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In February 2002, the Kidney Disease Outcome Quality Initiative of the National Kidney Foundation published clinical
practice guidelines on chronic kidney disease. The first six of the 15 guidelines are of the greatest relevance to family
physicians. Part I of this two-part article reviews guidelines 1, 2, and 3. Chronic kidney disease is defined by the presence of a marker of kidney damage, such as proteinuria (ratio of greater than 30 mg of albumin to 1 g of creatinine on
untimed [spot] urine testing), or a decreased glomerular filtration rate for three or more months. Disease staging is based
on the glomerular filtration rate. Evaluation should be directed at
determining the type and severity of chronic kidney disease. Treatment
goals include preventing disease progression and complications. The
guidelines place special emphasis on the prevention and treatment of
cardiovascular disease in patients with chronic kidney disease. Risk factors for chronic kidney disease include diabetes mellitus, hypertension,
family history of chronic kidney disease, age older than 60 years, and
U.S. racial or ethnic minority status. The guidelines recommend testing
for proteinuria and estimating the glomerular filtration rate in patients
at risk for chronic kidney disease. Family physicians should weigh the
value of the National Kidney Foundation guidelines for their clinical
practice based on the strength of evidence and perceived cost-effectiveness until additional evidence becomes available on the usefulness of
the recommended quality indicators. (Am Fam Physician 2004;70:86976. Copyright© 2004 American Academy of Family Physicians.)
�

See editorial on page
823.
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This is part I of a twopart article on chronic
kidney disease. Part II,
“Glomerular Filtration Rate,
Proteinuria, and Other
Markers,” will appear in
the next issue of AFP.
See page 801 for
definitions of strength-ofrecommendation labels.
This article exemplifies the AAFP Annual
Clinical Focus on caring for
America’s aging population.

C

hronic kidney disease is a major
public health problem throughout
the world. In the United States,
kidney failure is becoming increasingly common and is associated with poor
health outcomes and high medical expenditures. In this country, the number of patients
treated with dialysis or transplantation is
projected to increase from 340,000 in 1999 to
651,000 in 2010.1
The major outcomes of chronic kidney
disease, regardless of the specific diagnosis
(i.e., type of kidney disease), include progression to kidney failure, complications

from decreased kidney function, and development of cardiovascular disease. Increasing evidence shows that early detection and
treatment often can prevent or delay some of
these adverse outcomes.2 However, opportunities for prevention may be lost because
chronic kidney disease is not diagnosed or
is treated insufficiently.3-6 One reason is lack
of agreement about the definition of chronic
kidney disease, as well as the classification of
its stages. Another reason is lack of uniform
application of simple tests for the detection
and evaluation of the disease.
In February 2002, the Kidney Disease
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Outcome Quality Initiative (K/
DOQI) of the National Kidney
Foundation (NKF)7,8 published
clinical practice guidelines on
chronic kidney disease. The
goals of the Work Group that
developed the guidelines were
as follows: to define chronic
kidney disease and classify its stages, regardless of the underlying cause; to evaluate
laboratory measurements for clinical assessment of kidney disease; to associate the level
of kidney function with the complications

Early detection and treatment often can prevent
or delay some adverse
outcomes of chronic kidney disease.
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of chronic kidney disease; and to stratify
risk for the loss of kidney function and the
development of cardiovascular disease.
The leaders of the NKF recognized the role
of family physicians in providing medical
care for patients with chronic kidney disease
(particularly during the early stages when
interventions might slow disease progression) and therefore wanted the guidelines to
be practical and accessible to primary care
physicians. To these ends, a family physician was invited to be an active participant
in the guidelines Work Group and a member of the K/DOQI Advisory Board, which
oversees all guidelines developed under its
auspices. At present, there are only about
5,000 nephrologists in the United States.
With the projected increase in the number
of patients diagnosed with chronic kidney
disease (especially as defined by the NKF
guidelines7,8), a strong partnership with
family physicians and general internists will
be necessary.
The first purpose of this article is to
disseminate the simple definition and the
five-stage classification system of chronic
kidney disease that were developed through
an evidence-based process and justified with
existing literature. The second purpose is
to describe the six guidelines with the most
immediate relevance to family physicians.
Guidelines on evaluation, treatment, and
risk factors are reviewed in part I of this
two-part article. Part II9 reviews guidelines
on estimation of glomerular filtration rate,
assessment of proteinuria, and use of markers of chronic kidney disease other than
proteinuria.
Background
The NKF Work Group defined two principal outcomes of chronic kidney disease:
progressive loss of kidney function and
development of complications, particularly
cardiovascular disease.
Progressive loss of kidney function over
time in most patients with chronic kidney
disease is a well-known outcome. Because
of the older age at onset for many forms of
kidney disease and the slow rate of decline in
kidney function, decreased kidney function
Volume 70, Number 5 � September 1, 2004
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is far more common than kidney failure, for
which replacement therapy (dialysis or transplantation) becomes necessary.
Decreased kidney function is associated
with complications in virtually all organ
systems. Therapeutic interventions in the
earlier stages may prevent or ameliorate
some of these complications, as well as slow
progression to kidney failure. Cardiovascular disease is considered an outcome of
chronic kidney disease for several reasons.
First, cardiovascular events are more common than kidney failure in patients with
chronic kidney disease. In addition, chronic
kidney disease appears to be a risk factor for
cardiovascular disease.
Cardiovascular disease in patients with
chronic kidney disease is treatable, as well
as potentially preventable. A 1998 report
from the NKF Task Force on Cardiovascular
Disease10 recommended that patients with
chronic kidney disease be considered in the
“highest risk” group for subsequent cardiovascular events, and that most interventions
that are effective in the general population
should be applied to patients with chronic
kidney disease.11,12
The NKF guidelines7,8 are based on a systematic literature review using an approach
adapted from the one used by the Agency
for Healthcare Research and Quality. A uniform format for summarizing strength of
evidence was developed based on an evaluation of study size, applicability, results,
and methodologic quality. Guideline statements were prepared from the analysis of
this review. Each rationale statement was
graded according to the supporting level of
evidence (Table 1).7 Note that the evidence
grading system differs from the system used
in American Family Physician: only AFP’s
evidence level C (consensus/expert opinion)
compares with the NKF grade O (opinion).
In preparing the guidelines, 18,153 abstracts
were screened, 1,045 articles were reviewed,
and results were extracted from 367 articles.
Many rationale statements are based on a
structured review of evidence specifically
for the guidelines (NKF grade S or C)7; however, most guidelines are based in part on
unstructured review or opinion.
September 1, 2004 � Volume 70, Number 5

TABLE 1

Grading of Rationale Statements in the NKF Clinical Practice
Guidelines for Chronic Kidney Disease
Grade

Level of evidence

S

Analysis of individual patient data from a single, large, generalizable
study of high methodologic quality (e.g., NHANES III)
Compilation of original articles (using evidence tables)
Review of reviews and selected original articles
Opinion

C
R
O

NKF = National Kidney Foundation; NHANES III = Third National Health and Nutrition
Examination Survey.
Adapted with permission from National Kidney Foundation. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, and stratification. Am J Kidney Dis
2002;39(2 suppl 1):S231.

Guideline 1: Definition and Stages
of Chronic Kidney Disease
Early detection and treatment often can prevent or delay adverse outcomes in patients
with chronic kidney disease. Routine laboratory tests can detect the disease in its earlier
stages (NKF grades R and O).7
A definition of chronic kidney disease
is provided in Table 2.7 The presence of
the disease should be established based on
the occurrence of kidney damage and the
level of kidney function (i.e., glomerular
filtration rate [GFR]), regardless of the
specific diagnosis. Disease stage should
be assigned based on the level of kidney

TABLE 2

NKF Definition of Chronic Kidney Disease
Kidney damage for three or more months, as defined by structural or
functional abnormalities of the kidney, with or without decreased GFR,
manifested by pathologic abnormalities or markers of kidney damage,
including abnormalities in the composition of the blood or urine or
abnormalities in imaging tests
GFR < 60 mL per minute per 1.73 m2 for three months or more, with or
without kidney damage
NKF = National Kidney Foundation; GFR = glomerular filtration rate.
Adapted with permission from National Kidney Foundation. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, and stratification. Am J Kidney Dis
2002;39(2 suppl 1):S18.
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function, also regardless of the specific
diagnosis.7
Kidney damage usually is ascertained by
the presence or absence of certain markers, rather than by kidney biopsy. The NKF
guidelines7,8 emphasize persistent proteinuria as a marker of kidney damage, because
proteinuria has been studied
most thoroughly13 and is idenThe stage of chronic kidney
tified readily using a simple
disease should be assigned
office procedure. A ratio of
based on the level of kidgreater than 30 mg of albuney function, regardless of
min to 1 g of creatinine in an
the specific diagnosis.
untimed (spot) urine sample
usually is considered abnormal.
Other markers of kidney damage include abnormalities in urine sediment,
blood, and urine chemistries, and abnormal findings on imaging studies. Patients
who have normal kidney function but have
markers of kidney damage are at increased
risk for adverse outcomes of chronic kidney
disease.
The GFR is considered the best measure
of overall kidney function.14 Normal GFR
varies according to patient age, sex, and
body size. In young adults, the normal GFR
is approximately 120 to 130 mL per minute
per 1.73 m2 and declines with age.14-17 A
GFR level below 60 mL per minute per 1.73
m2 represents loss of one half or more of
the adult level of normal kidney function.
Traditionally, an age-related decline in GFR
has been considered “normal.” However, a
decreased GFR in an elderly patient requires
adjustment of drug dosages18 and appears to
be an independent predictor of adverse outcomes such as mortality and cardiovascular
disease.19-21
The definition of chronic kidney disease is not modified based on patient age.
The situation is analogous to the situation
with blood pressure levels and the definition and prevalence of hypertension. Blood
pressure rises with age, but hypertension in
elderly persons is associated with adverse
outcomes; however, the definition of hypertension is not age dependent, and the majority of elderly persons are classified as having
hypertension.22 Similarly, because of the
age-related decline in GFR, the prevalence
872 American Family Physician
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of chronic kidney disease increases with age;
approximately 17 percent of persons older
than 60 years have an estimated GFR of less
than 60 mL per minute per 1.73 m2.6
Kidney failure is defined as a GFR below
15 mL per minute per 1.73 m2, usually
accompanied by signs and symptoms of uremia, or as the need for initiation of kidney
replacement therapy for management of the
complications of a decreased GFR. In the
United States, approximately 98 percent of
patients begin dialysis when their GFR falls
below 15 mL per minute per 1.73 m2.23
Kidney failure is not synonymous with
end-stage renal disease (ESRD). In the
United States, “end-stage renal disease” is
an administrative term based on the conditions for health care payment by the Medicare ESRD Program for patients treated with
dialysis or transplantation. However, the
term does not include patients with kidney
failure who are not treated with dialysis or
transplantation. Thus, although the term
“end-stage renal disease” is in widespread
use and provides a simple operational classification of patients according to treatment,
it does not precisely define a stage of severity
in kidney disease.
As demonstrated in Table 3,6,7,24-26 more
than 20 million adults in the United States
have chronic kidney disease, and millions
more are at risk of developing the disease.
Patients who have diabetes mellitus and
hypertension are at highest risk. As the
number of patients with diabetes and hypertension continues to increase, the number
of patients with chronic kidney disease also
will increase. Consequently, clear definition
and classification of the stages of disease
severity are needed to assess patients for the
development and progression of chronic
kidney disease.
The NKF classification of the stages of
chronic kidney disease supports communication between physicians. The classification system helps clear up the ambiguities
caused by vague terms such as “chronic renal
insufficiency” and “chronic renal failure.”
Using the NKF system, family physicians
can ask nephrologist consultants more precise questions and can expect more precise
Volume 70, Number 5 � September 1, 2004
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answers. For example, at what stage does
the nephrologist want to see a potential
kidney transplant recipient? What interventions should be used at each stage to give a
patient the best chance of preserving kidney
function?
Staging of chronic kidney disease also
allows physicians to talk more clearly with
patients. For example, use of the word “kidney” rather than “renal” facilitates communication. In addition, patients are becoming
accustomed to dealing with numbers (cholesterol levels, blood pressure measurements,
blood sugar levels). Knowing their GFR and
the type of personal interventions that may
slow the decline in GFR allows patients to
take greater control of their disease.

Guideline 2: Evaluation and
Treatment of Chronic Kidney Disease
Patients with chronic kidney disease should be
evaluated to determine the following: specific
diagnosis (type of kidney disease), comorbid conditions, disease severity (assessed by
the level of kidney function), complications
(related to the level of kidney function), risk
for loss of kidney function, and risk for development of cardiovascular disease (NKF grades
R and O).7
Treatment of patients with chronic kidney disease includes the following: therapy
based on the specific diagnosis, evaluation,
and management of comorbid conditions;
measures to slow loss of kidney function;
measures to prevent and treat cardiovascu-

TABLE 3

NKF Classification of Chronic Kidney Disease*
GFR (mL per minute
per 1.73 m2)

U.S. prevalence, number
of affected patients (%)‡

> 60 (with risk factors
for chronic kidney
disease)
≥ 90

||

Screening, reduction of risk factors for
chronic kidney disease

5.9 million (3.3)

60 to 89

5.3 million (3.0)

3

Kidney damage with mildly
decreased GFR
Moderately decreased GFR

Diagnosis and treatment, treatment of
comorbid conditions, interventions to
slow disease progression, reduction of
risk factors for cardiovascular disease
Estimation of disease progression

30 to 59

7.6 million (4.3)

4

Severely decreased GFR

15 to 29

400,000 (0.2)

5

Kidney failure

< 15 (or dialysis)

300,000 (0.1)

Stage

Description†

—

At increased risk for chronic
kidney disease

1

Kidney damage with normal
or elevated GFR

2

Action plan§

Evaluation and treatment of disease
complications
Preparation for kidney replacement therapy
(dialysis, transplantation)
Kidney replacement therapy if uremia is
present

NKF = National Kidney Foundation; GFR = glomerular filtration rate.
*—Chronic kidney disease is defined as either kidney damage or a GFR below 60 mL per minute per 1.73 m2 for three months or more. Kidney damage is
defined as pathologic abnormalities or markers of damage, including abnormalities in blood or urine tests or imaging studies.
†—For stages 1 and 2, kidney damage was estimated by a ratio of greater than 17 mg of albumin to 1 g of creatinine in men or greater than 25 mg of albumin
to 1 g of creatinine in women on two untimed (spot) urine tests.
‡—Prevalence for stage 5, from the United States Renal Data Survey (1998),24 includes approximately 230,000 patients treated with dialysis and assumes
70,000 other patients who were not on dialysis. Prevalences for stages 1 through 4 are based on data obtained from the Third National Health and Nutrition
Examination Survey (1988–1994) 6: population of 177 million adults 20 years of age and older. GFR was estimated from serum creatinine using an equation
based on age, sex, race, and calibration for the serum creatinine level.25,26
§—Includes actions from preceding stages.
||—Prevalence of persons at increased risk for chronic kidney disease has not been estimated accurately.
Adapted with permission from National Kidney Foundation. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, and stratification. Am J Kidney Dis 2002;39(2 suppl 1):S19.

September 1, 2004 � Volume 70, Number 5

www.aafp.org/afp

American Family Physician 873

lar disease; measures to prevent and treat
complications of decreased kidney function;
preparation for kidney failure and kidney
replacement therapy; and replacement of kidney function by dialysis or transplantation if
signs and symptoms of uremia are present.
Medications should be reviewed at all visits. Dosage adjustments should be based on
the level of kidney function. It is important to detect drug interactions, as well as
potentially adverse effects of medications on
kidney function or complications of chronic
kidney disease. If possible, therapeutic drug
monitoring should be performed.
A clinical action plan should be developed
for each patient, with the plan based on the
disease stage (Table 3).6,7,24-26 Self-management behaviors should be incorporated into
the treatment plan at all stages of the disease.
TABLE 4

Risk Factors for Chronic Kidney Disease and Its Outcomes
Type

Definition

Susceptibility Factors that increase
factors
susceptibility to
kidney damage

Initiation
factors

Factors that directly
initiate kidney
damage

Progression
factors

Factors that cause
worsening kidney
damage and faster
decline in kidney
function after kidney
damage has started

End-stage
factors

Factors that increase
morbidity and
mortality in kidney
failure

Examples
Older age, family history of
chronic kidney disease, reduction
in kidney mass, low birth
weight, U.S. racial or ethnic
minority status, low income or
educational level
Diabetes mellitus, high blood
pressure, autoimmune diseases,
systemic infections, urinary
tract infections, urinary stones,
obstruction of lower urinary
tract, drug toxicity
Higher level of proteinuria, higher
blood pressure level, poor
glycemic control in diabetes,
smoking

Lower dialysis dose (Kt/V),*
temporary vascular access,
anemia, low serum albumin
level, late referral for dialysis

*—In Kt/V (accepted nomenclature for dialysis dose), “K” represents urea clearance,
“t” represents time, and “V” represents volume of distribution for urea.
Adapted with permission from National Kidney Foundation. K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classification, and stratification. Am J
Kidney Dis 2002;39(2 suppl 1):S73.
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Patients with chronic kidney disease
should be referred to a nephrologist for consultation and co-management if a clinical
action plan cannot be prepared, the appropriate evaluation cannot be performed,
or the recommended treatment cannot be
implemented. In most cases, patients with
a GFR below 30 mL per minute per 1.73 m 2
should be referred to a nephrologist (NKF
grade O).7
Diagnosis of chronic kidney disease traditionally is based on pathology and etiology. A
simplified classification emphasizes diseases in
the native kidneys (broadly divided into those
that are diabetic or nondiabetic in origin) and
kidney disease in the transplant patient. In
the United States, diabetic kidney disease is
the most common cause of kidney failure; its
earliest manifestation is microalbuminuria
with a normal or elevated GFR. Of note, the
NKF guidelines7 classify patients who have
diabetes and microalbuminuria with a normal GFR as having stage 1 chronic kidney
disease. Nondiabetic kidney disease includes
glomerular, vascular, tubulointerstitial, and
cystic kidney diseases.
Specific treatment depends on the diagnosis, and a thorough search for “reversible
causes” of kidney disease should be conducted. The remainder of the action plan is
based on the stage of chronic kidney disease,
irrespective of the diagnosis (Table 3).6,7,24-26
Guideline 3: Risk Factors
for Chronic Kidney Disease
The risk of developing chronic kidney disease
is increased in some patients without kidney
damage and with a normal or elevated GFR
(NKF grade R).7 During the routine health
care visit, all patients should be assessed for
increased risk based on clinical and sociodemographic factors (Table 4).7
Patients determined to be at increased
risk for kidney disease should undergo
testing for markers of kidney damage and
an estimation of their GFR. Patients found
to have chronic kidney disease should be
evaluated and treated as specified in NKF
guideline 2. Patients at increased risk who
are found not to have chronic kidney disease should be advised to follow a program
Volume 70, Number 5 � September 1, 2004
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Strength of Recommendations
Key clinical recommendations

Label

References

The definition of chronic kidney disease is kidney damage or a GFR
below 60 mL per minute per 1.73 m2 for three months or more.
A clinical action plan should be developed for each patient, based on
the stage of disease as defined by the classification system developed
by the National Kidney Foundation’s Kidney Disease Outcome Quality
Initiative.
In general, patients with a GFR below 30 mL per minute per 1.73 m2
should be referred to a nephrologist.
A ratio of greater than 30 mg of albumin to 1 g of creatinine on
untimed (spot) urine testing is abnormal and merits further evaluation.

C

7,8

C

7,8

C

7,8

C

7,8

GFR = glomerular filtration rate.

of risk factor reduction (if appropriate) and
should be reevaluated periodically.
During the routine health care visit,
patients should be asked specifically about
clinical and sociodemographic factors that
have been implicated as susceptibility or
initiation factors for chronic kidney disease.
If any of these factors are present, patients
should be assessed for albuminuria, and
GFR should be estimated. The prevalence of
persons at increased risk for chronic kidney
disease has not been determined. However,
the number of these persons is likely to far
exceed the number of patients with the disease. Particular emphasis should be given to
patients with diabetes mellitus, hypertension, family history of chronic kidney disease, age older than 60 years, and U.S. racial
or ethnic minority status.
Guideline 3 is problematic for family physicians who have the task of identifying patients
at risk for kidney disease. In preparing the
NKF guideline, the Work Group evaluated
evidence for the definition, classification,
and prevalence of risk factors (NKF grade
R).7 However, the issue of universal testing
for kidney disease or testing of patients at
increased risk for kidney disease has not been
studied systematically. In the United States,
testing currently is not recommended, except
in patients with hypertension, diabetes, or
known kidney disease.27
Based on personal opinion and experiSeptember 1, 2004 � Volume 70, Number 5

ence, the Work Group members recommend
testing of patients who are at increased risk
for kidney disease. In fact, a focus of the
public awareness campaign stemming from
the NKF guidelines is to encourage patients
who think they may be at increased risk to
tell their physician, and for the physician
to test at-risk patients for albuminuria and
GFR. Nonetheless, more research is needed
to clearly identify the risks and benefits
(both clinical and economic) of testing large
segments of the U.S. population.
The authors indicate that they do not have any conflicts of
interest. Sources of funding: AstraZeneca Pharmaceuticals
LP is the primary sponsor of the NKF K/DOQI guidelines,
Merck & Co., Inc. is the implementation sponsor, and
Amgen Inc. is the founding and principal sponsor of
K/DOQI.
The authors acknowledge the contributions of other
members of the NKF K/DOQI Work Group and Evidence
Review Team, the K/DOQI Support Group and Advisory
Board, and the National Kidney Foundation.
REFERENCES
1. Excerpts from the United States Renal Data System‘s
2000 annual data report: atlas of end-stage renal
disease in the United States. Am J Kidney Dis 2000;36
(6 suppl 2):S1-S279.
2. Remuzzi G, Ruggenenti P, Perico N. Chronic renal
diseases: renoprotective benefits of renin-angiotensin
system inhibition. Ann Intern Med 2002;136:604-15.
3. McClellan WM, Knight DF, Karp H, Brown WW. Early
detection and treatment of renal disease in hospitalized
diabetic and hypertensive patients: important differences between practice and published guidelines. Am J
Kidney Dis 1997,29:368-75.

www.aafp.org/afp

American Family Physician 875

Chronic Kidney Disease

4. Obrador GT, Ruthazer R, Arora P, Kausz AT, Pereira BJ.
Prevalence of and factors associated with suboptimal
care before initiation of dialysis in the United States. J
Am Soc Nephrol 1999,10:1793-800.
5. Coresh J, Wei GL, McQuillan G, Brancati FL, Levey AS,
Jones C, et al. Prevalence of high blood pressure and
elevated serum creatinine level in the United States:
findings from the third National Health and Nutrition
Examination Survey (1988-1994). Arch Intern Med
2001;161:1207-16.
6. Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS.
Prevalence of chronic kidney disease and decreased kidney function in the adult US population: Third National
Health and Nutrition Examination Survey. Am J Kidney
Dis 2003;41:1-12.
7. National Kidney Foundation. K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classification, and stratification. Am J Kidney Dis 2002;39(2
suppl 1):S1-266.
8. National Kidney Foundation. K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classification, and stratification. Accessed online May 19,
2004, at: http://www.kidney.org/professionals/kdoqi/
guidelines_ckd/toc.htm.
9. Johnson CA, Levey AS, Coresh J, Levin A, Lau J, Eknoyan
G. Clinical practice guidelines for chronic kidney disease
in adults: Part II. Glomerular filtration rate, proteinuria,
and other markers. Am Fam Physician. In Press.
10. Levey AS, Beto JA, Coronado BE, Eknoyan G, Foley
RN, Kasiske RL, et al. Controlling the epidemic of
cardiovascular disease in chronic renal disease: What
do we know? What do we need to learn? Where do
we go from here? National Kidney Foundation Task
Force on Cardiovascular Disease. Am J Kidney Dis
1998;32:853-906.
11. 27th Bethesda Conference. Matching the Intensity of
Risk Factor Management with the Hazard for Coronary
Disease Events. September 14-15, 1995. J Am Coll Cardiol 1996;27:957-1047.
12. Sarnak MJ, Levey AS. Cardiovascular disease and
chronic renal disease: a new paradigm. Am J Kidney Dis
2000;35(4 suppl 1):S117-31.
13. Keane WF, Eknoyan G. Proteinuria, albuminuria, risk,
assessment, detection, elimination (PARADE): a position paper of the National Kidney Foundation. Am J
Kidney Dis 1999;33:1004-10.
14. Smith HW. The kidney: structure and function in
health and disease. New York: Oxford University Press,
1951:520-74.
15. Davies DF, Shock NW. Age changes in glomerular filtration rate, effective renal plasma flow and tubular excre-

876 American Family Physician

www.aafp.org/afp

tory capacity in adult males. J Clin Invest 1950;29:496507.
16. Lindeman RD, Tobin J, Shock NW. Longitudinal studies
on the rate of decline in renal function with age. J Am
Geriatr Soc 1985;33:278-85.
17. Rowe JW, Andres R, Tobin JD, Norris AH, Shock NW. The
effect of age on creatinine clearance in men: a cross-sectional and longitudinal study. J Gerontol 1976;31:155-63.
18. Aronoff GR. Drug prescribing in renal failure: dosing
guidelines for adults. 4th ed. Philadelphia: American
College of Physicians, 1999.
19. Fried LP, Kronmal RA, Newman AB, Bild DE, Mittelmark
MB, Polak JF, et al. Risk factors for 5-year mortality in
older adults: the Cardiovascular Health Study. JAMA
1998;279:585-92.
20. Shlipak MG, Fried LF, Crump C, Bleyer AJ, Manolio
TA, Tracy RP, et al. Cardiovascular disease risk status
in elderly persons with renal insufficiency. Kidney Int
2002;62:997-1004.
21. Manjunath G, Tighioaurt H, Coresh J, Macleod B, Salem
DN, Griffith JL, et al. Level of kidney function as a risk
factor for cardiovascular outcomes in the elderly. Kidney Int 2003;63:1121-9.
22. The sixth report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure [published correction appears
in Arch Intern Med 1998;158:573]. Arch Intern Med
1997;157:2413-46.
23. Obrador GT, Arora P, Kausz AT, Ruthazer R, Pereira BJ,
Levey AS. Level of renal function at the initiation of
dialysis in the U.S. end-stage renal disease population.
Kidney Int 1999;56:2227-35.
24. United States Renal Data System 1998 annual report.
Bethesda, Md.: National Institutes of health, National
Institute of Diabetes and Digestive and Kidney Diseases,
1990.
25. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth
D. A more accurate method to estimate glomerular
filtration rate from serum creatinine: a new prediction
equation. Modification of Diet in Renal Disease Study
Group. Ann Intern Med 1999;130:461-70.
26. Levey AS, Greene T, Kusek JW, Beck GJ. A simplified equation to predict glomerular filtration rate
from serum creatinine [Abstract]. J Am Soc Nephrol
2000;11:A0828.
27. U.S. Preventive Services Task Force. Guide to clinical
preventive services: report of the U.S. Preventive Services Task Force. 2d ed. Washington, D.C.: U.S. Dept.
of Health and Human Services, Office of Public Health
and Science, Office of Disease Prevention and Health
Promotion, 1996.

Volume 70, Number 5 � September 1, 2004

