis 2005; 45: 281–287.
260. de Zeeuw D, Remuzzi G, Parving HH et al. Proteinuria, a target for
renoprotection in patients with type 2 diabetic nephropathy: lessons
from RENAAL. Kidney Int 2004; 65: 2309–2320.
261. de Zeeuw D, Remuzzi G, Parving HH et al. Albuminuria, a therapeutic
target for cardiovascular protection in type 2 diabetic patients with
nephropathy. Circulation 2004; 110: 921–927.
262. Agha A, Amer W, Anwar E et al. Reduction of microalbuminuria by using
losartan in normotensive patients with type 2 diabetes mellitus: A
randomized controlled trial. Saudi J Kidney Dis Transpl 2009; 20: 429–435.
263. ACE Inhibitors in Diabetic Nephropathy Trialist Group. Should all patients
with type 1 diabetes mellitus and microalbuminuria receive angiotensinconverting enzyme inhibitors? A meta-analysis of individual patient data.
Ann Intern Med 2001; 134: 370–379.
264. Marre M, Lievre M, Chatellier G et al. Effects of low dose ramipril on
cardiovascular and renal outcomes in patients with type 2 diabetes and
raised excretion of urinary albumin: randomised, double blind, placebo
controlled trial (the DIABHYCAR study). BMJ 2004; 328: 495.
265. Ravid M, Lang R, Rachmani R et al. Long-term renoprotective effect of
angiotensin-converting enzyme inhibition in non-insulin-dependent diabetes mellitus. A 7-year follow-up study. Arch Intern Med 1996; 156: 286–289.
266. Ravid M, Savin H, Jutrin I et al. Long-term stabilizing effect of
angiotensin-converting enzyme inhibition on plasma creatinine and on
proteinuria in normotensive type II diabetic patients. Ann Intern Med
1993; 118: 577–581.
267. Trevisan R, Tiengo A. Effect of low-dose ramipril on microalbuminuria in
normotensive or mild hypertensive non-insulin-dependent diabetic
patients. North-East Italy Microalbuminuria Study Group. Am J Hypertens
1995; 8: 876–883.
268. National Kidney Foundation. KDOQI clinical practice guideline for
diabetes and chronic kidney disease: 2012 update. Am J Kidney Dis
2012; 60: 850–886.
269. Lewis EJ, Hunsicker LG, Bain RP et al. The effect of angiotensinconverting-enzyme inhibition on diabetic nephropathy. The Collaborative Study Group. N Engl J Med 1993; 329: 1456–1462.
270. Kasiske BL, Kalil RS, Ma JZ et al. Effect of antihypertensive therapy on the
kidney in patients with diabetes: a meta-regression analysis. Ann Intern
Med 1993; 118: 129–138.

410

271. Braunwald E, Domanski MJ, Fowler SE et al. Angiotensin-convertingenzyme inhibition in stable coronary artery disease. N Engl J Med 2004;
351: 2058–2068.
272. Dagenais GR, Pogue J, Fox K et al. Angiotensin-converting-enzyme
inhibitors in stable vascular disease without left ventricular systolic
dysfunction or heart failure: a combined analysis of three trials. Lancet
2006; 368: 581–588.
273. Dahlof B, Devereux RB, Kjeldsen SE et al. Cardiovascular morbidity and
mortality in the Losartan Intervention For Endpoint reduction in
hypertension study (LIFE): a randomised trial against atenolol. Lancet
2002; 359: 995–1003.
274. Fox KM. Efficacy of perindopril in reduction of cardiovascular events
among patients with stable coronary artery disease: randomised, doubleblind, placebo-controlled, multicentre trial (the EUROPA study). Lancet
2003; 362: 782–788.
275. PROGRESS Collaborative Group. Randomised trial of a perindopril-based
blood-pressure-lowering regimen among 6,105 individuals with previous
stroke or transient ischaemic attack. Lancet 2001; 358: 1033–1041.
276. Yusuf S, Teo K, Anderson C et al. Effects of the angiotensin-receptor
blocker telmisartan on cardiovascular events in high-risk patients
intolerant to angiotensin-converting enzyme inhibitors: a randomised
controlled trial. Lancet 2008; 372: 1174–1183.
277. Heart Outcomes Prevention Evaluation (HOPE) Study Investigators.
Effects of ramipril on cardiovascular and microvascular outcomes in
people with diabetes mellitus: results of the HOPE study and MICROHOPE substudy. Heart Outcomes Prevention Evaluation Study Investigators. Lancet 2000; 355: 253–259.
278. Lindholm LH, Ibsen H, Dahlof B et al. Cardiovascular morbidity and
mortality in patients with diabetes in the Losartan Intervention For
Endpoint reduction in hypertension study (LIFE): a randomised trial
against atenolol. Lancet 2002; 359: 1004–1010.
279. Whelton PK, Barzilay J, Cushman WC et al. Clinical outcomes in
antihypertensive treatment of type 2 diabetes, impaired fasting glucose
concentration, and normoglycemia: Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT). Arch Intern Med
2005; 165: 1401–1409.
280. Strippoli GF, Craig M, Deeks JJ et al. Effects of angiotensin converting
enzyme inhibitors and angiotensin II receptor antagonists on mortality
and renal outcomes in diabetic nephropathy: systematic review. BMJ
2004; 329: 828.
281. Mann JF, Schmieder RE, McQueen M et al. Renal outcomes with
telmisartan, ramipril, or both, in people at high vascular risk (the
ONTARGET study): a multicentre, randomised, double-blind, controlled
trial. Lancet 2008; 372: 547–553.
282. Yusuf S, Teo KK, Pogue J et al. Telmisartan, ramipril, or both in patients at
high risk for vascular events. N Engl J Med 2008; 358: 1547–1559.
283. Chrysostomou A, Pedagogos E, MacGregor L et al. Double-blind,
placebo-controlled study on the effect of the aldosterone receptor
antagonist spironolactone in patients who have persistent proteinuria
and are on long-term angiotensin-converting enzyme inhibitor therapy,
with or without an angiotensin II receptor blocker. Clin J Am Soc Nephrol
2006; 1: 256–262.
284. Aakhus S, Dahl K, Wideroe TE. Cardiovascular morbidity and risk factors
in renal transplant patients. Nephrol Dial Transplant 1999; 14: 648–654.
285. Aakhus S, Dahl K, Wideroe TE. Cardiovascular disease in stable renal
transplant patients in Norway: morbidity and mortality during a 5-yr
follow-up. Clin Transplant 2004; 18: 596–604.
286. Ducloux D, Kazory A, Chalopin JM. Predicting coronary heart disease in
renal transplant recipients: a prospective study. Kidney Int 2004; 66:
441–447.
287. Kasiske BL, Chakkera HA, Roel J. Explained and unexplained ischemic
heart disease risk after renal transplantation. J Am Soc Nephrol 2000; 11:
1735–1743.
288. Ojo AO. Cardiovascular complications after renal transplantation and
their prevention. Transplantation 2006; 82: 603–611.
289. Opelz G, Wujciak T, Ritz E. Association of chronic kidney graft failure with
recipient blood pressure. Collaborative Transplant Study. Kidney Int 1998;
53: 217–222.
290. Opelz G, Dohler B. Improved long-term outcomes after renal transplantation associated with blood pressure control. Am J Transplant 2005; 5:
2725–2731.
291. Kasiske BL, Anjum S, Shah R et al. Hypertension after kidney
transplantation. Am J Kidney Dis 2004; 43: 1071–1081.
292. KDIGO Transplant Work Group. KDIGO clinical practice guideline for the
care of kidney transplant recipients. Am J Transplant 2009; 9 (Suppl 3):
S1–S155.

Kidney International Supplements (2012) 2, 405–414

references

293. EBPG Expert Group on Renal Transplantation. European best practice
guidelines for renal transplantation. Section IV: Long-term management
of the transplant recipient. IV.5.2. Cardiovascular risks. Arterial hypertension. Nephrol Dial Transplant 2002; 17 (Suppl 4): 25–26.
294. Gaston RS, Kasiske BL, Fieberg AM et al. Use of cardioprotective
medications in kidney transplant recipients. Am J Transplant 2009; 9:
1811–1815.
295. Holdaas H, Fellstrom B, Jardine AG et al. Effect of fluvastatin on cardiac
outcomes in renal transplant recipients: a multicentre, randomised,
placebo-controlled trial. Lancet 2003; 361: 2024–2031.
296. Gill JS. Cardiovascular disease in transplant recipients: current and
future treatment strategies. Clin J Am Soc Nephrol 2008; 3 (Suppl 2):
S29–S37.
297. Kuypers DR, Neumayer HH, Fritsche L et al. Calcium channel blockade
and preservation of renal graft function in cyclosporine-treated
recipients: a prospective randomized placebo-controlled 2-year study.
Transplantation 2004; 78: 1204–1211.
298. Midtvedt K, Hartmann A, Foss A et al. Sustained improvement of renal
graft function for two years in hypertensive renal transplant recipients
treated with nifedipine as compared to lisinopril. Transplantation 2001;
72: 1787–1792.
299. Rahn KH, Barenbrock M, Fritschka E et al. Effect of nitrendipine on renal
function in renal-transplant patients treated with cyclosporin: a
randomised trial. Lancet 1999; 354: 1415–1420.
300. van Riemsdijk IC, Mulder PG, de Fijter JW et al. Addition of isradipine
(Lomir) results in a better renal function after kidney transplantation: a
double-blind, randomized, placebo-controlled, multi-center study. Transplantation 2000; 70: 122–126.
301. Cross NB, Webster AC, Masson P et al. Antihypertensives for kidney
transplant recipients: systematic review and meta-analysis of randomized controlled trials. Transplantation 2009; 88: 7–18.
302. Knoll GA, Blydt-Hansen TD, Campbell P et al. Canadian Society of
Transplantation and Canadian Society of Nephrology commentary on
the 2009 KDIGO clinical practice guideline for the care of kidney
transplant recipients. Am J Kidney Dis 2010; 56: 219–246.
303. Olyaei AJ, de Mattos AM, Bennett WM. Nephrotoxicity of immunosuppressive drugs: new insight and preventive strategies. Curr Opin Crit Care
2001; 7: 384–389.
304. Dawson KL, Patel SJ, Putney D et al. Cardioprotective medication use
after renal transplantation. Clin Transplant 2010; 24: E253–E256.
305. Hiremath S, Fergusson D, Doucette S et al. Renin angiotensin system
blockade in kidney transplantation: a systematic review of the evidence.
Am J Transplant 2007; 7: 2350–2360.
306. Heinze G, Mitterbauer C, Regele H et al. Angiotensin-converting enzyme
inhibitor or angiotensin II type 1 receptor antagonist therapy is
associated with prolonged patient and graft survival after renal
transplantation. J Am Soc Nephrol 2006; 17: 889–899.
307. Opelz G, Zeier M, Laux G et al. No improvement of patient or graft
survival in transplant recipients treated with angiotensin-converting
enzyme inhibitors or angiotensin II type 1 receptor blockers: a
collaborative transplant study report. J Am Soc Nephrol 2006; 17:
3257–3262.
308. el-Agroudy AE, Hassan NA, Foda MA et al. Effect of angiotensin II
receptor blocker on plasma levels of TGF-beta 1 and interstitial fibrosis
in hypertensive kidney transplant patients. Am J Nephrol 2003; 23:
300–306.
309. Philipp T, Martinez F, Geiger H et al. Candesartan improves blood
pressure control and reduces proteinuria in renal transplant recipients:
results from SECRET. Nephrol Dial Transplant 2010; 25: 967–976.
310. Knoll GA, Cantarovitch M, Cole E et al. The Canadian ACE-inhibitor trial to
improve renal outcomes and patient survival in kidney transplantation–
study design. Nephrol Dial Transplant 2008; 23: 354–358.
311. Ardissino G, Vigano S, Testa S et al. No clear evidence of ACEi efficacy on
the progression of chronic kidney disease in children with hypodysplastic nephropathy–report from the ItalKid Project database. Nephrol Dial
Transplant 2007; 22: 2525–2530.
312. Flynn JT, Mitsnefes M, Pierce C et al. Blood pressure in children with
chronic kidney disease: a report from the Chronic Kidney Disease in
Children study. Hypertension 2008; 52: 631–637.
313. Mitsnefes M, Ho PL, McEnery PT. Hypertension and progression of
chronic renal insufficiency in children: a report of the North American
Pediatric Renal Transplant Cooperative Study (NAPRTCS). J Am Soc
Nephrol 2003; 14: 2618–2622.
314. Sinha R, Saad A, Marks SD. Prevalence and complications of chronic
kidney disease in paediatric renal transplantation: a K/DOQI perspective.
Nephrol Dial Transplant 2010; 25: 1313–1320.

Kidney International Supplements (2012) 2, 405–414

315. Wong H, Mylrea K, Feber J et al. Prevalence of complications in children
with chronic kidney disease according to KDOQI. Kidney Int 2006; 70:
585–590.
316. Chavers BM, Li S, Collins AJ et al. Cardiovascular disease in pediatric
chronic dialysis patients. Kidney Int 2002; 62: 648–653.
317. Parekh RS, Carroll CE, Wolfe RA et al. Cardiovascular mortality in children
and young adults with end-stage kidney disease. J Pediatr 2002; 141:
191–197.
318. Lilien MR, Groothoff JW. Cardiovascular disease in children with CKD or
ESRD. Nat Rev Nephrol 2009; 5: 229–235.
319. National High Blood Pressure Education Program Working Group on
High Blood Pressure in Children and Adolescents. The fourth report on
the diagnosis, evaluation, and treatment of high blood pressure in
children and adolescents. Pediatrics 2004; 114: 555–576.
320. Dionne JM, Turik MM, Hurley RM. Blood pressure abnormalities in
children with chronic kidney disease. Blood Press Monit 2008; 13:
205–209.
321. Gimpel C, Wuhl E, Arbeiter K et al. Superior consistency of ambulatory
blood pressure monitoring in children: implications for clinical trials. J
Hypertens 2009; 27: 1568–1574.
322. Krmar RT, Berg UB. Blood pressure control in hypertensive pediatric renal
transplants: role of repeated ABPM following transplantation. Am J
Hypertens 2008; 21: 1093–1099.
323. Wuhl E, Mehls O, Schaefer F. Antihypertensive and antiproteinuric
efficacy of ramipril in children with chronic renal failure. Kidney Int 2004;
66: 768–776.
324. Groothoff JW, Lilien MR, van de Kar NC et al. Cardiovascular disease as a
late complication of end-stage renal disease in children. Pediatr Nephrol
2005; 20: 374–379.
325. Mitsnefes M, Flynn J, Cohn S et al. Masked hypertension associates with
left ventricular hypertrophy in children with CKD. J Am Soc Nephrol 2010;
21: 137–144.
326. Sorof JM, Alexandrov AV, Cardwell G et al. Carotid artery intimal-medial
thickness and left ventricular hypertrophy in children with elevated
blood pressure. Pediatrics 2003; 111: 61–66.
327. Muntner P, Arshad A, Morse SA et al. End-stage renal disease in young
black males in a black-white population: longitudinal analysis of the
Bogalusa Heart Study. BMC Nephrol 2009; 10: 40.
328. Li S, Chen W, Srinivasan SR et al. Childhood blood pressure as a predictor
of arterial stiffness in young adults: the bogalusa heart study.
Hypertension 2004; 43: 541–546.
329. Juonala M, Jarvisalo MJ, Maki-Torkko N et al. Risk factors identified in
childhood and decreased carotid artery elasticity in adulthood: the Cardiovascular Risk in Young Finns Study. Circulation 2005; 112: 1486–1493.
330. Kavey RE, Allada V, Daniels SR et al. Cardiovascular risk reduction in highrisk pediatric patients: a scientific statement from the American Heart
Association Expert Panel on Population and Prevention Science; the
Councils on Cardiovascular Disease in the Young, Epidemiology and
Prevention, Nutrition, Physical Activity and Metabolism, High Blood
Pressure Research, Cardiovascular Nursing, and the Kidney in Heart
Disease; and the Interdisciplinary Working Group on Quality of Care and
Outcomes Research: endorsed by the American Academy of Pediatrics.
Circulation 2006; 114: 2710–2738.
331. Gonzalez Celedon C, Bitsori M, Tullus K. Progression of chronic renal
failure in children with dysplastic kidneys. Pediatr Nephrol 2007; 22:
1014–1020.
332. Wingen AM, Fabian-Bach C, Schaefer F et al. Randomised multicentre
study of a low-protein diet on the progression of chronic renal failure in
children. European Study Group of Nutritional Treatment of Chronic
Renal Failure in Childhood. Lancet 1997; 349: 1117–1123.
333. Silverstein DM, Leblanc P, Hempe JM et al. Tracking of blood pressure
and its impact on graft function in pediatric renal transplant patients.
Pediatr Transplant 2007; 11: 860–867.
334. Mitsnefes MM, Omoloja A, McEnery PT. Short-term pediatric renal
transplant survival: blood pressure and allograft function. Pediatr
Transplant 2001; 5: 160–165.
335. Seeman T, Pohl M, Misselwitz J et al. Angiotensin receptor blocker
reduces proteinuria independently of blood pressure in children already
treated with Angiotensin-converting enzyme inhibitors. Kidney Blood
Press Res 2009; 32: 440–444.
336. Furth SL, Flynn JT, Pierce CB et al. Lower systolic BP associated with
slower CKD progression in the CKiD study. J Am Soc Nephrol 2010; 21:
551A.
337. Lurbe E, Cifkova R, Cruickshank JK et al. Management of high blood
pressure in children and adolescents: recommendations of the European
Society of Hypertension. J Hypertens 2009; 27: 1719–1742.

411

references

338. Tullus K. Safety concerns of angiotensin II receptor blockers in preschool
children. Arch Dis Child 2011; 96: 881–882.
339. Simonetti GD, Santoro L, Ferrarini A et al. Systemic hypertension and
proteinuria in childhood chronic renal parenchymal disease: role of
antihypertensive drug management. Paediatr Drugs 2007; 9: 413–418.
340. Hadtstein C, Schaefer F. Hypertension in children with chronic kidney
disease: pathophysiology and management. Pediatr Nephrol 2008; 23:
363–371.
341. Hogg RJ, Delucchi A, Sakihara G et al. A multicenter study of the
pharmacokinetics of lisinopril in pediatric patients with hypertension.
Pediatr Nephrol 2007; 22: 695–701.
342. Li D, Xing H, Hao K et al. Hypertensive patients from two rural Chinese
counties respond differently to benazepril: the Anhui Hypertension
Health Care Study. Ann Epidemiol 2004; 14: 123–128.
343. Soffer B, Zhang Z, Miller K et al. A double-blind, placebo-controlled,
dose-response study of the effectiveness and safety of lisinopril for
children with hypertension. Am J Hypertens 2003; 16: 795–800.
344. Wells T, Frame V, Soffer B et al. A double-blind, placebo-controlled, doseresponse study of the effectiveness and safety of enalapril for children
with hypertension. J Clin Pharmacol 2002; 42: 870–880.
345. Wells T, Rippley R, Hogg R et al. The pharmacokinetics of enalapril in
children and infants with hypertension. J Clin Pharmacol 2001; 41:
1064–1074.
346. Ellis D, Moritz ML, Vats A et al. Antihypertensive and renoprotective
efficacy and safety of losartan. A long-term study in children with renal
disorders. Am J Hypertens 2004; 17: 928–935.
347. Tanaka Y, Nagai M, Date T et al. Effects of bradykinin on cardiovascular
remodeling in renovascular hypertensive rats. Hypertens Res 2004; 27:
865–875.
348. Van Dyck M, Proesmans W. Renoprotection by ACE inhibitors after severe
hemolytic uremic syndrome. Pediatr Nephrol 2004; 19: 688–690.
349. Wong CS, Pierce CB, Cole SR et al. Association of proteinuria with race,
cause of chronic kidney disease, and glomerular filtration rate in the
chronic kidney disease in children study. Clin J Am Soc Nephrol 2009; 4:
812–819.
350. Gartenmann AC, Fossali E, von Vigier RO et al. Better renoprotective
effect of angiotensin II antagonist compared to dihydropyridine calcium
channel blocker in childhood. Kidney Int 2003; 64: 1450–1454.
351. White CT, Macpherson CF, Hurley RM et al. Antiproteinuric effects of
enalapril and losartan: a pilot study. Pediatr Nephrol 2003; 18: 1038–1043.
352. Lubrano R, Soscia F, Elli M et al. Renal and cardiovascular effects of
angiotensin-converting enzyme inhibitor plus angiotensin II receptor
antagonist therapy in children with proteinuria. Pediatrics 2006; 118:
e833–e838.
353. Mancia G, Laurent S, Agabiti-Rosei E et al. Reappraisal of European
guidelines on hypertension management: a European Society of
Hypertension Task Force document. J Hypertens 2009; 27: 2121–2158.
354. World Health Organization. Definition of an older or elderly person.
Health statistics and health information systems http://www.who.
int/healthinfo/survey/ageingdefnolder/en/index.html (accessed 21 June
2012).
355. Gueyffier F, Bulpitt C, Boissel JP et al. Antihypertensive drugs in very old
people: a subgroup meta-analysis of randomised controlled trials.
INDANA Group. Lancet 1999; 353: 793–796.
356. Nair R, Bell JM, Walker PD. Renal biopsy in patients aged 80 years and
older. Am J Kidney Dis 2004; 44: 618–626.
357. Vaupel JW, Carey JR, Christensen K et al. Biodemographic trajectories of
longevity. Science 1998; 280: 855–860.
358. Kithas PA, Supiano MA. Hypertension and chronic kidney disease in the
elderly. Adv Chronic Kidney Dis 2010; 17: 341–347.
359. Zhou XJ, Rakheja D, Yu X et al. The aging kidney. Kidney Int 2008; 74:
710–720.
360. Coresh J, Selvin E, Stevens LA et al. Prevalence of chronic kidney disease
in the United States. JAMA 2007; 298: 2038–2047.
361. Coresh J, Wei GL, McQuillan G et al. Prevalence of high blood pressure
and elevated serum creatinine level in the United States: findings from
the third National Health and Nutrition Examination Survey (1988–1994).
Arch Intern Med 2001; 161: 1207–1216.
362. O’Hare AM, Bertenthal D, Covinsky KE et al. Mortality risk stratification in
chronic kidney disease: one size for all ages? J Am Soc Nephrol 2006; 17:
846–853.
363. Zhang L, Zhang P, Wang F et al. Prevalence and factors associated with
CKD: a population study from Beijing. Am J Kidney Dis 2008; 51: 373–384.
364. Chadban SJ, Briganti EM, Kerr PG et al. Prevalence of kidney damage in
Australian adults: The AusDiab kidney study. J Am Soc Nephrol 2003; 14:
S131–S138.

412

365. Imai E, Horio M, Watanabe T et al. Prevalence of chronic kidney disease in
the Japanese general population. Clin Exp Nephrol 2009; 13: 621–630.
366. Collins AJ, Foley RN, Herzog C et al. United States Renal Data System
2008 Annual Data Report. Am J Kidney Dis 2009; 53: S1–S374.
367. McDonald S, Excell L, Livingston Re. ANZDATA Registry Report 2008.
Australian and New Zealand Dialysis and Transplant Registry. Adelide,
South Australia.
368. Byrne C, Steenkamp R, Castledine C et al. UK Renal Registry 12th Annual
Report (December 2009): chapter 4: UK ESRD prevalent rates in 2008:
national and centre-specific analyses. Nephron Clin Pract 2010; 115
(Suppl 1): c41–67.
369. Fischer MJ, O’Hare AM. Epidemiology of hypertension in the elderly with
chronic kidney disease. Adv Chronic Kidney Dis 2010; 17: 329–340.
370. Kalaitzidis R, Li S, Wang C et al. Hypertension in early-stage kidney
disease: an update from the Kidney Early Evaluation Program (KEEP). Am
J Kidney Dis 2009; 53: S22–S31.
371. Rao MV, Qiu Y, Wang C et al. Hypertension and CKD: Kidney Early
Evaluation Program (KEEP) and National Health and Nutrition Examination Survey (NHANES), 1999–2004. Am J Kidney Dis 2008; 51: S30-S37.
372. Soliman EZ, Prineas RJ, Go AS et al. Chronic kidney disease and prevalent
atrial fibrillation: the Chronic Renal Insufficiency Cohort (CRIC). Am Heart
J 2010; 159: 1102–1107.
373. London GM, Marchais SJ, Guerin AP et al. Arterial structure and function
in end-stage renal disease. Nephrol Dial Transplant 2002; 17: 1713–1724.
374. Young JH, Klag MJ, Muntner P et al. Blood pressure and decline in kidney
function: findings from the Systolic Hypertension in the Elderly Program
(SHEP). J Am Soc Nephrol 2002; 13: 2776–2782.
375. Cameron JS, Macias-Nunez JF. Chronic renal failure in the elderly,
In: Davison AM, Cameron, JS, Grunfeld, J-P et al. (eds) Oxford Textbook of
Clinical Nephrology. Oxford University Press, 2005.
376. Gomez Campdera FJ, Luno J, Garcia de Vinuesa S et al. Renal vascular
disease in the elderly. Kidney Int Suppl 1998; 68: S73-S77.
377. O’Hare AM, Kaufman JS, Covinsky KE et al. Current guidelines for using
angiotensin-converting enzyme inhibitors and angiotensin II-receptor
antagonists in chronic kidney disease: is the evidence base relevant to
older adults? Ann Intern Med 2009; 150: 717–724.
378. Turgut F, Balogun RA, Abdel-Rahman EM. Renin-angiotensin-aldosterone
system blockade effects on the kidney in the elderly: benefits and
limitations. Clin J Am Soc Nephrol 2010; 5: 1330–1339.
379. Weiss JW, Thorp ML, O’Hare AM. Renin-angiotensin system blockade in
older adults with chronic kidney disease: a review of the literature. Curr
Opin Nephrol Hypertens 2010; 19: 413–419.
380. Horio M, Imai E, Yasuda Y et al. Modification of the CKD epidemiology
collaboration (CKD-EPI) equation for Japanese: accuracy and use for
population estimates. Am J Kidney Dis 2010; 56: 32–38.
381. Stevens LA, Schmid CH, Greene T et al. Comparative performance of the
CKD Epidemiology Collaboration (CKD-EPI) and the Modification of Diet
in Renal Disease (MDRD) Study equations for estimating GFR levels
above 60 mL/min/1.73 m2. Am J Kidney Dis 2010; 56: 486–495.
382. Nakamura T, Kanno Y, Takenaka T et al. An angiotensin receptor blocker
reduces the risk of congestive heart failure in elderly hypertensive
patients with renal insufficiency. Hypertens Res 2005; 28: 415–423.
383. Dulin BR, Haas SJ, Abraham WT et al. Do elderly systolic heart failure
patients benefit from beta blockers to the same extent as the nonelderly? Meta-analysis of 412,000 patients in large-scale clinical trials.
Am J Cardiol 2005; 95: 896–898.
384. Aymanns C, Keller F, Maus S et al. Review on pharmacokinetics and
pharmacodynamics and the aging kidney. Clin J Am Soc Nephrol 2010; 5:
314–327.
385. O’Hare AM. The management of older adults with a low eGFR:
moving toward an individualized approach. Am J Kidney Dis 2009; 53:
925–927.
386. Eriksen BO, Ingebretsen OC. The progression of chronic kidney disease: a
10-year population-based study of the effects of gender and age. Kidney
Int 2006; 69: 375–382.
387. Roderick PJ, Atkins RJ, Smeeth L et al. CKD and mortality risk in older
people: a community-based population study in the United Kingdom.
Am J Kidney Dis 2009; 53: 950–960.
388. Fogari R, Zoppi A. Effect of antihypertensive agents on quality of life in
the elderly. Drugs Aging 2004; 21: 377–393.
389. Musini VM, Tejani AM, Bassett K et al. Pharmacotherapy for hypertension
in the elderly. Cochrane Database Syst Rev 2009: CD000028.
390. Bejan-Angoulvant T, Saadatian-Elahi M, Wright JM et al. Treatment of
hypertension in patients 80 years and older: the lower the better? A
meta-analysis of randomized controlled trials. J Hypertens 2010; 28:
1366–1372.

Kidney International Supplements (2012) 2, 405–414

references

391. Bulpitt CJ, Beckett NS, Cooke J et al. Results of the pilot study for the
Hypertension in the Very Elderly Trial. J Hypertens 2003; 21: 2409–2417.
392. Gong L, Zhang W, Zhu Y et al. Shanghai trial of nifedipine in the elderly
(STONE). J Hypertens 1996; 14: 1237–1245.
393. JATOS Study Group. Principal results of the Japanese trial to assess
optimal systolic blood pressure in elderly hypertensive patients (JATOS).
Hypertens Res 2008; 31: 2115–2127.
394. Ogihara T, Saruta T, Rakugi H et al. Target blood pressure for treatment
of isolated systolic hypertension in the elderly: valsartan in elderly
isolated systolic hypertension study. Hypertension 2010; 56: 196–202.
395. Aronow WS, Fleg JL, Pepine CJ et al. ACCF/AHA 2011 expert consensus
document on hypertension in the elderly: a report of the American
College of Cardiology Foundation Task Force on Clinical Expert
Consensus Documents developed in collaboration with the American
Academy of Neurology, American Geriatrics Society, American Society
for Preventive Cardiology, American Society of Hypertension, American
Society of Nephrology, Association of Black Cardiologists, and European
Society of Hypertension. J Am Soc Hypertens 2011; 5: 259–352.
396. MacGregor MS, Taal MW. Renal Association Clinical Practice Guideline on
detection, monitoring and management of patients with CKD. Nephron
Clin Pract 2011; 118 (Suppl 1): c71–c100.
397. Moser M, Cushman WC, Ziegler MG. The treatment of hypertension in
the elderly. J Clin Hypertens (Greenwich) 2008; 10: 58–68.
398. Menon V, Katz R, Mukamal K et al. Alcohol consumption and kidney
function decline in the elderly: alcohol and kidney disease. Nephrol Dial
Transplant 2010; 25: 3301–3307.
399. Soni RK, Weisbord SD, Unruh ML. Health-related quality of life outcomes
in chronic kidney disease. Curr Opin Nephrol Hypertens 2010; 19: 153–159.
400. Anderson S, Halter JB, Hazzard WR et al. Prediction, progression, and
outcomes of chronic kidney disease in older adults. J Am Soc Nephrol
2009; 20: 1199–1209.
401. O’Brien E, Asmar R, Beilin L et al. Practice guidelines of the European
Society of Hypertension for clinic, ambulatory and self blood pressure
measurement. J Hypertens 2005; 23: 697–701.
402. Akpolat T. Home sphygmomanometers: what should a nephrologist
know? J Nephrol 2011; 24: 300–306.
403. Parati G, Stergiou GS, Asmar R et al. European Society of Hypertension
practice guidelines for home blood pressure monitoring. J Hum
Hypertens 2010; 24: 779–785.
404. Benetos A, Adamopoulos C, Bureau JM et al. Determinants of accelerated
progression of arterial stiffness in normotensive subjects and in treated
hypertensive subjects over a 6-year period. Circulation 2002; 105:
1202–1207.
405. Mourad JJ, Pannier B, Blacher J et al. Creatinine clearance, pulse wave
velocity, carotid compliance and essential hypertension. Kidney Int 2001;
59: 1834–1841.
406. O’Brien E, Coats A, Owens P et al. Use and interpretation of ambulatory
blood pressure monitoring: recommendations of the British hypertension society. BMJ 2000; 320: 1128–1134.
407. Imai Y, Otsuka K, Kawano Y et al. Japanese society of hypertension (JSH)
guidelines for self-monitoring of blood pressure at home. Hypertens Res
2003; 26: 771–782.
408. Ernst ME, Bergus GR. Ambulatory blood pressure monitoring. South Med
J 2003; 96: 563–568.
409. Pickering TG, Shimbo D, Haas D. Ambulatory blood-pressure monitoring.
N Engl J Med 2006; 354: 2368–2374.
410. Protogerou AD, Safar ME, Iaria P et al. Diastolic blood pressure and
mortality in the elderly with cardiovascular disease. Hypertension 2007;
50: 172–180.
411. Bavry AA, Anderson RD, Gong Y et al. Outcomes Among hypertensive
patients with concomitant peripheral and coronary artery disease:
findings from the INternational VErapamil-SR/Trandolapril STudy. Hypertension 2010; 55: 48–53.
412. Sleight P, Redon J, Verdecchia P et al. Prognostic value of blood pressure
in patients with high vascular risk in the Ongoing Telmisartan Alone and
in combination with Ramipril Global Endpoint Trial study. J Hypertens
2009; 27: 1360–1369.
413. Kovesdy CP, Trivedi BK, Kalantar-Zadeh K et al. Association of low
blood pressure with increased mortality in patients with moderate to
severe chronic kidney disease. Nephrol Dial Transplant 2006; 21:
1257–1262.
414. Eijkelkamp WB, Zhang Z, Remuzzi G et al. Albuminuria is a target for
renoprotective therapy independent from blood pressure in patients
with type 2 diabetic nephropathy: post hoc analysis from the Reduction
of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan
(RENAAL) trial. J Am Soc Nephrol 2007; 18: 1540–1546.

Kidney International Supplements (2012) 2, 405–414

415. Hellemons ME, Persson F, Bakker SJ et al. Initial angiotensin
receptor blockade-induced decrease in albuminuria is associated with
long-term renal outcome in type 2 diabetic patients with microalbuminuria: a post hoc analysis of the IRMA-2 trial. Diabetes Care 2011; 34:
2078–2083.
416. Hou FF, Xie D, Zhang X et al. Renoprotection of Optimal Antiproteinuric
Doses (ROAD) Study: a randomized controlled study of benazepril and
losartan in chronic renal insufficiency. J Am Soc Nephrol 2007; 18:
1889–1898.
417. Heeg JE, de Jong PE, van der Hem GK et al. Efficacy and variability of the
antiproteinuric effect of ACE inhibition by lisinopril. Kidney Int 1989; 36:
272–279.
418. Houlihan CA, Allen TJ, Baxter AL et al. A low-sodium diet potentiates the
effects of losartan in type 2 diabetes. Diabetes Care 2002; 25: 663–671.
419. Buter H, Hemmelder MH, Navis G et al. The blunting of the
antiproteinuric efficacy of ACE inhibition by high sodium intake can be
restored by hydrochlorothiazide. Nephrol Dial Transplant 1998; 13:
1682–1685.
420. Burgess E, Muirhead N, Rene de Cotret P et al. Supramaximal dose of
candesartan in proteinuric renal disease. J Am Soc Nephrol 2009; 20:
893–900.
421. Shiigai T, Shichiri M. Late escape from the antiproteinuric effect of ace
inhibitors in nondiabetic renal disease. Am J Kidney Dis 2001; 37:
477–483.
422. Lemarie CA, Schiffrin EL. The angiotensin II type 2 receptor in
cardiovascular disease. J Renin Angiotensin Aldosterone Syst 2010; 11:
19–31.
423. Kunz R, Friedrich C, Wolbers M et al. Meta-analysis: effect of
monotherapy and combination therapy with inhibitors of the renin
angiotensin system on proteinuria in renal disease. Ann Intern Med 2008;
148: 30–48.
424. Navaneethan SD, Nigwekar SU, Sehgal AR et al. Aldosterone antagonists
for preventing the progression of chronic kidney disease: a systematic
review and meta-analysis. Clin J Am Soc Nephrol 2009; 4: 542–551.
425. Lambers Heerspink HJ, de Zeeuw D. ONTARGET still OFF-TARGET?
Circulation 2011; 123: 1049–1051.
426. Parving HH, Brenner BM, McMurray JJ et al. Baseline characteristics in the
Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints
(ALTITUDE). J Renin Angiotensin Aldosterone Syst 2012; 13: 387–393.
427. Novartis. Novartis announces termination of ALTITUDE study with
Rasilezs/Tekturnas in high-risk patients with diabetes and renal
impairment.
http://www.novartis.com/newsroom/media-releases/en/
2011/1572562.shtml (accessed on 20 December 2011).
428. Lambers Heerspink HJ, Perkovic V, de Zeeuw D. Is doubling of serum
creatinine a valid clinical ‘hard’ endpoint in clinical nephrology trials?
Nephron Clin Pract 2011; 119: c195–c199; discussion c199.
429. Suissa S, Hutchinson T, Brophy JM et al. ACE-inhibitor use and
the long-term risk of renal failure in diabetes. Kidney Int 2006; 69:
913–919.
430. Onuigbo MA, Onuigbo NT. Late onset azotemia from RAAS blockade in
CKD patients with normal renal arteries and no precipitating risk factors.
Ren Fail 2008; 30: 73–80.
431. Remuzzi G, Ruggenenti P, Perna A et al. Continuum of renoprotection
with losartan at all stages of type 2 diabetic nephropathy: a post hoc
analysis of the RENAAL trial results. J Am Soc Nephrol 2004; 15:
3117–3125.
432. Li PK, Chow KM, Wong TY et al. Effects of an angiotensin-converting
enzyme inhibitor on residual renal function in patients receiving
peritoneal dialysis. A randomized, controlled study. Ann Intern Med
2003; 139: 105–112.
433. Hall YN, Hsu CY, Iribarren C et al. The conundrum of increased burden of
end-stage renal disease in Asians. Kidney Int 2005; 68: 2310–2316.
434. Stewart JH, McCredie MR, Williams SM. Geographic, ethnic, age-related
and temporal variation in the incidence of end-stage renal disease in
Europe, Canada and the Asia-Pacific region, 1998–2002. Nephrol Dial
Transplant 2006; 21: 2178–2183.
435. Stewart JH, McCredie MR, Williams SM et al. The enigma of hypertensive
ESRD: observations on incidence and trends in 18 European, Canadian,
and Asian-Pacific populations, 1998 to 2002. Am J Kidney Dis 2006; 48:
183–191.
436. Lloyd-Jones D, Adams R, Carnethon M et al. Heart disease and stroke
statistics—2009 update: a report from the American Heart Association
Statistics Committee and Stroke Statistics Subcommittee. Circulation
2009; 119: e21–e181.
437. Divers J, Freedman BI. Susceptibility genes in common complex kidney
disease. Curr Opin Nephrol Hypertens 2010; 19: 79–84.

413

references

438. Freedman BI, Sedor JR. Hypertension-associated kidney disease: perhaps
no more. J Am Soc Nephrol 2008; 19: 2047–2051.
439. Flack JM, Sica DA, Bakris G et al. Management of high blood pressure in
Blacks: an update of the International Society on Hypertension in Blacks
consensus statement. Hypertension 2010; 56: 780–800.
440. Genovese G, Friedman DJ, Ross MD et al. Association of trypanolytic
ApoL1 variants with kidney disease in African Americans. Science 2010;
329: 841–845.
441. Becker GJ, Wheeler DC. Blood pressure control in CKD patients:
why do we fail to implement the guidelines? Am J Kidney Dis 2010;
55: 415–418.
442. Schmitt KE, Edie CF, Laflam P et al. Adherence to antihypertensive agents
and blood pressure control in chronic kidney disease. Am J Nephrol 2010;
32: 541–548.
443. Keenan K, Hayen A, Neal BC et al. Long term monitoring in patients
receiving treatment to lower blood pressure: analysis of data from
placebo controlled randomised controlled trial. BMJ 2009; 338: b1492.
444. Owens DK, Lohr KN, Atkins D et al. AHRQ series paper 5: grading the
strength of a body of evidence when comparing medical interventions–
agency for healthcare research and quality and the effective health-care
program. J Clin Epidemiol 2010; 63: 513–523.
445. Guyatt GH, Oxman AD, Kunz R et al. Going from evidence to
recommendations. BMJ 2008; 336: 1049–1051.

414

446. The AGREE Collaboration. Development and validation of an international appraisal instrument for assessing the quality of clinical practice
guidelines: the AGREE project. Qual Saf Health Care 2003; 12: 18–23.
447. Shiffman RN, Shekelle P, Overhage JM et al. Standardized reporting of
clinical practice guidelines: a proposal from the Conference on Guideline
Standardization. Ann Intern Med 2003; 139: 493–498.
448. Institute of Medicine. Finding What Works in Health Care: Standards
for Systematic Reviews. The National Academies Press: Washington,
DC, 2011.
449. Institute of Medicine. Clinical Practice Guidelines We Can Trust.
The National Academies Press: Washington, DC, 2011.
450. Siebenhofer A, Plank J, Horvath K et al. Angiotensin receptor blockers as
anti-hypertensive treatment for patients with diabetes mellitus: metaanalysis of controlled double-blind randomized trials. Diabet Med 2004;
21: 18–25.
451. Casas JP, Chua W, Loukogeorgakis S et al. Effect of inhibitors of the reninangiotensin system and other antihypertensive drugs on renal outcomes:
systematic review and meta-analysis. Lancet 2005; 366: 2026–2033.
452. Ogihara T, Kikuchi K, Matsuoka H et al. The Japanese Society of
Hypertension Guidelines for the Management of Hypertension
(JSH 2009). Hypertens Res 2009; 32: 3–107.
453. American Diabetes Association. Standards of medical care in diabetes–
2012. Diabetes Care 2012; 35 (Suppl 1): S11–S63.

Kidney International Supplements (2012) 2, 405–414

