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Conceptual Model of CKD: Applications and Implications

Andrew S. Levey, MD,1 Lesley A. Stevens, MD, MS,1 and Josef Coresh, MD, PhD2

The conceptual model of chronic kidney disease (CKD) was developed by the National Kidney
Foundation’s Kidney Disease Quality Outcome Initiative (NKF-KDOQI) in 2002 and subsequently
revised and adopted by an international consensus under the auspices of KDIGO (Kidney Disease:
Improving Global Outcomes) in 2005. This model includes concepts of definition, staging, outcomes,
and treatment, as well as risk factors for the development, progression, and complications of CKD.
Treatments are available for patients with risk factors and for each stage of CKD; these include slowing
the progression of kidney disease, preventing and treating the complications of decreased glomerular
filtration rate, and reducing cardiovascular disease risk factors and treating cardiovascular disease. In
principle, measures to improve the prevention, detection, and treatment could reduce adverse out-
comes, improve the quality of life, and prolong the survival of individuals with CKD. The conceptual
model for CKD is now being applied to a public health approach for the prevention of the development,
progression, and complications of CKD. Primary prevention is defined as prevention of CKD; secondary
and tertiary prevention are defined as improving outcomes of patients with CKD stages 1 to 4 and kidney
failure (CKD stage 5), respectively. The conceptual model has also fostered debate about important
questions: Is CKD a disease or a cardiovascular disease risk-factor condition? Do all patients with CKD
need to be referred to a nephrologist? What does CKD care include? Should the classification be
modified to include cause of disease and prognosis? Can CKD evolve from acute kidney disease, and is
CKD reversible? Is albuminuria a manifestation of a kidney disease or systemic endothelial dysfunction?
Is the age-related decrease in glomerular filtration rate normal or abnormal, and should we change the
definition of CKD in the elderly? A combination of immediate action, data gathering, and research to
establish the efficacy, effectiveness, and costs related to CKD are needed to respond to CKD as a public
health problem.
Am J Kidney Dis 53(S3):S4-S16. © 2009 by the National Kidney Foundation, Inc.
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he conceptual model of chronic kidney dis-
ease (CKD) currently in use was first de-

ailed by the National Kidney Foundation’s Kid-
ey Disease Outcomes Quality Initiative (NKF-
DOQI) in 2002 and subsequently revised and

dopted by international consensus under the
uspices of KDIGO (Kidney Disease: Improving
lobal Outcomes) in 2005.1-3 The Centers for
isease Control and Prevention is now applying

his model in the public health approach for the
revention of the development, progression, and
omplications of CKD.4 The purpose of this
rticle is to review the conceptual model, includ-
ng the definition, staging, outcomes, and treat-
ent of patients with CKD, as well as risk
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actors for the development, progression, and
omplications of CKD. We also highlight the
istorical perspective of the conceptual model
nd some of the recent debate about the implica-
ions of these concepts for clinical practice, re-
earch, and public health. Some material in this
rticle is reprinted from previous reports.1-3

HISTORICAL PERSPECTIVE

The introduction of improved techniques for
linical chemistry and pathology in the mid-20th

entury dramatically expanded knowledge of the
linical characteristics, pathogenesis, natural his-
ory, diagnosis, and treatment of many types of
KD. At the same time, the development of
ialysis and transplantation offered life-saving
reatment to patients with kidney failure, irrespec-
ive of the cause of the disease, but were too
xpensive to be widely applied. The 1967 report by
he Committee on Chronic Kidney Diseases, con-
ened by the federal government and chaired by
arl Gottschalk, opens with the letter in Box 1.5

he Gottschalk report suggested a federal system
f care, paving the way for the 1972 legislation

reating the end-stage renal disease program in
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Conceptual Model of CKD S5
he United States by enabling Medicare coverage
or dialysis and transplantation for patients with
hronic kidney failure regardless of age.6

In the following decades, Brenner et al,7 inves-
igating animal models of CKD, formulated a
ypothesis for the progressive nature of kidney
isease irrespective of cause, including the poten-
ial for treatment to ameliorate progression. Their
ypothesis stimulated additional laboratory and
linical investigation and eventual large clinical
rials. At the same time, new treatments became
vailable for patients with some of the most
mportant complications of kidney failure and
arlier stages of CKD, including anemia and
one and mineral disorders.8 The high burden of
ardiovascular disease in patients with CKD was
ecognized, and CKD was identified as a new
isk factor for cardiovascular disease.9

In the past 20 years, evidence from many
ources indicated that CKD had become a public
ealth problem in the United States and around
he world. There was an increasing incidence and
revalence of kidney failure, with poor outcomes
nd high cost. There was an even greater preva-
ence of earlier stages of CKD. It became appre-
iated that CKD was under-diagnosed and under-
reated, resulting in lost opportunities for
revention. The NKF convened a work group,
haired by 2 of the authors of this article, to
evelop clinical practice guidelines for CKD
oncerning evaluation, classification, and stratifi-

Box 1. Excerpt From Cover Letter From the
Committee on Chronic Kidney Disease

“You charged the Committee with the responsibility of
considering all aspects of the problems posed by chronic
kidney disease and of making recommendations di-
rected towards meeting these problems. . . . Prevention
is obviously preferable to treatment of disease. Unfortu-
nately, knowledge concerning the causes and prevention
of end-stage kidney disease is limited and this is an area
in which an expanded research effort is required. Further-
more, even if a completely successful method of preven-
tion is developed it will have no significant impact on the
numbers of people dying from end-stage kidney disease
for many years. Therefore, the Committee recommends
a national treatment program aimed at providing chronic
dialysis and/or transplantation for all of the American
population for whom it is medically indicated . . .”

Note: Text from 1967 letter from Carl W. Gottschalk,
D, to Charles L. Schultze, Director of the US Bureau of

he Budget.5
ation of risk. KDOQI co-chairs Eknoyan and s
evin wrote in the preface to the KDOQI CKD
uidelines, “Thus, while dialysis has made it
ossible to prolong the lives of patients with
SRD, today it is also possible to retard the
ourse of progression of kidney disease, to treat
ccompanying comorbidity earlier, and to im-
rove the outcomes and quality of life of all
ndividuals afflicted with kidney disease, well
efore replacement therapy becomes necessary.
et, the application of these advances remains

nconsistent, resulting in variation in clinical
ractice and, sadly, in avoidable differences in
atient outcomes”.1

One reason for poor outcomes was believed to
e the lack of agreement about a definition and
lassification of stages in the progression of
KD. As stated in the introduction to the execu-

ive summary of the guidelines, “A clinically
pplicable classification would be based on labo-
atory evaluation of the severity of kidney dis-
ase, association of level of kidney function with
omplications, and stratification of risks for loss
f kidney function and development of cardiovas-
ular disease.”1

CONCEPTUAL MODEL

Figure 1 shows the KDOQI conceptual model
or the development, progression, and compli-
ations of CKD with modifications relevant to

public health approach.1,4 The conceptual
odel identifies kidney failure as the end stage

f CKD and links it to earlier stages. Accord-
ng to this concept, kidney failure is preceded
y a decrease in glomerular filtration rate
GFR), which is preceded by kidney damage.
KD typically evolves over a long time, begin-
ing with a lengthy latency period when the
isease may go undetected, followed by late
nset of symptoms caused by complications of
ecreased kidney function. Thus, it should be
ossible to detect CKD before kidney failure
y testing for markers of kidney damage and/or
stimating GFR. The horizontal arrows in Fig

pointing from left to right emphasize the
rogressive nature of CKD. However, the rate
f progression is variable, and not all patients
rogress; thus, a diagnosis of CKD does not
quate with eventual development of kidney
ailure. Interventions in earlier stages may

low or prevent the progression to later stages.
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Levey, Stevens, and CoreshS6
arly stages of kidney disease may be revers-
ble, and individuals with kidney failure can
evert to earlier stages through kidney trans-
lantation, shown as dashed arrowheads point-
ng from right to left, signifying that remission
s less frequent than progression, as discussed
ext.
The conceptual model also identifies a popula-

ion at increased risk of developing CKD. At-
ributes that differentiate the population at greater
isk from the population at lower risk are defined
s risk factors for the development of CKD.
ome risk factors may be modifiable, and in
rinciple, the detection and modification of these
isk factors could delay or prevent the develop-
ent of CKD.
The model highlights the possibility of compli-

ations of earlier stages of CKD, often leading to
eath, without progression to kidney failure. Strat-
gies for the prevention, early detection, and
reatment of CKD complications may prolong
urvival and improve quality of life even if there
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Increased
risk DamageDamage
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Figure 1. Conceptual model of chronic kidney diseas
evelopment, progression, and complications of CKD. Gre
KD; lavender circles, consequences of CKD; thick arrow
nd progression and remission of CKD. “Complications”
omplications of decreased glomerular filtration rate (GFR
long the continuum. Modified and reprinted with permissio
s no effect on kidney disease progression. B
DEFINITION, STAGES, OUTCOMES, AND
TREATMENTS FOR CKD

CKD is defined as the presence of kidney dam-
ge or GFR less than 60 mL/min/1.73 m2 for 3
onths or longer, irrespective of cause.1-3 Table 1

ists the rationale for each criterion. An important
spect of the definition is that the criteria are
bjective and can be ascertained by means of
imple laboratory tests.10,11 Markers of kidney dam-
ge include abnormalities in serum or urine or on
maging studies and generally reflect the underly-
ng pathological state. Albuminuria reflects in-
reased glomerular permeability to macromol-
cules. Although a number of definitions have been
roposed for albuminuria, in this classification, the
ccepted threshold for albumin-creatinine ratio in
n untimed spot urine sample is greater than 30
g/g; sex- and race-specific ratios have been pro-

osed because of variation in creatinine excretion,
ut are more difficult to implement. GFR generally
s considered to be the best index of overall kidney
unction in patients in health and with disease.

ogression
ons of CKD
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Treating
Kidney Failure
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D). Overall, this diagram presents the continuum of the
les, stages of CKD; aqua circles, potential antecedents of
en ellipses, risk factors associated with the development
to all complications of CKD and its treatment, including
cardiovascular disease. Stages of prevention are shown
the National Kidney Foundation.1
g Pr
licati
cond
vent

g Pr
licati
cond
vent

e (CK
en circ
s betwe
refers
) and
ecause GFR is difficult to measure, it is estimated
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Conceptual Model of CKD S7
rom serum creatinine concentration in clinical set-
ings. Currently available estimating equations are
easonably accurate at estimated GFRs (eGFRs)
ess than 60 mL/min/1.73 m2; however, bias and
recision are worse at greater levels of eGFR. Like
ll diagnostic tests, interpretation is influenced by
he prior probability of disease. Isolated abnormali-
ies in otherwise healthy individuals should be
onfirmed before definitive diagnosis or action is
aken. Although confirmation with GFR measure-
ent may be helpful when decisions depend on a

recise knowledge of GFR (for example, when
valuating a potential kidney donor), in most cases,
GFR is appropriate for diagnosis, staging, and
racking the progression of CKD.

CKD is a heterogeneous condition with vary-

Table 1. Criteria and Rati

Criteria

uration � 3 mo based on documentation
or inference

Duratio
Inferenc

docu

idney damage, defined as structural or
functional abnormalities of the kidneys

Patholo
Markers

Urine
Blood
Imag

and
History

lbuminuria as a marker of kidney damage
(spot urine albumin-creatinine ratio � 30
mg/g)

Albumin
Thresho
Higher
Higher

glo
Higher

pro
wit

Therap
pro

FR � 60 mL/min/1.73 m2 GFR is
Thresho

kid
Thresho
Lower l
Lower l
Lower l

car
wit

Thresho
equ
cre

Note: Conversion factor for units: GFR in mL/min/1.73 m
Abbreviations: CKD, chronic kidney disease; GFR, glome
ng expression among individual patients, in part t
elated to the cause and pathological characteris-
ics of kidney disease, rate of progression, and
resence of comorbid conditions. Because of the
entral importance of level of kidney function in
he care of patients with CKD, stage of CKD is
efined by level of GFR. Table 2 lists the 5-stage
lassification of CKD, associated International
lassification of Diseases, Ninth Revision codes,
nd links to the KDOQI clinical action plan for
ach stage.1-3 The action plan is cumulative; the
lan for each stage includes actions from previ-
us stages. Although strong evidence is available
o justify action related to some interventions,
any of the other recommendations are based on
eak evidence or opinion. To highlight the spe-

ialized care required for dialysis and transplan-

for the Definition of CKD

Rationale or Comment

essary to distinguish chronic from acute kidney diseases
ronicity allows clinical judgment in the absence of

ion of past history

bnormalities
ding:
malities (eg, albuminuria)
malities (eg, renal tubular syndromes)
ormalities (eg, polycystic kidneys, hydronephrosis, small
enic kidneys)

ey transplantation

flects increased glomerular permeability
l is 2-3 times greater than normal value
re infrequent in young individuals (�40 y)
re the earliest marker of kidney damage due to diabetes,
r disease, and hypertension
re associated with adverse outcomes, including
n of kidney and cardiovascular disease in individuals

hout diabetes mellitus
reduce albuminuria are associated with slowing the
n of diabetic and nondiabetic kidney disease

t overall index of kidney function in health and disease
l is substantially greater than the level associated with

lure
l is approximately half the normal adult level
re rare in young individuals (�40 y)
re associated with increasing complications of CKD
re associated with adverse outcomes, including
cular disease morbidity and mortality in individuals with or
abetes
lower levels can be detected by current estimating
for GFR based on serum creatinine, but not by serum
alone

/s/1.73 m2, �0.01667.
ltration rate.
onale

n is nec
e of ch

mentat

gical a
, inclu
abnor
abnor

ing abn
echog

of kidn

uria re
ld leve

levels a
levels a
merula
levels a
gressio
h or wit
ies that
gressio

the bes
ld leve

ney fai
ld leve

evels a
evels a
evels a
diovas
hout di
ld and
ations

atinine
2 to mL
ation, patients receiving treatment with dialysis
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Levey, Stevens, and CoreshS8
re subclassified as CKD stage 5D, and patients
n all stages with a functioning transplant are
esignated with a T.
Major outcomes of CKD include loss of kid-

ey function possibly leading to kidney failure,
omplications of decreased GFR, and increased
isk of cardiovascular disease. The rate of de-
rease in kidney function varies among individu-
ls, with fast progression defined as a GFR
ecrease greater than 4 mL/min/1.73 m2/y. At
his rate, the interval from onset of CKD stage 3
GFR � 60 mL/min/1.73 m2) to kidney failure
15 mL/min/1.73 m2) would be approximately
0 years or less. Patients with uncontrolled hyper-
ension, proteinuria, and diabetes, as well as
embers of US racial and ethnic minority groups,

ppear to have faster rates of kidney disease
rogression. Treatments to slow progression are
ow available. The most dramatic results are
ppreciated with strict blood pressure control
nd use of antihypertensive agents that inhibit
he renin-angiotensin system in patients with
ore rapidly decreasing GFR (as seen in patients
ith diabetic kidney disease, those with nondia-
etic kidney disease with proteinuria, or African
mericans).12 Recent data from the US Renal
ata System suggest a decreasing incidence of

Table 2. Stages, Description, and Clinical Action

Stage Description GFR (mL/min/1.73 m2)

— At increased risk �60 (with CKD risk facto

1 Kidney damage
with normal or1
GFR

�90

2 Kidney damage with
mild2 GFR

60-89

3 Moderate2 GFR 30-59

4 Severe2 GFR 15-29

5 Kidney failure �15 (or dialysis)

Note: Patients treated with dialysis are classified as CK
ransplant are designated with a T. Conversion factor for un

Abbreviations: CKD, chronic kidney disease; CVD, cardio
inth Revision; ESRD, end-stage renal disease; GFR, glom
idney failure in some groups, perhaps reflecting t
eneficial effects of early detection and im-
roved treatment.13

Complications of decreased GFR include hy-
ertension, anemia, malnutrition, bone and min-
ral disorders, neuropathy, and decreased quality
f life.1 As shown in Fig 2, the burden of compli-
ations is especially high in patients with CKD
tages 4 to 5 (GFR � 30 mL/min/1.73 m2).
herapeutic interventions at earlier stages can
revent or ameliorate many of the complications
f decreased GFR.12,14-17 In addition, susceptibil-
ty to acute kidney injury (AKI) and other side
ffects of medications or diagnostic and therapeu-
ic procedures, such as imaging studies, are in-
reased at decreased GFRs.

Cardiovascular disease is considered sepa-
ately because cardiovascular events occur more
requently than kidney failure in patients with
KD, CKD appears to be an independent risk

actor for cardiovascular disease, and cardiovas-
ular disease in patients with CKD is treatable
nd potentially preventable. The 1998 Report of
he NKF Task Force on Cardiovascular Disease
n Chronic Renal Disease recommended that
atients with CKD be considered in the highest
isk group for subsequent cardiovascular disease
vents, and that most interventions effective in

r CKD and Individuals at Increased Risk of CKD

ICD 9 Code Clinical Action Plan

— Screening
CKD Risk Reduction

585.1 Diagnosis and treatment
Treatment of comorbid

conditions
Evaluation of risk
Slowing progression
CVD risk reduction

585.2 Estimating progression

585.3 Evaluating and treating
complications

585.4 Preparing for kidney
replacement therapy

585.5
585.6 (if ESRD)

codes for dialysis or
transplantation

Replacement (if uremia present)

e 5D, and patients in all CKD stages with a functioning
R in mL/min/1.73 m2 to mL/s/1.73 m2, �0.01667.
ar disease; ICD 9, International Classification of Diseases,
filtration rate.
Plan fo

rs)

V

D stag
its: GF
vascul
he general population should also be applied to
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Conceptual Model of CKD S9
atients with CKD.9 These conclusions were
ffirmed by the 2003 Statement from the Ameri-
an Heart Association Councils on Kidney in
ardiovascular Disease, High Blood Pressure
esearch, Clinical Cardiology, and Epidemiol-
gy and Prevention18 and recent guidelines by
he Joint National Committee on Prevention,
etection, Evaluation and Treatment of High
lood Pressure,19 American Diabetes Associa-

ion,20 and NKF.21-23 Few clinical trials have
een designed to evaluate “hard” clinical out-
omes, such as total mortality and kidney failure,
n the CKD population. However, treatment for
atients with cardiovascular disease risk factors
s effective in earlier stages of CKD,9 and the
KD subgroup in cardiovascular disease trials
ppears to benefit as much or more than the
on-CKD subgroup from reduction in cardiovas-
ular disease risk factors and intensive manage-
ent of clinical cardiovascular disease.24-26 Re-

ently, it has been recognized that cardiovascular
isease is a risk factor for loss of kidney func-
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Serum calcium < 8.5 mg/dL Serum phosphorus > 4.5 mg/dL

Figure 2. Estimated prevalence of complications related
o chronic kidney disease (CKD) according to estimated
lomerular filtration rate (GFR) in the general population.
ypertension was defined as systolic blood pressure of 140
m Hg or higher, diastolic blood pressure of 90 mm Hg or
igher, or receipt of antihypertensive medication. The study
opulation includes participants in the Third National Health
nd Nutrition Evaluation Survey (1988 to 1994) aged 20
ears or older. A total of 10,162 participants with a mean age
f 39 years had a GFR greater than 90 mL/min/1.73 m2;
,404 with a mean age of 54 years had a GFR of 60 to 89
L/min/1.73 m2; 961 with a mean age of 72 years had a GFR
f 30 to 59 mL/min/1.73 m2; and 52 with a mean age of 75
ears had a GFR of 15 to 29 mL/min/1.73 m2. Conversion
actors for units: GFR in mL/min/1.73 m2 to mL/s/1.73 m2,
0.01667; serum calcium in mg/dL to mmol/L, �0.2495;
emoglobin in g/dL to g/L, �10; serum albumin in g/dL to g/L,
10; serum phosphorus in mg/dL to mmol/L, �0.3229. Modi-

ed and reprinted with permission from National Kidney
oundation.1
ion.27 Possibly, better treatment of patients with r
ardiovascular disease may slow the develop-
ent or progression of kidney disease.
Thus, there is now therapy to slow the progres-

ion of kidney disease, prevent and treat the
omplications of decreased GFR, and reduce
ardiovascular disease risk factors and treat car-
iovascular disease in patients with CKD. In
rinciple, measures to improve the prevention,
etection, and treatment of CKD in its earlier
tages could reduce adverse outcomes, improve
uality of life, and prolong the survival of indi-
iduals with CKD.

CKD RISK FACTORS AND
STRATEGIES FOR PREVENTION

Risk factors are defined as attributes associ-
ted with increased risk of adverse outcomes.
able 3 lists risk factors for the development,
rogression, and complications of CKD and the
elationship of risk factors to preventive strate-
ies.28 Identification of modifiable risk factors
llows targeting of specific populations for diag-
ostic testing and therapeutic intervention at dif-
erent stages in the development and progression
f CKD and can be linked to preventive strate-
ies. Primary prevention is defined as prevention
f CKD and would include screening for risk
actors for development of CKD in the general
opulation. Secondary prevention is defined as
mproving outcomes of CKD stages 1 to 4 and
ould include early detection of CKD through

ducation and CKD testing in individuals at
ncreased risk of the development of CKD. Sec-
ndary prevention would also include evaluation
nd management of risk factors for the progres-
ion and complications of CKD in patients found
o have CKD stages 1 to 4. Tertiary prevention is
efined as improving outcomes of patients with
idney failure (CKD stage 5) and would include
valuation and management of risk factors for
omplications in patients with kidney failure. To
ate, there are few data to evaluate prevention
rograms for patients with earlier stages of CKD.

IMPLICATIONS

The conceptual model, definition, and staging
or CKD raise many new questions. The answers
ill have major implications on clinical practice,
esearch, and public health.
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Levey, Stevens, and CoreshS10
s CKDaDiseaseor aCardiovascularDisease
isk-Factor Condition?

Although CKD is not as severe a condition as
idney failure, as shown, it is still a serious
ealth concern. In describing CKD, it is impor-
ant to convey an appropriate balance between
he importance of diagnosis and treatment of a
isease versus simple identification of a high-
isk state. KDIGO considered alternative propos-
ls, but favored retaining the term “disease.”3

he KDOQI definition of CKD as a disease is
onsistent with current use of this term. The
xford English Dictionary (compact edition) de-
nes a disease as “A disorder of structure or
unction in a human, animal, or plant, especially
ne that produces specific symptoms.”29 Evi-
ence in support of a condition being defined as a
isease includes clinical-pathological correla-
ions (as defined by case series), associations
ith symptoms or findings (as defined by cross-

ectional analyses), and associations with out-
omes (as defined by longitudinal analyses). The
se of the term disease in CKD is consistent
ith: (1) the need for action to improve out-

Table 3. Risk Factors for the Development, Progress

Risk Factor Definition

evelopment Increase susceptibility to kidney
damage

Old
r
r
s

Directly initiate kidney damage Dia
d
i

rogression Worsen kidney damage or
accelerate GFR decrease

Hig

omplications Increase risk of complications of
decreased GFR

Fa
m
d
p
t

Accelerate onset or recurrence
of CVD

Tra
n
f

Increase morbidity and mortality
in kidney failure

Lat
c

Note: Factors implicated at different stages in the develo
hich they could potentially appear.
Abbreviations: CKD, chronic kidney disease; CVD, cardio
omes through prevention, detection, evaluation, a
nd treatment; (2) providing a message for pub-
ic, physician, and patient education programs;
3) common use; and (4) its use in other condi-
ions defined by findings and laboratory tests,
uch as hypertension, diabetes, and hyperlipid-
mia. As recognized by several clinical practice
uidelines, more data are needed to strengthen
he evidence for a number of action plans for
atients with different complications of CKD, as
ell as referral and care practice models for
atients with different stages of CKD.

oAll PatientsWithCKDNeed toBe
eferred to aNephrologist?

CKD is common. Nephrologists cannot and
o not need to care for all patients with CKD.
sing the definition and classification for CKD
escribed, it has been estimated that approxi-
ately 13% of the US adult population has
KD30 compared with 0.2% treated by dialysis
r transplantation. The number of practicing neph-
ologists is not sufficient to care for all patients
ith CKD, and the recent publication of clinical
ractice guidelines for many of the conditions

nd Complications of CKD and Preventive Strategies

Examples Preventive Strategies

, family history of CKD, US
r ethnic minority status,

kidney mass, hyperfiltration

Primary prevention

high blood pressure, obesity,
emia, autoimmune diseases,
ns, stones, obstruction

el of proteinuria Secondary prevention

lated to hypertension, anemia,
ition, bone and mineral
rs, neuropathy; drugs and
res with kidney or systemic

l CVD risk factors;
itional “CKD-related” risk

ral, dialysis factors, comorbid
ns

Tertiary prevention

and progression of CKD are listed in the initial category in

lar disease; GFR, glomerular filtration rate.
ion, a

er age
acial o
educed
tates

betes,
yslipid

nfectio

her lev

ctors re
alnutr
isorde
rocedu
oxicity

ditiona
ontrad
actors

e refer
onditio

pment
ffecting patients with early stages of CKD should
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Conceptual Model of CKD S11
acilitate the care of many of the routine prob-
ems that occur in patients with CKD by primary
are physicians and other specialists.1,12,14-23 This
s similar to other common chronic diseases in
lder adults. Not all patients with type 2 diabetes
re referred to an endocrinologist and not all
atients with cardiovascular disease are referred
o a cardiologist. Suggested indications for refer-
al to nephrologists and other specialists are
isted in Table 4.12 Nephrologists and other phy-
icians should work to refine these recommenda-
ions and develop practice models to facilitate
oordination of care for patients with earlier
tages of CKD. Randomized trials of care pro-
rams or components of care will provide the
ost rigorous basis for action.

hatDoesCKDCare Include?

Most patients with CKD do not develop kid-
ey failure. We suggest that nephrologists and
ther physicians need to adopt a broader view of
are for patients with CKD. In a large clinical
opulation, the average age of patients with
KD was approximately 70 years, and death was
pproximately 25 times more common than pro-
ression to kidney failure.31,32 Even in patients
ith CKD stage 4, death was 3 times more

ommon than initiation of dialysis therapy. Car-

Table 4. Recommendations for Referral to Spe

Evaluation and Management of CKD as Described in KDOQI
CKD Clinical Action Plan

FR � 30 mL/min/1.73 m2

pot urine total protein–creatinine ratio � 500-1,000 mg/g
ncreased risk of progression of kidney disease
FR decrease �30% within 4 mo without explanation
yperkalemia (serum potassium � 5.5 mEq/L) (despite
treatment)

esistant hypertension (blood pressure � 130/80 mm Hg
despite adherence to a 3-drug antihypertensive
regimen that includes a diuretic)
ifficult-to-manage drug complications
cute presentations of cardiovascular disease
omplex or severe chronic cardiovascular disease
conditions

ge � 18 y

Note: Conversion factor for units: GFR in mL/min/1.73 m
nd mmol/L are equivalent.
Abbreviations: CKD, chronic kidney disease; GFR, glom

nitiative.
Reprinted with permission from National Kidney Foundat
iovascular disease is the leading cause of death s
n patients with CKD, and these conditions share
any risk factors. Thus, appropriate CKD care

xtends beyond interventions to slow the decline
n GFR and treat patients with the complications
f decreased GFR to also include management of
ardiovascular disease and its risk factors. A
areful evaluation of the risks of CKD should
nclude risks of multiple outcomes, as listed in
able 5.33 Older age increases the risk of mortal-

ty and cardiovascular disease in absolute terms
nd relative to the risk of kidney failure.34 The
ppropriate evaluation for treatable causes and
omplications of kidney disease in the elderly is
ot certain. As discussed next, this is an impor-
ant area for research.

hould theClassificationBeModified to Include
auseofDisease andPrognosis?

CKD is a heterogeneous condition. Classifica-
ion according to severity (level of eGFR) is only
he first step in evaluating a patient with CKD.
linicians must consider all relevant characteris-

ics in estimating prognosis and formulating treat-
ent plans, including the cause of kidney dis-

ase, comorbid conditions, complications related
o level of GFR, risks of kidney disease progres-
ion, and risks of cardiovascular disease. For
xample, the prognosis for some people in earlier

for Consultation and Comanagement of CKD

Kidney Disease Specialist; Other Specialists as Appropriate

Kidney disease specialist
Kidney disease specialist
Kidney disease specialist
Kidney disease specialist
Kidney disease specialist

Kidney disease or hypertension specialist

Kidney disease or hypertension specialist
Cardiovascular disease specialist
Cardiovascular disease specialist

Pediatric kidney disease specialist

L/s/1.73 m2, �0.01667. Serum potassium levels in mEq/L

filtration rate; KDOQI, Kidney Disease Outcomes Quality
cialists

2 to m

erular
tages of CKD may be worse than for others in
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Levey, Stevens, and CoreshS12
ater stages of CKD. A child with nephrotic
yndrome and normal GFR caused by focal and
egmental glomerulosclerosis is more likely to
rogress to kidney failure than an elderly person
ith a moderate decrease in GFR caused by
ypertensive nephrosclerosis, and evaluation and
anagement should be appropriately tailored for

his possibility. The child should be carefully
valuated for underlying causes of kidney dis-
ase; treated to induce a remission and relieve
ymptoms of nephrotic syndrome; frequently
onitored for complications of treatment, kid-

ey disease progression, and complications re-
ated to decreased GFR; counseled about life-
tyle adjustments to cope with chronic disease;
nd educated about options for dialysis and trans-
lantation if kidney disease progresses. The risk
f drug toxicity and clinical cardiovascular dis-
ase is greater in the older patient than in the
hild. Accordingly, in the absence of risk factors
or fast progression of kidney disease, interven-
ion for the elderly patient with stage 3 CKD may
iffer substantially, with the greatest benefit ob-
ained through cardiovascular disease risk reduc-
ion and prevention of AKI and other side effects
f medications and procedures. These consider-
tions are the basis of recommendations for
eferral, as discussed.

Some have suggested modifying the current
lassification according to cause of CKD or
rognosis. Others have believed that the simplic-
ty of the current classification system has been
ritical to its success and acceptance by non-
ephrologist physicians and therefore have not
een in favor of modification of the current

Table 5. CKD Measures as R

Outcome CKD Sta

oncurrent complications† ���
rognosis
Risk of cardiovascular disease or mortality ���
Risk of kidney failure ���
Rate of decrease in GFR �
Acute kidney injury, drug toxicity ���

Abbreviations: CKD, chronic kidney disease; GFR, glome
Modified from Levey and Coresh.33

*For example, diabetic, glomerular, vascular, tubulointers
†Hypertension, anemia, malnutrition, bone disease, neur
ystem. We agree that adding prognosis to the p
lassification system would have merit. Age, sex,
ace, diabetes, level of blood pressure, and mag-
itude of albuminuria are among the most impor-
ant prognostic factors for kidney disease progres-
ion and cardiovascular disease; however, more
esearch is needed to develop clinically useful
redictive instruments. The goal should be to
nd ways to articulate the differential risks for

he various outcomes of CKD (Table 5) while
till maintaining its simplicity and appropriate-
ess for use by all health care professionals.

anCKDEvolve FromAcuteKidneyDisease and
sCKDReversible?

Recent statements from the Acute Kidney In-
ury Network define AKI as a “an abrupt (within
8 hours) reduction in kidney function”35 and
ropose a conceptual model for AKI that is
nalogous to the model for CKD, including iden-
ification of kidney damage, decreased GFR and
idney failure as stages within AKI, and anteced-
nts and outcomes other than kidney disease.36

ailure to recover within 3 months would consti-
ute CKD. Although nomenclature for kidney
isease that evolves during an interval longer
han 48 hours and less than 3 months is not
ormally established, the term “acute kidney dis-
ase” would be reasonable.

Recovery from CKD was not formally in-
luded in the conceptual framework of CKD.
here are many examples of improving GFR and

emission of markers of kidney damage in pa-
ients with CKD, such as recovery from kidney
ailure caused by scleroderma or malignant hyper-
ension and remission of nephrotic syndrome in

ctors for Outcomes of CKD

Importance of Different CKD Measures

Type of Kidney Disease (diagnosis)* Proteinuria

� �

� ��
�� �
��� ���

? ?

ltration rate.

nd cystic diseases.
, fatigue.
isk Fa

ge

rular fi

titial, a
atients with minimal change disease, idiopathic
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Conceptual Model of CKD S13
embranous nephropathy, or lupus nephritis.
owever, until recently, later stages of most

ypes of kidney disease had been considered
inexorably progressive.”37 Remissions of albu-
inuria are well documented in patients with

iabetic kidney disease with glucose control or
nhibition of the renin-angiotensin system and, in 1
ecent study, in patients with nondiabetic kidney
isease in association with weight loss.38 Thus, we
ave highlighted the possibility for remission in the
onceptual model shown in Fig 1.

sAlbuminuria aManifestationof KidneyDisease
r Systemic Endothelial Dysfunction?

Albuminuria indicates increased glomerular
ermeability to macromolecules, with the magni-
ude of albuminuria generally correlating with
he degree of glomerular damage.39 The kidney
s a highly vascular organ; therefore, it is likely
hat endothelial dysfunction in the kidney is a
idney disease, even if part of a systemic pro-
ess. The distinction between the early stage of a
idney disease versus generalized endothelial
ysfunction is difficult because not all individu-
ls with earlier stages of CKD progress to later
tages.

The terms microalbuminuria and macroalbu-
inuria are sometimes used to designate an urine

lbumin excretion rate between 30 and 300 mg/d
ersus greater than 300 mg/d, respectively (ap-
roximately equivalent to a spot urine albumin-
reatinine ratio of 30 to 300 and �300 mg/g,
espectively). Microalbuminuria is widely ac-
epted as an early sign of kidney disease in
atients with diabetes. Recent data show that
icroalbuminuria is associated with a similar

elative risk for progression to macroalbumin-
ria in both diabetic and nondiabetic individu-
ls,40 suggesting that microalbuminuria reflects a
idney disease; however, not all individuals with
KD have microalbuminuria. In the National Health
nd Nutrition Examination Survey (NHANES),
nly approximately 65% of diabetic and 30% of
ondiabetic individuals with decreased GFR had
urine albumin-creatinine ratio greater than 30
g/g.41,42

Lower levels of albuminuria, even less than
hose consistent with microalbuminuria, are asso-
iated with the subsequent development of cardio-
ascular disease in diabetic and nondiabetic pa-
ients.43 Possibly, lower levels of albuminuria
eflect an even earlier stage of kidney damage.
ower levels of albuminuria are associated with

he subsequent development of microalbumin-
ria,44 but whether lower levels of albuminuria
re associated with increased risk of the subse-
uent development of decreased GFR has not
een well studied.

s anAge-RelatedDecrease inGFRNormal or
bnormal, andShouldWeChange theDefinition
f CKD in the Elderly?

GFR decreases with age (Fig 3),45 and the
revalence of decreased GFR is greatest in the

Figure 3. Glomerular filtra-
tion rate (GFR) in aging. Nor-
mal values for inulin clearance
are shown for (A) men and (B)
women of various ages, with
GFR measured as urinary
clearance of inulin. A GFR of
60 mL/min/1.73 m2 is the
threshold for the definition of
chronic kidney disease; solid
lines, mean GFR per decade
of age; dashed lines, the value
1 SD from the mean value of
GFR per decade of age. Con-
version factors for units: GFR
in mL/min/1.73 m2 to mL/s/
1.73 m2, �0.01667. Reprinted
with permission from Wes-
son.45
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Levey, Stevens, and CoreshS14
lderly, reaching more than 35% by age 70
ears.30 The age-related decrease in GFR is asso-
iated with decreased renal blood flow; impaired
aximal urine concentration; pathological find-

ngs of global glomerular sclerosis, vascular scle-
osis, and tubular atrophy; and reductions in
ortical thickness and overall kidney size.46,47

ll these changes are considered abnormal when
bserved in younger individuals. The magnitude
nd cause of the age-related decrease in GFR is
n important area of research; however, there is
lready substantial evidence for health risks of
ecreased GFR in the elderly.48 The elderly are
he fastest growing segment of the population
nitiating dialysis therapy for kidney failure.13

any studies show an association between de-
reased eGFR and greater rates of cardiovascular
isease and mortality and higher cost.31,32,49

owever, in some studies, increased risk of mor-
ality in the elderly is not apparent until eGFR is
ess than approximately 45 mL/min/1.73 m2.34,50

owever, adverse effects of medication and com-
lications of procedures are more common in the
lderly,51,52 in part because of decreased GFR.
ecreased GFR likely is not the only determi-
ant of risk in the elderly (Table 5). Studies that
nclude the combination of albuminuria and eGFR
ogether are a first step toward this goal.53,54 The
agnitude, cause, and consequences of the age-

elated decrease in GFR are important areas of
esearch; it should not be defined as normal just
ecause it is common.

CONCLUSION

The conceptual model of CKD developed by
he KDOQI and subsequently revised and adopted
y KDIGO is applicable to a public health ap-
roach to preventing the development, progres-
ion, and complications of CKD. The model has
timulated debate about important topics that can
e resolved only through further research. In the
eantime, a combination of immediate action,

ata gathering, and research to establish the
fficacy, effectiveness, and costs related to CKD
re needed to respond to CKD as a public health
roblem.
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