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Foreword

The evidence-based approach to health care is assuming a greater
role in informing patient care worldwide. This approach arises
from a convergence of factors, including the easy availability of
evidence-based resources that synthesize the evidence, as exem-
plified by the Cochrane database, the desire of practitioners to
attain best practices in the face of an almost overwhelming vol-
ume of new biomedical information, and the realization that, in an
environment of limited health care resources, the best evidence of
effectiveness should be central to the determination of which spe-
cific treatments warrant full investment. On the most immediate
level, best evidence should inform the rational care of individ-
ual patients by the practitioner. On a broader level, best evidence
should also influence specific decisions by society on the provision
of specific health care services. In each case, evidence forms one of
the two main components of a medical decision, as described by
David Eddy [1,2].

Because the term evidence-based medicine was first coined by
Sackett and colleagues more than 15 years ago, the emphasis in
evidence-based medicine has been on evidence as it informs the
choices of individual patients and of practitioners caring for these
individuals, where the choices are determined by the evidence and
by the individual preferences of the patients but not, strictly speak-
ing, by the relative value or cost-effectiveness of these interventions
[3,4]. Although cost-effectiveness determinations naturally evolve
from a consideration of the evidence, we have chosen in this first
evidence-based medicine-centered textbook in nephrology to ad-
dress the evidence principally from the perspectives of the patient
and the individual practitioner, not the policy maker. It is our
hope that this evidence-based nephrology textbook will provide a
resource for practitioners, and therefore we have focused on the
primary clinical evidence and, where available, systematic reviews
of this evidence. Health economic assessments are considered in
this text only insofar as such analyses and the policy choices they
have engendered may influence the various current national and
international management guidelines, such as the National Kidney
Foundation’s Kidney Disease Outcomes Quality Initiative and the
European Best Practice Guidelines.

What then is the potential for an evidence-based approach to
nephrology for the individual practitioner and patient? As noted by

Eddy [1], “different value judgments are unavoidable. Yet, a thor-
ough and judicious assessment of the best evidence will promote
treatment decisions that are: less arbitrary, better informed, more
individualized, more transparent, and more broadly acceptable.
The first contribution of evidence-based medicine is to change
the anchor for the decision from the beliefs of experts to evidence
of effectiveness.” An important consequence of a comprehensive
examination of the evidence broadly covering all clinical topics
in nephrology as necessitated by this textbook is the exposure of
the scope of evidence that informs the diagnosis and management
of patients in our field, the laying bare, so to speak, of what is
known and what is not known. Recently, Strippoli and coworkers
evaluated the number of randomized controlled trials in nephrol-
ogy compared to other fields in internal medicine [5]. They found
that the number of randomized trials in nephrology was substan-
tially lower than for other internal medicine subspecialties. In this
evidence-based nephrology textbook, evidence from high-quality
observational studies is considered in many cases in conjunction
with the randomized controlled trials evidence, a reflection of the
current state of the best available evidence that informs the practice
of nephrology.

The examination of the totality of evidence should have the fol-
lowing principal outcomes. An explicit acknowledgment of the
limited scope of the evidence, specifically, that it is rather in-
complete in many areas, should permit a responsible challenge of
opinion-based (even expert opinion) practice recommendations
and should, thus, reduce the reliance on dogma. Identifying those
areas of disease management for which there is only poor-grade ev-
idence should suggest a research agenda. Because evidence-based
medicine has traditionally emphasized patient-centered research,
it is anticipated that an evidence-based approach will be more
robustly patient centered.

In the spirit of evidence-based medicine, we have embarked on
this book with the following goals in mind. First, we wish to pro-
vide the student of nephrology with a single convenient source
of clinical evidence that has been passed through an evidence-
based filter. Second, we wish to provide a forum for the reason-
able inclusion of data of multiple types as these determine best
practice in nephrology, including high-quality observational and
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epidemiological data, in particular where high-quality experimen-
tal data are lacking. Third, by uncovering the areas where evidence
is lacking, we hope to help inform the hierarchy of need for clini-
cal trials. We hope that this textbook reflects current best evidence
and that it is sufficiently comprehensive to cover the major clinical
questions encountered by nephrologists, including those caring
for the transplant patient and the pediatric patient. In compiling a
textbook we have had to make some editing choices for clarity and
organization. There may be areas, we hope very few, that have not
been covered as comprehensively as the majority of topics in this
text. We have included very little discussion of some topics that are
covered extensively in traditional nephrology textbooks, including
discussions of the mechanisms of disease and/or pathophysiology
that emerge from in vitro studies, unless a discussion of these is
likely required to understand clinical evidence on treatment of the
relevant renal disorder. Thus, the treatment of electrolyte disorders
that typically occupies one-third of most textbooks in nephrology
is confined to one rather brief section, as clinical trials evidence is
entirely lacking for much of the dogma on this topic.

By definition a textbook is likely to be less up to date than an
evidence-based medicine website that can undergo comprehensive
updating in real time. The latter type of resource, as exemplified by
the Cochrane database, requires a large investment of intellectual
resources, and for this reason the promise of a truly comprehen-
sive constantly updated review of all topics in nephrology has not
been fully achieved to date. In the absence of such resources, we
hope that this textbook, Evidence-Based Nephrology, will fill a sub-
stantial portion of this void. Furthermore, unlike the Cochrane
database, which is almost exclusively focused on questions of
therapy, we have also included comparisons of many of the current
evidence-based guidelines and we have included a discussion of the
evidence as it relates to diagnosis, prognosis, and risk identifica-
tion. We begin with a discussion of the sources of this evidence
and the qualities that differentiate high-quality evidence from that
of lower quality. We acknowledge that inclusion of nonexperi-
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Figure 1 The spectrum of clinical uncertainty.

mental evidence does not permit robust conclusions in the ab-
sence of a significant degree of clinical uncertainty. This general
concept of a spectrum of clinical uncertainty, in which all clin-
ical decisions are made along a continuum from higher degrees
of uncertainty to lower degrees of uncertainty, is illustrated in
Figure 1.

It is our hope that this evidence-based nephrology textbook
will, by moving the practice of nephrology toward the right-hand
end of this spectrum, result in better clinical decisions. In the true
spirit of evidence-based medicine, we hope that this text will thus
push the specialty toward greater reliance on less biased evidence
and make explicit the fact that we will never be able to manage
patients without some uncertainty.

We also wish to acknowledge, along with the benefits we have
enumerated above, some of the risks of an evidence-based ap-
proach in developing a textbook. In sum, we do believe the practice
of nephrology is far better off with an evidence-based approach
based on the principles that we have tried to exemplify in com-
piling this text as the starting point of an understanding of our
field. To the material detailed in the various chapters, we hope or
rather expect that our evidence-based medicine-centered learners
and readers will add, through their own judicious application of
evidence-based medicine principles, their own new knowledge as
it emerges from the medical literature. Additionally, we acknowl-
edge that an evidence-based medicine text might be most up to
date when first published but that new information will always
emerge between editions; hence, a textbook like this can at best
be only one of several resources for the evidence-based medicine
practitioner. We hope this effort will provide a core resource for
the evidence-based nephrology practitioner who is otherwise lim-
ited by time constraints from researching every question that may
arise daily in the care of patients.

Donald A. Molony, MD
Jonathan C. Craig, MD
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Introduction: Trials, Systematic Reviews,
Grading Evidence, and Implications for
Nephrology Research

Jonathan C. Craig

Why a trial (evidence)-based book

Readers of this book will be very familiar with the usual rationale
for why randomized controlled trials (RCTs) should be central to
routine clinical care [1]. Fundamentally, health care is about im-
proving health outcomes, and an RCT is the study design which
best estimates the true effects of interventions. Clearly, to practice
good health care, other types of questions need to be addressed,
diagnostic and prognostic questions in particular, and for these
questions other study designs are needed. Inevitably in a book like
this, some prioritization is needed, and because treatment ques-
tions are critical, results of relevant RCTs have been highlighted in
all chapters.

The recent history of RCTs is interesting and was begun not in
health care but in agricultural science by R. A. Fisher in 1935 [2].
Like many advances in biomedical science, innovators and leaders
are always needed, and this came in the form of two eminent
English scientists, Major Greenwood and Bradford Hill. Major
Greenwood, as head of the Medical Research Council’s (MRC)
Statistical Committee, was able to convince the Therapeutic Trials
Committee of the MRC in the 1930s to 1940s of the importance
of RCTs. Bradford Hill took over Major Greenwood’s position in
1945, and under his supervision the MRC’s randomized trial of
streptomycin was conducted in 1946 and published in 1948 [3].
Richard Doll, another major figure in the development of clinical
trials during the 20th century, reflected upon the impact of this
landmark study. The expert judgment of the Professor in deciding
whether an intervention worked or not was rejected in favor of am
explicit, quantitative, methodologically robust study design, the
randomized trial [4].

The history of RCTs has also been marked by critics who typi-
cally suggest that observational studies are more “real world,” and
because they are larger, follow patients for longer time periods,
are more inclusive, they are at least as valid as RCTs for evaluating

whether interventions work, and they are probably more valid [5-
10]. This debate occurred during the so-called outcomes research
movement in the 1980s, but it was comprehensively decided in
favor of trial-based evaluation of interventions, given that for the
past 20 years major research funders, guidelines groups, regulators,
and purchasers of health care had almost universally accepted the
trial as the most valid study design to evaluate the effects of inter-
ventions, with observational studies a clear second [11]. Recently,
this debate has been reignited, largely it would seem, to lower the
barrier for new drugs and devices for the purposes of approval and
subsidization [12].

The fundamental flaw of observational studies is that the allo-
cation of interventions to patients is not random [13-16]. Conse-
quently, any difference in outcomes between the patients who did
and those who did not receive the intervention may be due to differ-
encesin patient characteristics, and unfortunately these differences
can never be reliably and completely adjusted for, despite regres-
sion analysis, propensity scores, and the other statistical meth-
ods. A large-scale empirical comparison of the results of trials and
observational studies was commissioned by the National Health
Service and published as a Health Technology Assessment report
[17]. The conclusion was clear. Most of the time, the results of ob-
servational studies and trials are concordant, but sometimes they
are not, and the results of trials cannot be predicted with certainty
based upon observational studies. There are many examples, tight-
ness of glucose control in type 2 diabetics being a recent one. Con-
trary to observational studies, which have consistently shown tight
glucose control improves macrovascular and microvascular out-
comes, the ACCORD [18] and ADVANCE [19] studies showed no
improvement in macrovascular outcomes, and in ACCORD, anin-
creased all-cause mortality was reported. Studies like these reaffirm
the importance of proper evaluation of interventions in RCTs, even
though they are expensive and take time. The conduct of trials will
become increasingly important when the marginal gains in health
care become smaller and the potential harms and costs, greater.
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Introduction

Why a systematic review-based book

Decisions on treatment should be based upon all, and not just
some, relevant RCTs. Currently, the Cochrane Renal Group has
a register of RCTs in kidney disease that contains the records of
about 10,000 trials and 12,000 publications arising out of those
trials. The registry steadily increases at about 2000 trials/year. A
simple Medline search would find only about two-thirds of these
trials, because of problems in classification of the disease category
and study design in the Medline coding. Also, about one-fourth
of all trials in the registry come from handsearching, mainly from
abstract compilations from the major nephrology and transplanta-
tion meetings. These studies may never be published (publication
bias) or may be published relatively late (publication delay bias).
Why systematic reviews of RCTs should form the basis of treat-
ment recommendations and not just narrative reviews or a single
trial chosen by an expert is beyond the scope of this introduction,
but I will summarize the key points.

For clinicians it is easier to look at one systematic review than
the many trials that are summarized in that review. Second, many
trials are relatively underpowered, and a formal quantitative syn-
thesis of the results may find a statistically significant benefit (or
harm) that none of the component studies found. Meta-analysis
provides a summary estimator of treatment effects, where appro-
priate, and this is necessary to inform practice, to ensure that
benefits numerically exceed harms. Third, the variabilities in pop-
ulations and interventions in a systematic review may increase the
applicability of the findings. For example, interleukin 2 receptor
antagonists have a remarkably homogeneous effect in reducing
acute rejection despite the variability in baseline immunosuppres-
sion used [20]. Critics of meta-analyses argue that like should only
be kept with like, and that “apples and oranges” should never be
combined. Actually, it is often only in a context of a meta-analysis
that there can be formal testing of whether treatment effects vary
according to prior beliefs. Fourth, systematic reviews may mini-
mize and/or highlight the various publication biases that might
occur. One publication bias, the tendency for so-called “negative
studies” not to be published, can be minimized if a comprehen-
sive search of the “grey literature” (meeting abstract compilations,
etc.) is conducted. The opposite bias, duplication bias, is where
one study, typically one that is favorable to an intervention, is
published multiple times and this is not disclosed to readers. Some
“salami slicing” is reasonable, when studies are extremely large and
report many outcomes. Many is not, particularly when the net ef-
fect is to mislead clinicians into thinking an intervention is more
effective than it really is because of multiple, undisclosed pub-
lications. Finally, systematic reviews can highlight an outcomes
reporting bias. It has been shown that trialists frequently change
their primary outcomes during the trial, and this tends to favor
the intervention under evaluation [21,22]. Trialists may only re-
port what is improved with an intervention and not what is most
important to a patient or what they said they would do at the in-
ception of a study. These observations have led to calls for public
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disclosure of trial protocols. Systematic reviews can highlight these
potential biases by demonstrating discrepancies in the number of
trials reporting important outcomes. For example, many trials of
calcineurin inhibitors did not report diabetes, acute rejection, or
graft survival [23].

Why a book which “GRADEs" evidence

Most evidence-based textbooks and guidelines only evaluate the
study design. Randomized trials become the proxy for evidence,
when the reality is much more complex. What about when the trials
are poorly done? What about when the wrong outcomes are mea-
sured? What about when the benefits are evaluated but the harms
are not? Recently, the GRADE group, an open, multidisciplinary,
international group of researchers and policy makers, developed
a comprehensive approach to evidence, which forms the basis of
this book [24-26]. Many of the chapters in this book have one
or more evidence profile tables, with the simple two-tier (strong
or recommend, weak or suggest) recommendations developed by
GRADE. Full details of the process are provided elsewhere, but in
short, GRADE begins with a systematic review of the available ev-
idence. The overall evidence supporting an intervention, against
the comparator intervention, is assessed. Domains considered are
the study design (RCTs, observational studies, etc.), study quality
(for RCTs this would include allocation concealment, blinding, in-
tention to treat, loss to follow-up), consistency (are all the studies
reporting the same results or are they different, and are the differ-
ences unexplained), and directness. Directness concerns whether
the results of the trials can be generalized to the patient group
being considered for the intervention and whether the outcomes
being assessed are relevant or of a surrogate or unimportant na-
ture. These four domains are considered in evaluating the overall
strength of the evidence for the intervention being evaluated. Im-
portantly, both benefits and harms are given equal consideration,
and so even if there was high-quality evidence of the benefits of
an intervention, if the quality of data for the adverse effects was
very low, then the overall quality of evidence would also be rated
as very low. Conceptually, evidence is rated as high quality when
the evidence is so robust that no new studies could be justified
because the benefits and harms are clear. The GRADE framework
is a net clinical benefit, a benefit-harm framework, informed by
the quality of the evidence. The evidence profile is then converted
into a treatment recommendation after considering the quality of
the evidence, values and preferences, local applicability consider-
ations, and the benefit-harm trade-off in the patient group being
considered for treatment. Conceptually, a strong recommendation
would be equivalent to a reccommendation that most clinicians and
patients would follow if well-informed.

Clearly, judgment is required, but GRADE requires that such
judgments be explicit and incorporate all of the relevant domains.
GRADE reinforces the notion that, although trials are essential for
evidence-based health care, they are insufficient. Observational
studies are often needed to quantify the baseline risk values of



individuals for outcomes that are averted by an intervention and
to quantify the harms of rare events. GRADE also reinforces the
importance of systematic reviews as the first step in the recom-
mendation process.

Why evidence-based nephrology is a work in
progress

More and better trials are needed

It has been shown that the number of trials in kidney disease
lags behind all other specialties, and the standard quality report-
ing domains of allocation concealment, blinding, and intention to
treat analysis are low and not improving [27]. Nephrology patients
deserve the same quality of evidence-based care as patients with
cancer. This can only occur when the standard of clinical care is
for participation in a trial of a new promising intervention versus
the current standard of care that is large enough to answer the
question and in which simple outcomes that matter to patients
are measured in all participants, both benefits and harms. This
model of a large, simple trial, which has been adopted so success-
fully in cardiology and oncology, is a long way from the current
model in nephrology [28]. The typical current model is a small
trial (presumably because of large per-patient recruitment costs or
a lack of a cohesive recruiting network) and one that sometimes
compares a new intervention against a nonstandard, clinically in-
ferior intervention [29]. Superiority is typically demonstrated, but
such trials have questionable ethics and give results with uncertain
policy relevance where the best standard care is expected to be
the comparator. Trials may also be short term (months), and not
all patient-relevant outcomes are reported, suggesting outcomes
reporting bias in which only favorable outcomes are reported. In
nephrology trials, the generic call for mandatory registration of
trials and study protocols, and for complete reporting of all out-
comes, both harmful and beneficial, should be heeded [21,22].
The nephrology community needs to follow the example of other
disciplines and develop a consensus on what outcomes should be
reported in trials and what definitions should be used [30].

More and better systematic reviews are needed

To date, the nephrology community has summarized in systematic
reviews only about 1000 of the available 10,000 trials. In short, we
are only about 10% of the way towards the goal of up-to-date
systematic reviews of all RCTs. Readers of this book will notice
that not all chapters have tabulated evidence summaries based
on the GRADE methods. Reasons for this are many but include
the absence of existing systematic reviews in areas of high clinical
importance.

Although the focus on interventions is justifiable, ideally we
need systematic reviews of all diagnostic tests used in nephrol-
ogy and, some would argue, we equally need systematic reviews
of prognosis studies. This can only be achieved with much larger-
scale cooperation across the peak nephrology bodies and among
researchers and clinicians than has occurred to date. Until this
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occurs, and the relevant reviews are done, unnecessarily duplica-
tive and unethical studies will continue, and needed studies will
go undone. Research will be dominated by commercial interests
and not patient needs.

More and better recommendations are needed

Not all authors in this book have used the GRADE system. This
is to be expected, given the absence of existing systematic reviews
and lack of familiarity with the GRADE process, which is still in
development.

One critical lack is an almost complete absence of evidence about
the values and preferences of patients with chronic kidney disease,
which is needed to inform and assign weights to recommendations.
Researchers tend to assume that they can correctly assign priorities
to outcomes that reflect the values held by patients but, when
evaluated, this has not been the case for other chronic diseases. A
qualitative research agenda needs to be developed around patient
perspectives of research and health care in nephrology.

In conclusion, thisbook has been deliberately ambitious. If read-
ers are better informed by better evidence compared to their pre-
reading state, then the goal of the book will have been achieved.
A bonus will be if this book prompts a better evidence base that
will make whatever subsequent editions of this book that appear
more comprehensive, valid, and useful to clinical decision makers
[31].
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Introduction

End-stage renal disease (ESRD) is defined by the cessation of ef-
fective kidney function and the substitution of renal replacement
therapy (RRT), such as hemodialysis, peritoneal dialysis, or kidney
transplantation, for native kidney function to sustain life. During
the last 3 decades, an epidemic of ESRD has occurred in both in-
dustrialized and developing countries [1,2]. The epidemic increase
in ESRD was initially attributed to the dissemination and adoption
of RRT with the attendant extension of productive life. Although
there is evidence that the rate of increase in ESRD incidence has
abated in the USA, continuing increases in ESRD incidence rates
after access to RRT becomes available to an entire population of a
particular country have been documented by registries throughout
the world [3].

The public health impact of the epidemic of ESRD is substantial.
In the USA, it is estimated that the lifetime risk of being treated
for ESRD is 2.5% for white men, 1.8% for white women, 7.3% for
black men, and 7.8% for black women [4]. Life expectancy among
individuals treated for ESRD is substantially shortened, and treat-
ment is punctuated by frequent hospitalizations and progressive
disability [3]. The economic costs of the epidemic are substantial as
well, and the per-patient cost of care can exceed by severalfold the
costs incurred by age-, gender-, and ethnicity-matched individuals
in the general population. Furthermore, these costs only partially
capture the full economic burden of ESRD, which includes the
costs of chronic disability, premature mortality, and diminished
quality of life.

Given the population cost burden of this epidemic of ESRD,
it is increasingly recognized that strategies must be designed to
increase the early detection and care of the antecedent diseases
that contribute to this epidemic of end-organ failure [5,6]. There
are multiple causes of kidney injury that result in ESRD, and the
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evidence-based diagnosis and management of these conditions
are discussed in detail in subsequent chapters of this textbook.
Common to each, however, is a continuum of progressive decline
in kidney function that leads to a syndrome of chronic kidney
disease (CKD), which is characterized by hypertension, anemia,
renal/metabolic bone disease, nutritional impairment, neuropa-
thy, impaired quality oflife, and reduced life expectancy and which
culminates in ESRD. The purpose of this chapter is to describe the
definition of CKD and the measurement of the population-based
health burden of CKD across the continuum of disease, from mild
impairment to ESRD, as an essential foundation for the evidence-
based management of kidney disease. Problems inherent in using
biomarkers and prediction equations to define kidney function
and detect CKD are discussed in chapter 2. The epidemiology of
CKD is discussed in chapter 4, and risk factors associated with pro-
gressiveloss ofkidney function can be found in chapter 3. Chapter 2
examines how surveillance systems have been used to measure and
improve the care of patients receiving RRT.

Definition of chronic kidney disease

CKD can be defined as the persistence for 3 or more months of
structural and/or functional abnormalities of the kidney [7]. This
definition replaces previous case definitions that described vari-
able degrees of impaired kidney function [8,9]. The rationale for
adopting a uniform case definition of CKD includes the need for
1) improved comparability across observational and clinical stud-
ies, 2) an improved capability for uniform comparisons of kidney
disease incidence and prevalence, and 3) improved communica-
tions about diagnosis and treatment of kidney disease. The most
important anticipated benefit of a common terminology is more
effective communication with patients and the public.

The “structural” abnormalities used to define CKD are 1) mi-
croalbuminuria or overt proteinuria; 2) an abnormal urinary sed-
iment as evidenced by the presence of red blood cells (RBCs),
RBC casts, white blood cells (WBCs), WBC casts, tubular cells,
cellular casts, granular casts, oval fat bodies, fatty casts, or free
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Table 1.1 Prevalence of decreased kidney function and CKD in the noninstitutionalized US population

Kidney function Albuminuria Within Each Level of GFR (%) CKD

Persistence of

Estimated GFR Prevalence N Micro- Macro- Micro-albuminuria Prevalence  N* Nt

(mUmin/1.73 m?) (%) (1,000s) None albuminuria  albuminuria (%) Stage (%) (1,000s)  (1,000s)
>90 10,183 64.3 114,000 90.8 8.7 0.5 53.9 1 33 5,900 10,500
60-89 4404 312 55,300 87.2 11.7 1.2 72.7 2 3.0 5,300 7,100
30-59 961 43 7,600 613 31.5 7.2 t 3 4.3 7,600 7,600
15-29 52 0.2 400 % t t t 4 0.2 400 400
<15 s t 3005 ¢ t t t 5 0.2 3005 3005
Total 15,600 100 177,300 88.4 10.5 1.1 63.2 Total  11.0 19,200 25,600

NOTE: Dark shading indicates individuals with CDK, and light shading indicates CKD in a subgroup with persistent microalbuminuria. Estimates based on repeated visit of
individuals with microalbuminuria (n = 102 for GFR > 90 mL/min/1.73 m2, n = 44 for GFR of 60 to 89 mL/min/1.73 m2). Microalbuminuria defined as albumin-creatnine
ratio (ACR) of 17 < ACR < 250 for men and 25 < ACR < 355 for women; macroalbuminuria defined as ACR > 250 for men and ACR > 355 for women (persistence assumed

to be 100%).

Abbreviations: n, number of NHANES Il participants; N, estimated number of individuals in the United States.

* Estimates based on persistent microalbuminuria at two visits for CKD stages 1 and 2.

T Estimates based on albuminuria in a single spot urine sample.
1 Denotes cells with fewer than 30 NHANES IIl participants.

§ Estimated from the US Renal Data System.

Source: Coresh et al. 2003 [105].

fat; and 3) abnormal findings on imaging tests, including ultra-
sound, intravenous pyelogram, computer tomography, magnetic
resonance imaging, and nuclear scans. Overt proteinuria is de-
fined as an increased urinary concentration of albumin and other
proteins detected by routine laboratory measures (e.g. urine dip-
stick test for protein), and microalbuminuria is an increased al-
bumin excretion that can be detected only by laboratory methods
more sensitive than the standard protein assay that uses the urine
dipstick.

The functional component of the definition of CKD uses
creatinine-based estimates of clearance derived from the Modi-
fication of Diet in Renal Disease (MDRD) glomerular filtration
rate (GFR) estimating equation or the Cockcroft—Gault creatinine
clearance equation [10]. The derivation and use of these multi-
variate prediction equations are discussed in chapter 5. At present,
no single method of GFR estimation is strongly recommended.
Clinicians should choose a method that is appropriate for their
population to determine the estimated GFR (eGFR) and assign a
stage of kidney disease, always cognizant that failing to account
for the modification of the complex association between serum
creatinine and GFR by age, gender, and race is likely to lead to
misclassification of kidney function and attendant errors in clini-
cal decision making.

The available estimating equations are imprecise at higher levels
of GFR, and there is great interest in revising them or identifying
better filtration markers that will improve our ability to measure
kidney function across the continuum of kidney performance
from normal to ESRD [10]. The inherent imprecision of all
methods of estimating GFR led to the decision to rank the degree

of impaired kidney function into more global stages (levels) by
the eGFR in the following manner:

Stage 1: eGFR >90 mL/min/1.73 m? (with structural abnormal-
ities)

Stage 2: 60-90 mL/min/1.73 m? (with structural abnormalities)

Stage 3: 3059 mL/min/1.73 m?

Stage 4: 15-29 mL/min/1.73 m?

Stage 5: <15 mL/min/1.73 m?

In addition to these eGFR ranges, the persistence of structural
abnormalities for at least 3 months is necessary to assigning CKD
stages 1 and 2, and stages 3—5 of CKD are defined by persistent
impairments for greater than 3 months in the eGFR alone.

This staging algorithm is illustrated by using data from the US
population aged 20 years and older (Table 1.1). The prevalence of
CKD based on eGFR and presence and degree of proteinuria CKD
is estimated to be 11% of the US population [7]. Over 50% of
the prevalent disease is due to the presence of proteinuria among
individuals with stage 1 (3.3%) and stage 2 (3.0%) CKD, and this
proteinuria is largely due to microalbuminuria. Among individu-
als with stages 3—5 CKD, which are defined by eGFR alone, 85%
of individuals have stage 3 disease (4.3%).

Kidney disease: improving global outcomes

The definition of CKD was reviewed at the 2004 “Kidney Dis-
ease: Improving Global Outcomes (KDIGO)” Controversies Con-
ference [11]. Two further modifications were proposed to better
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adapt the staging algorithm for international use: 1) clinical judg-
ment should be used to decide the relevance of nonproteinuric
markers of kidney damage prior to diagnosing CKD in individu-
als without either proteinuria or reduced GFR; 2) individuals with
a transplanted kidney should be considered as having CKD irre-
spective of other structural or functional markers. The KDIGO
modified the CKD risk stratification by adding the letter T to de-
note CKD in a transplanted kidney and recommended that stage
5 CKD be modified by the letter D to denote RRT by dialysis [11].

International Classification of Diseases and
kidney diseases
The International Classification of Diseases (ICD) classifies each
condition that has given rise to the chain of events leading to death
(underlying cause of death) as recorded on death certificates. The
ICD is used by national vital statistics registries. At present, it
provides the only uniform population-based case definition for
international comparisons of the burden of disease attributable to
earlier stages of CKD and, as such, is an important actuarial tool in
defining the health burden of CKD across populations and, with
certain limitations described below, temporally. The Ninth Revi-
sion of the ICD (ICD-9), used between January 1, 1979 and Dec-
ember 31, 1998, was replaced by ICD-10 on January 1, 1999 [12].
Revisions of the ICD reflect the evolution of disease classifi-
cation and emergence of new diseases, and they resolve admin-
istrative issues that have stemmed from a particular version of
the codes. Clinicians should be aware that ICD revisions often
introduce changes in the classification of an underlying cause of
death. Comparisons of death rates due to specific causes, such as
kidney disease, across different ICD revisions can be facilitated
by using comparability ratios that relate rates from different time

1965 1970 1975 1980 1985 1990 1995 2000 20'03

Note : Age-adjusted rates per 100,000 U.S. standard populattion,
area "Technical Notes" "Essential" (primary) hyperien aion and Hypertension renal disease.

periods. The comparability ratio relating rate computed from ICD-
9 (ICD-9 codes 580-589) and ICD-10 (ICD-10 codes N0O0-NO07,
N17-N19, and N25-N27) data is estimated to be 1.23, indicating
that the new ICD-10 coding will result in a 23% increase in classi-
fication of deaths due to kidney disease compared with the ICD-9
codes [12]. This version-to-version difference is due, in part, to a
change in the classification of ESRD from an unspecified disorder
of the kidney in ICD-9 to ESRD (N18.0), a subcategory of kidney
failure (N17-N19) in ICD-10.

Secular trends in kidney disease as an underlying cause of death
need to be interpreted with these changes in mind. This can be
illustrated by trends in kidney disease as a cause of death in the
USA (Figure 1.1), which declined between 1958 and 1978 and
then increased substantially until the end of the century [13]. The
transition from ICD-9 to ICD-10 in 1998 is represented by the dis-
continuity in the trend line for deaths due to nephritis, nephrotic
syndrome, and nephrosis.

The Clinical Modification of ICD-9 (ICD-9-CM) is used ad-
ministratively in the USA and was modified in 2005 to reflect the
new nomenclature for CKD. ICD-9-CM code 585, “Chronic renal
failure,” was dropped, and seven new four-digit codes were intro-
duced to code for the presence of CKD [14]. These new codes reflect
the National Kidney Foundation (NKF) CKD staging definitions:

585.1: Chronic kidney disease, stage 1

585.2: Chronic kidney disease, stage 2 (mild)
585.3: Chronic kidney disease, stage 3 (moderate)
585.4: Chronic kidney disease, stage 4 (severe)
585.5: Chronic kidney disease, stage 5

585.6: End-stage renal disease

585.9: Chronic kidney disease, unspecified
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Furthermore, in 2006, the ICD-9-CM nomenclature for codes 403
and 404, denoting kidney complications of hypertension, were
changed from “renal disease” to “kidney disease” and from “re-
nal failure” to “chronic kidney disease.” A revision of the clinical
modification of ICD-9 to reflect the ICD-10 coding conventions
is currently being developed.

The standardized ICD nomenclature provides some uniformity
of data that allows descriptions of population-to-population dif-
ferences in death rates attributed to kidney disease. This standard
nomenclature stands in contrast to the information reported by
national ESRD registries that collect and report information on the
occurrence of stage 5D CKD (see chapter 2). A report by Maison-
neuve et al. found substantial variability in the definition and clas-
sification of primary causes of ESRD throughout the world [15].
Comparisons of the burden of CKD based on ICD-related mor-
tality statistics also avoid the skewing of prevalence rates based on
ESRD rates that would be introduced by the variable coverage of
ESRD registries in economically developing countries.

The use of international comparisons of kidney disease burden
can be illustrated by considering the proportionate mortality at-
tributed to kidney disease throughout the world. Kidney disease is
the 9th leading cause of death in the USA [6] and the 12th leading
cause of death worldwide [16]. The burden of mortality due to kid-
ney disease in different world regions was recently reported by the
Global Burden of Disease Report [17]. Age- and gender-adjusted
proportionate death rates for genito-urinary diseases, which in-
clude nephritis and nephrosis, benign prostatic hypertrophy, and
other genito-urinary system diseases, vary from less than half of
to 50% greater than those observed in high-income regions of the
world (Figure 1.2) [17].

There are multiple potential explanations for this region-to-
region variability in the overall mortality burden due to kidney
disease. Regional differences in the prevalence of risk factors for
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Figure 1.2 Proportion of all deaths attributed to genito-urinary causes (ICD-9
codes 580-611 and 617-629 or ICD-10 codes NOO-N64 and N75-N98). These
codes include nephritis and nephrosis, benign prostatic hypertrophy, and other
genito-urinary system diseases. Regions in the Global Burden of Disease study
were defined as high-income countries (HIC), East Asia and Pacific (EPA),
sub-Saharan Africa (SSA), Latin America and the Caribbean (LAC), Europe and
Central Asia (ECA), Middle East and North Africa (ME/NA), and South Asia (SA).
Data were derived from regional tables for deaths by cause, sex, and age.
(Reprinted with permission [17].)

kidney injury and progressive loss of kidney function, access to
health care, detection and treatment of kidney disease, and di-
agnostic convention could contribute to the observed variability.
The main point of international comparisons is that a better un-
derstanding of the source of variation is essential for better control
of CKD and its risk factors through public health measures and
may lead to important generalizable insights into the reasons for
the occurrence and progression of CKD.

Functional and etiologic diagnoses for CKD

CKD is a nonspecific diagnosis that describes the presence and
degree of structural and functional abnormalities of the kidney.
CKD does not identify the cause for the injury and/or impaired
kidney function. Thus, the stage of CKD is an incomplete clinical
description of the underlying disease process, and identification
of CKD should also lead to a clinical diagnosis that includes a
cause (etiology) for the kidney disease and the stage of CKD. For
example, a diagnosis for CKD might be stated as “stage 3 CKD due
to diabetes,” “immunoglobulin A nephropathy with stage 4 CKD,”
or “stage 2 CKD of unknown etiology.”

At present, the best estimates for the relative contributions of
specific etiologies to the total burden of CKD within populations
are derived from the proportionate, cause-specific incidence of
ESRD within a population (see below). These estimates, however,
have a number of limitations. Most important is the possibility
that variations in survival and progression to stage 5 CKD among
individuals with kidney disease due to different causes might al-
ter the patterns of disease and the proportionate health burden
over the course of CKD. It is also likely that there are substantial
regional and ethnic variations within and between groups with
respect to specific causes of initial kidney injury. It is likely that
many individuals with prevalent kidney disease will have a number
of competing risk factors associated with the initiation and pro-
gression of kidney disease, and the precise temporal relationship
between these and the etiology of the initial kidney injury remains
obscure. Finally, systematic studies to estimate the risk of kidney
injury among individuals with less common forms of stage 5 CKD
remain to be conducted.

Prognostic importance of the stage of CKD

As discussed in chapter 2, the classification of CKD using the
NKEF stages provides substantial prognostic and diagnostic in-
formation concerning 1) outcomes (progression to ESRD and
mortality) [18,19] and 2) ocurrence of intercurrent morbidity
(ischemic heart disease, stroke, and peripheral vascular disease)
[20-28]. Further, the stage of CKD is predictive of the preva-
lence of complications associated with impaired kidney func-
tion (anemia, bone disease, and nutritional and functional status)
(Table 1.2).



Table 1.2 CKD stage characterizations and risk factors associated with progressive kidney disease
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Characteristic or risk factor
CKD stage characterization

Description

Stages 1 and 2

Stage 3

Stage 4

Stage 5

Chronic kidney damage with normal
to mildly decreased GFR

Moderate GFR loss

Severe GFR loss

Kidney failure

GFR (mL/min/1.73 m?) [2] >60 30-59 15-29 <15ordialysis
Prevalence (7] 6.6% 4.3% 0.2% 0.2%
Proteinuria [45] 8.1% 23.3% 63.4% -
Cardiovascular risk factors

Hypertension [7] 40% 55% 77% 75%
Diabetes [45] 3.1-6.5% 16.8% 22.8% -
C-reactive protein >0.21 mg/dL [44] 25-30% 48.7% 57.7% -
Nutritional risk factors - 2% 20% 50%
Albumin <3.5 g/dL [44] 1.7-2.2% 6.2% 8.2% -
Bicarbonate <22 mmol/L [44] 1.3-1.6% 2.3% 19.1% -
Risk factors for bone disease

PO4 >4.5 mg/dL [7,32] - <5% 20% 50%
Ca <8.5mg/dL [7,32] - <5% 8% 28%
25(0H)-vitamin D <75 nmol/L [32] - 71% 83%

iPTH (pg/mL) (<70 CKD-3 or <110 CKD-4) [32] - 35.4% 31% -
Quality of life

Difficulty walking [7] 5% 8% 22% 30%
Hemoglobin <13 g/dL [38] 4% 7% 29% 69%
Outcomes

5-year ESRD rate [18] 1.1% 1.3% 19.9% -
5-year mortality rate [18] 19.5% 24.3 45.7% -
3-year CVD rate [18] 2.1% 4.8% 11.4% 14.1%

Abbreviations: iPTH, intact parathyroid hormone; CVD, cardiovascular disease.

Complications of CKD and CKD stages

Complications that develop in CKD are listed in Table 1.2. The di-
agnosis and management of these complications are discussed in
greater detail in the sections Prognostic importance of the stage of
CKD and Complications of CKD and CKD stage of this text. Some
of the important CKD-specific associations between the develop-
ment of comorbidities and CKD stage that have emerged from
epidemiologic studies are described in brief below.

Disordered metabolism of 25(OH)-vitamin D, phosphorous
and calcium balance, and serum parathyroid hormone levels are
well-documented for stage 5 CKD [1] and are noted to begin at or
before stage 3 CKD. LaClair et al. studied patients with stage 3—5
CKD and found that 25(OH)-vitamin D deficiency was present in
71% and 83% of these patients, and parathyroid hormone levels
outside of the recommended normal range were present in 64.6%
and 69% of individuals with stages 3 and 4 of CKD [32]. Interest-
ingly, geographic locations characterized by lower latitudes were
inversely associated with an intact parathyroid hormone level. A
recent study by Binkley et al. questioned the role of sun exposure

on 25(OH)-vitamin D deficiency because deficiency remains rel-
atively common even in sun-exposed individuals [33]. The preva-
lence of elevated serum phosphorous levels and low albumin-
adjusted serum calcium levels increases with increasing stage of
CKD. Analyses of data from a cohort study of left ventricular hy-
pertrophy and anemia by Levin et al. estimated that the prevalence
of a serum phosphorous level greater than 4.5 mg/dL increased
from less than 5% among individuals with stage 3 CKD to 20%
of those with stage 4 CKD; comparable prevalence estimates for
a serum calcium level of less than 8.5 mg/dL were less than 5%
and 8% [34]. In contrast to these observations, Hsu et al. found
that age-, gender-, and race-adjusted femoral bone density among
National Health and Nutrition Survey III (NHANES III) partici-
pants was unchanged among individuals with mild and moderate
kidney disease [35].

Abnormalities of calcium and phosphorous metabolism are as-
sociated with increased risks of death and cardiovascular disease.
Kestenbaum et al. reported that patients with CKD in the Veter-
ans Affairs medical system with an elevated serum phosphorous
level were at increased risk for all-cause mortality (hazard ratio
[HR] per 1 mg/dL increase, 1.33; 95% confidence interval [CI],
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1.15-1.54) [36]. Menton et al. reported that, after adjusting for
other risk factors, cardiovascular disease but not all-cause mortal-
ity rates were marginally associated with increased serum phos-
phorous among participants in the MDRD study (adjusted HR
per 1 mg/dL increase, 1.27; 95% CI, 0.94-1.73) [37]. Similarly, the
calcium—phosphorus product was marginally associated with car-
diovascular disease, but not all-cause mortality (HR, 1.22; 95% CI,
0.89-1.66; P =0.23) in the MDRD participants. Among individu-
als with stage 5 CKD, the association between disorders of mineral
metabolism, including elevated serum phosphorus and calcium
levels and hyperparathyroidism, are well-documented and are es-
timated to account for 17.5% of the population attributable risk
for proportionate mortality.

Astor et al. used the NHANES III data to determine the asso-
ciation between GFR and the prevalence of anemia, defined as
hemoglobin less than 12 g/dL for men and less than 11 g/dL for
women [38]. The prevalence of anemia increased from 1% among
individuals with no CKD to 5.2% of individuals with stage 3 CKD
and 44.1% of those with stage 4 CKD.

As the stage of CKD increases, functional impairment and mag-
nitude of diminished quality of life reported by patients increase
as well [39,40]. A recent report from the Chronic Renal Insuffi-
ciency Cohort study compared standard disease-specific measures
of quality of life, the Kidney Disease Quality of Life Short Form
36, and general measures, including the SF-12 Physical and Men-
tal Health Short Form, the Health Utilities Index 3, and the Time
Trade-Off score among individuals with CKD [39]. The Chronic
Renal Insufficiency Cohort study investigators observed a strong
inverse association between stage of CKD and baseline measures
of disease-specific and general quality of life. Furthermore, among
individuals with CKD of stage 4 or greater who were tested sequen-
tially over 2 years, progression of CKD was associated with further
impairment of quality of life [40].

There is also evidence that the prevalence of cognitive impair-
ment increases with increasing stage of CKD and that individuals
with impaired kidney function at any level are at increased risk
of developing cognitive impairment [41-43]. A report from the
Health, Aging, and Body Composition study found that baseline
cognitive function measured by the Modified Mini-Mental State
Exam was inversely associated with degree of impaired kidney
function, which declined from a total score of 87.5 among indi-
viduals without CKD to 86.9 among those with a GFR between 45
and 59 mL/min/1.73 m? and to 84.7 for those with a GFR less than
45mL/min/1.73 m?, with a score ofless than 80 indicative of cogni-
tive impairment [42]. After controlling for other risk factors, both
individuals with a GFR between 45 and 59 mL/min/1.73 m?(odds
ratio [OR], 1.32; 95% CI, 1.03—-1.69) and those with a GFR of less
than 45 mL/min/1.73 m? (OR, 2.43; 95% CI, 1.38-4.29) were at
an increased risk of developing dementia during follow-up.

Individuals in the Cardiovascular Health Cognition Study un-
derwent a three-stage evaluation for dementia that included an as-
sessment of dementia risk, neuropsychological testing on high-risk
patients (and a sample of other study subjects), and neurological
and psychiatric evaluation for those classified as abnormal on the

neuropsychological tests [42]. Subjects with an increased serum
creatinine of >1.3 mg/dL for women and >1.5 mg/dL for men were
found to be at increased risk of developing incident dementia dur-
ing follow-up (OR, 1.37; 95% CI, 1.06—1.78). Of interest from this
study, these associations were observed only among individuals
who were healthy at baseline and were observed for vascular-type
but not Alzheimer’s-type dementia.

Descriptive epidemiology of CKD

Prevalence of Stage 1-4 CKD

The epidemiology of CKD is not well understood. NHANES is an
ongoing series of surveys of representative samples of the US pop-
ulation conducted by the National Center for Health Statistics of
the Centers for Disease Control and Prevention. These surveys are
cross-sectional, complex, random samples of the US population,
and they have been analyzed to provide CKD prevalence estimates.
The prevalence of CKD among adults aged 20 years and older in
the USA based on NHANES III data is estimated as 11%, with
6.3% of the population in the combined stages 1 and 2 CKD, 4.3%
in stage 3 CKD, and 0.2% of the population in each of stage 4 and
stage 5 CKD (Table 1.1).

Microalbuminuria, defined as an albumin—creatinine ratio of
17-250 mg/g in men and 25-355 mg/g in women, is present in
10.5% of the population on initial screening and persists over time
on repeated measures in the same individual in 63.2%, whereas
overt proteinuria (albumin—creatinine ratio of >250 mg/g for men
and >355 mg/g for women) is present in 1.1% of the population
[45]. Proteinuria increases in prevalence with decreasing GFR and
is found in 0.5% of individuals with an estimated GFR greater than
90 mL/min/1.73 m?, 1.2% of those with stage 3 CKD, and 7.2% of
those with stage 4 CKD.

There is substantial heterogeneity in the prevalence of stage 3
and 4 CKD across subgroups of the US population. CKD stages 3
and 4 are more prevalent among women (5.3%) than men (3.6%),
and prevalence increases from 0.2% among individuals age 20-39
years to 7.5% of individuals age 60—69 years. The non-Hispanic
white population has the highest prevalence of stage 3 and 4 CKD
in the US population (5.0%), compared with the non-Hispanic
black population (3.3%) and Mexican—Americans (1.0%). CKD
stage 3 and 4 prevalence is higher among individuals with diabetes
(15.1%) and those with treated (17.5%) and untreated (7.9%)
hypertension.

Comparisons of CKD estimates between the US population
and other countries are difficult to make for several reasons. The
measure of kidney function needs to be based on a standardized
measure of kidney function that has been validated within each
population. A standard classification needs to be applied to each
population. Estimates need to be adjusted for differences in the un-
derlying demographic characteristics (age, gender, and ethnicity)
of the respective populations.

CKD prevalence estimates currently available in the literature
are shown in Table 1.3 [46—57]. There is substantial variability
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Region [reference] N Ages (yrs) Sample Prevalence (%) with indicated stage(s)

Stage 3 Stage 4 Total, stages 3 and 4
North America
USA[105] >18 Random, stratified national 43 0.2 4.5
Morelia, Mexico [46] 3564 >18 Random sample clinic patients 8.1 0.3 8.4
Mexico City (diabetes) [47] 1586 35-64 Random, stratified Mexico City 23.8 0.7 41.2
Europe
Norway [48] 65,181 >20 Total population, Nord-Trondelag County 4.5 0.2 4.7
Groningen, Netherlands [49] 5.7 0.1 5.8
Galicia, Spain [50] 237 >20 Random community 53 04 5.7
Reykjavik, Iceland [51] 19,381 >30 Total population, Reykjavik area 3.7 (M)

11.0 (F) 0.0-0.3 -
Switzerland [52] 1778 55-65 Random national 7.1(M)

23.5(F) - -
East Asia/Pacific
China [53] 15,540 35-74 Random, stratified national 2.4 0.1 2.5
Australia (diabetes) [54] 11,247 >25 Random, stratified national 10.9 0.3 224
Hisayama, Japan [55] 2634 >40 Community survey 10.2 - 10.2
South Asia -
Karachi, Pakistan [56] 262 >40 Random, stratified community 29.4 - 29.4
India* [57] 4972 >30 Random, stratified, regional (Delhi) - 0.8 0.8

* Serum creatinine > 1.8 mg/dL.

across the studies in the age strata studied, classification meth-
ods, and methods of estimating GFR. Despite these variations, it is
possible to discern the substantial drop-off in prevalence between
stage 3 and stage 4 CKD across these varied populations; the es-
timated prevalence of CKD stage 4 is consistently less than 0.5%
among nondiabetic populations. It is also evident that stage 3 and
4 CKD is a substantial public health problem across the world,
exceeding 4% prevalence in all but one population. Finally, the
population-to-population variability in prevalence suggests that,
similar to the risk for cardiovascular disease, population-specific
risk factors for CKD may exist.

CKD and race

The lifetime risks of incidence of ESRD, based on 1993-1995 US
Renal Data System (USRDS) data, for 20-year-old white men has
been estimated to be 1.98%, 1.67% for white women, 5.49% for
black men, and 6.31% for black women, and these cumulative
incidences increased further during the 1990s [4]. The racial dis-
parity is reflected in age-adjusted ESRD rates, which are 3.8- to
4-fold higher among black people compared with white people
[3]. The excess ESRD incidence for the black population stands in
stark contrast to the prevalence data of stage 3 and 4 CKD esti-
mated from the NHANES III population-based sample of the US
population [58]. These studies report that CKD among adults age
20 years and older is found in 5.0% of the white population and
3.4% ofthe black population [58]. These racial disparities persisted
after controlling for age, hypertension, and diabetes. Analyses of

the REGARDS cohort study showed that these disparities are par-
ticularly evident in stage 3 CKD. As GFR declines, the black—white
prevalence gap diminishes and crosses in stage 4 CKD such that
the prevalence among Black people with advanced stages of CKD
becomes consistent with the observed ESRD incidence rate dis-
parities [59].

The disparity in black and white population ESRD incidence
rates persists after accounting for differences in the prevalence
of hypertension [60] and diabetes [61] in the at-risk population.
Factors associated with these racial disparities in ESRD incidence
include access to health care, poverty, and community poverty
[62—64]. Tarver-Carr and her associates used follow-up data from
NHANES II to examine risk factors associated with racial differ-
ences in the incidence of all-cause ESRD [65]. They reported a
2.7-fold-higher ESRD incidence for black people compared with
white people. Adjustment for a number of sociodemographic fac-
tors (poverty status, educational attainment, and marital status)
explained 12% of the excess ESRD risk among black people, and
adjusting for life-style factors (smoking status, physical activity,
alcohol use, and body mass index) explained an additional 24% of
the excess risk. Models that adjusted for prevalent diabetes melli-
tus, hypertension, and cardiovascular disease and baseline values
of systolic blood pressure and serum cholesterol levels explained
32% ofthe excess risk. When all of these factors were controlled, the
adjusted relative risk was 1.95 (95% CI, 1.05-3.63), accounting for
44% of the excess risk. Furthermore, the excess risk among black
people for ESRD reported by Tarver-Carr and her colleagues was
much greater among middle-aged than among older adults [65].
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The unexpected reversal of prevalence of CKD among black in-
dividuals compared with the white population and the failure of
multiple risk factors to explain the observed disparities in ESRD
incidence are consistent with observations that black people with
the same degree of impaired kidney function are at increased risk
of progressive kidney failure [62-69]. Hsu et al. recently exam-
ined this possibility in an ecologic analysis of NHANES III and
USRDS data [70,71]. They estimated that, despite a comparable
prevalence of CKD, 5% of black people and 1% of white people in
the US population will develop ESRD over a 5-year period, which
is consistent with the progression hypothesis.

Incidence and prevalence of stage 5 CKD

Stage 5 CKD is defined by a GFR of <15 mL/min/1.73 m? and
has two phases. The first phase is treated conservatively without
dialysis, and the second, slightly later phase involves the initiation
of RRT—either dialysis or kidney transplantation. The latter has
been called stage 5D, or ESRD, which is defined by its treatment
[11]. Whereas there is ample information available about patients
treated with RRT, epidemiological information about stage 5 prior
to starting dialysis is quite limited.

During the earlier phase of stage 5 CKD, conservative therapy
includes the same factors discussed in chapter 3 for stage 4 but
requires much closer monitoring of laboratory data and clinical
symptoms of uremia. Symptoms or laboratory abnormalities are
the main indications for starting dialysis. The optimal time for
initiation of dialysis therapy has been a focus of many debates,
as reports appear to be conflicting. Collins et al. showed that late
stages of CKD are associated with a high risk of mortality even
before starting dialysis [72]. Therefore, it appears reasonable that
early initiation of dialysis will save lives. Retrospective analyses of
mortality risk after initiation of dialysis, by level of kidney function
at the start of dialysis, suffer from a major bias: patients who are
started on dialysis with relatively higher levels of kidney function
tend to be older and frailer, whereas those who start with poorer
kidney function tend to be otherwise healthier with relatively few
comorbidities. Thus, due to selection bias, retrospective data may
falsely suggest that a later start is associated with better survival
on dialysis. Prospective studies that randomize patients to early
versus late start are scarce, but they appear to suggest that earlier
start of dialysis is associated with better outcomes after dialysis
[73]. Such studies must consider the lead time bias, which can
be avoided by studying survival not from the start of dialysis but
from the time of randomization to early versus late start. This takes
into account mortality risk while being treated without dialysis for
those randomized to a later start. As with stage 4, various causes of
CKD have different rates of loss of kidney function, which needs
to be considered in such studies, for example, by stratified ran-
domization. The contributors to the recent NKF Kidney Disease
Outcomes Quality Initiative (K/DOQI) guidelines reviewed the
available evidence on optimal RRT start time in great detail [7].
These guidelines do not offer a specific level of GFR to indicate
the need for starting dialysis but suggest that impairment of nutri-
tional status is one of several key indications for the initiation of
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dialysis therapy. The evidence regarding when to initiate dialysis
therapy and what dialysis modality results in the best outcomes is
reviewed in detail in chapters 7 and 8 of this textbook.

There is a wealth of epidemiologic information available about
the later stage 5D of CKD (i.e. for patients who have started RRT,
usually with dialysis). Numerous national and regional registries
have relatively complete information on patients undergoing RRT.
Patients initiating dialysis should be viewed as survivors of stage
4 CKD and the earlier phase of stage 5 CKD. This applies to nu-
merous retrospective studies on patient management during the
months prior to the start of dialysis.

The Dialysis Outcomes and Practice Patterns Study (DOPPS)
inquired from patients how long they had seen a nephrologist prior
to starting dialysis and found (among those surviving to dialysis)
that, for each of the 12 DOPPS countries, about 66.8—82% had
seen a nephrologist for more than 4 months and 8.4-20.6% had
seen one for less than 1 month prior to starting dialysis. Patients
who received longer pre-ESRD nephrology care were sixfold more
likely to have a permanent vascular access rather than a catheter
in use, and they were more likely to have an arteriovenous fistula
rather than a graft [74].

Incidence

The number of patients starting RRT per year has been increasing
steadily since maintenance dialysis became available in 1960, with
roughly a doubling in the annual number of new patients during
each decade in the 1970s, 1980s, and 1990s [75]. Thus, the inci-
dence has been growing at an exponential rate. Each registry has
shown clearly that this rate of growth has been substantially lower
for younger patients and highest for the oldest age group. This
epidemic of dialysis-requiring CKD may have several causes, al-
though it may be difficult to quantify the role of each contributor.
Causes may be categorized into three major groups: 1) patient se-
lection, 2) competing risk, and 3) increased incidence of advanced
CKD.

Selection of patients to RRT

The steep increase in incidence for older age groups suggests that
very elderly patients and those with particularly severe comor-
bid conditions were likely not offered dialysis therapy in earlier
years and have been increasingly offered RRT in each subsequent
decade. In fact, in the early 1970s, a common exclusion for dialysis
was age over 60 or 65 years and presence of any systemic disease,
such as diabetes or lupus erythematosus. Such patients did have
stage 5 CKD but were not counted in registries because registries
dealt only with patients who actually received dialysis therapy. The
“epidemic” of ESRD was defined only by its treatment.

Competing risks

There is clearly a high mortality risk among patients with earlier
stages of CKD, and most individuals with stage 3 and 4 CKD die
before starting RRT [18,19]. In fact, impaired kidney function is
now recognized as one of the most important risk factors for coro-
nary artery disease, and these risks persist into stage 5 CKD [20].



Substantial improvements in the treatment of heart disease and
in survival have occurred in recent decades, which may have al-
lowed such patients to survive to advanced stages of CKD and to
the need for dialysis, whereas in earlier eras, these same patients
would have died from heart disease during an earlier stage of CKD.
A recent analysis by Muntner et al. investigated the possibility that
the increase in ESRD between 1978 and 1991 could be attributed
to increased survival among individuals with diabetes, myocar-
dial infarction, and stroke [76]. They estimated that changes in
the numbers of persons in the US population with these condi-
tions could account for slightly over 40% of the increased ESRD
incidence (diabetes, 27.6%; myocardial infarction, 4.8%; stroke,
7.9%). These results suggest that some, but not all, of the increase
in ESRD in the USA is due to improved care and survival among
high-risk groups.

True increase in incidence of CKD

It is also possible that the increased incidence of ESRD reflects in-
creases in the underlying prevalence of CKD. There are potential
reasons for more CKD to occur, but these are somewhat specula-
tive. The incidence of type 2 diabetes mellitus has doubled from
the 1970s to the 1990s, according to the Framingham study [77].
The availability of nonsteroidal anti-inflammatory drugs with-
out prescription has likely increased their widespread use and the
potential for nephrotoxic injury. Greater intensity of medical care
may have led to greater exposure to potentially nephrotoxic agents,
such as antibiotics and chemotherapeutic agents. Specifically, the
growth in nonrenal organ transplantation has been associated with
a substantial incidence of CKD and ESRD [78].
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Influence of race on incidence of ESRD

Incidence rates for newly treated ESRD differ markedly by race and
ethnic group. Incidence is highest among African Americans
and among indigenous populations of North America, Australia,
and New Zealand [7,78]. Diabetes as the cause of ESRD is also
particularly high in these populations. Low incidence rates are
recorded in developing countries, but this may reflect more lim-
ited availability of dialysis therapy, rather than less CKD. Japan and
the USA have relatively high overall incidence rates. The USA also
has a particularly high fraction of incident patients with diabetes
as the cause of their kidney failure. It is surprising that incidence
rates of RRT and of the fraction with diabetes are substantially
lower among Europeans than among white Americans, since the
latter are mostly of European descent [7,79]. As ESRD incidence
rates continue to rise everywhere, European rates have been similar
to those observed in the USA nearly a decade earlier. As the rates
of increase gradually level off in the USA, one may speculate that
rates in Europe and the USA will eventually become more similar.

Trends in incidence

The first indication of a significant slowing of the rate of rise in
the incidence of stage 5D CKD was noted by Wolfe and Port
for nondiabetic patients, according to USRDS data for the year
1997 [80]. More recent USRDS data confirm the earlier change in
trend for nondiabetic patients and show that, for patients with dia-
betic ESRD, the annual rise in incidence rates has also significantly
slowed in more recent years. This is shown in Figure 1.3 by the evi-
dence that, since 2001, annual incidence rates for diabetic patients
have been below the projected 95% CI of prior years. USRDS data

Projected linear trend with
95% confidence intervals. Trend
based on data from 1988-2000

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Figure 1.3 USRDS data showing trends for non-diabetic and diabetic patients.

Year

1



Part 1 Epidemiology of Kidney Disease

Table 1.4 Comorbid conditions for representative samples of prevalent and incident hemodialysis patients by geographic region in 2002—2003 based on DOPPS-II

Comorbid condition Prevalent cross-section (%)

Incident prevalent cross-section (%)?

Europe Japan us Europe Japan us

(n = 3938) (n = 1805) (n = 2260) (n = 230) (n=175) (n=162)
CAD 44.3 25.2 61.1 40.8 14.9 60.7
Cancer 12.9 6.0 11.9 18.9 10.4 15.8
Cardiac (other than CAD or CHF) 40.1 31.7 31.1 31.1 17.5 29.7
Cerebrovascular 16.5 14.6 19.1 13.8 14.3 15.4
CHF 24.5 16.4 40.1 24.7 25.6 44.0
Diabetes 25.6 26.8 51.4 34.8 33.8 52.5
Gl bleed 5.6 4.1 6.5 8.6 0.8 3.7
HIV/AIDS 0.5 0.1 1.0 1.5 0.0 0.6
HTN 74.2 63.9 87.8 75.6 67.5 87.0
Lung disease 11.3 2.2 12.9 15.4 0.0 15.3
Neurological 11.7 6.8 14.2 11.3 9.5 13.2
Psychiatric 20.2 34 25.5 15.4 1.9 33.0
PVD 28.5 1.7 29.3 26.7 10.7 26.9
Recurrent cellulitis, gangrene 7.2 3.1 10.2 5.0 43 9.5

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure

2 Defined as entering the DOPPS study within 90 days of their first-ever hemodialysis treatment.

Note: Analyses are weighted for dialysis facility size.

also show that the age group of patients that shows essentially no
increase in incidence now extends beyond childhood and adoles-
cence to also include young adults [80]. Despite these encouraging
trends, it is important to note that there continues to be an increase
in the incidence rate overall, even in the USA. The epidemic may
have slowed in the USA, but it continues to be a major concern.
Recent reports from non-US ESRD registries indicate that similar
trends may be emerging throughout the world [81].

Prevalence

Data on the true prevalence of stage 5 CKD are lacking, except for
the detailed registry data on those treated with dialysis or trans-
plant. The number of patients undergoing RRT at the end of a
year (point prevalence) and the number at any time during a year
(period prevalence) are much higher than the number starting
RRT during the year (incidence). Prevalence rates have been ris-
ing steeply over time. Prevalence of a disease increases if patient
survival increases at a constant incidence rate or if the incidence
rises at a constant survival rate. Thus, the prevalence rate corre-
sponds to the product of the incidence and survival rates. For RRT,
both a rise in the incidence (Figure 1.1) and an improvement in
survival have been well-documented in the USA [82]. The issues
described above related to incidence also apply to prevalence of
treated ESRD, except where modified by differences in survival for
certain groups. Because of the lower survival rates for the oldest
age groups, their relative rate of rise in prevalence is not as steep
as that observed for incidence. Worldwide, more than a million
patients were undergoin