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The Kidney Disease Outcome Quality Initiative of the National Kidney Foundation published clinical practice guidelines on chronic kidney disease in February 2002. Of the 15 guidelines, the first six are of greatest relevance to family
physicians. Part II of this two-part review covers guidelines 4, 5, and 6. Glomerular filtration rate is the best overall
indicator of kidney function. It is superior to the serum creatinine level, which varies with age, sex, and race and often
does not reflect kidney function accurately. The glomerular filtration rate can be estimated using prediction equations
that take into account the serum creatinine level and some or all of specific variables (age, sex, race, body size). In
many patients, estimates of the glomerular filtration rate can replace 24-hour urine collections for creatinine clearance
measurements. Urine dipsticks generally are acceptable for detecting proteinuria. To quantify proteinuria, the ratio
of protein or albumin to creatinine in an untimed (spot) urine sample is an accurate alternative to measurement of
protein excretion in a 24-hour urine collection. Patients with persistent proteinuria have chronic kidney disease. Other
techniques for evaluating patients with chronic kidney disease include examination of urinary sediment, urine dipstick
testing for red and white blood cells, and imaging studies of the kidneys (especially ultrasonography). These techniques
also can help determine the underlying cause of 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 2004:70:1091-7. Copyright© 2004 American Academy of Family Physicians.)
This is part II of a twopart article on chronic
kidney disease. Part I,
“Definition, Disease
Stages, Evaluation,
Treatment, and Risk
Factors,” appeared in the
previous issue (Am Fam
Physician 2004;70:869-76)
See page 1011 for
definitions of strength-ofrecommendation labels.
This article exemplifies the AAFP Annual
Clinical Focus on caring
for America’s aging
population.

I

n February 2002, the Kidney Disease
Outcome Quality Initiative (K/DOQI) of
the National Kidney Foundation (NKF)
published clinical practice guidelines for
chronic kidney disease1,2 that were based on a
systematic literature review. 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 the review, with each rationale
statement graded according to the supporting level of evidence (Table 1).1 The evidence
grading system differs from the system used in
American Family Physician (AFP): only AFP’s
evidence level C (consensus/expert opinion)
compares with the NKF grade O (opinion).
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Part I3 of this two-part article reviewed the
guidelines on definition and stages of chronic
kidney disease, evaluation and treatment,
and risk factor identification. Chronic kidney
disease is defined by kidney damage (often
manifested by proteinuria) or a decreased
glomerular filtration rate (GFR) for three or
more months. The degree of decrease in the
GFR provides the basis for straightforward
classification of chronic kidney disease by
stages (see Table 3 in part 13). Treatment
should focus on slowing disease progression
and preventing complications, especially the
development of cardiovascular disease. To
identify chronic kidney disease and intervene
early in its course, physicians should test
for proteinuria and estimate GFR in at-risk
American Family Physician 1091

Downloaded from the American Family Physician Web site at www.aafp.org/afp. Copyright© 2004 American Academy of Family Physicians. For the private, noncommercial
use of one individual user of the Web site. All other rights reserved. Contact copyrights@aafp.org for copyright questions and/or permission requests.

patients. Part II summarizes guidelines for
using tests to evaluate patients with suspected
or known chronic kidney disease.
Guideline 4: Estimation of GFR
The GFR is the best overall indicator of the
level of kidney function. (NKF grades S,
C, and R).1 The GFR should be estimated
using a prediction equation that takes into
account the serum creatinine
level and some or all of these
In most cases, measurement
variables: age, sex, race, and
of creatinine clearance using
body size. The Modification of
a timed (e.g., 24-hour) urine
Diet in Renal Disease (MDRD)
collection for assessment
study equation and the Cockof the glomerular filtration
croft-Gault equation provide
rate is not more reliable
useful estimates of the GFR in
than estimation using a preadult patients (Table 2).4-6 The
diction equation.
NKF guideline1,2 notes that the
serum creatinine concentration
alone is not optimal for assessing the level of
kidney function.
In addition to reporting the serum creatinine measurement, clinical laboratories
should report the estimated GFR as determined by a prediction equation. The NKF
guidelines1,2 also recommend that autoanalyzer manufacturers and clinical laboratories
calibrate serum creatinine assays using an
international standard.
In most cases, measurement of creatinine
clearance using a timed (e.g., 24-hour)
urine collection for assessment of the GFR
is not more reliable than estimation using a
prediction equation.1,2 However, a 24-hour
urine sample provides information that is
useful for estimating GFR in patients with
exceptional dietary intake (vegetarian diet,
creatine supplementation) or muscle mass
(amputation, malnutrition, muscle wasting), assessing diet and nutritional status,
and determining the need to start dialysis.
In clinical practice, GFR usually is estimated from the creatinine clearance or the
serum creatinine concentration. Measurement
of creatinine clearance requires the collection
of a timed urine sample, which is inconvenient
for the patient as well as frequently inaccurate.
The serum creatinine concentration is affected
by factors other than the GFR, including creatinine secretion, generation, and extrarenal
1092 American Family Physician
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TABLE 1

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

C
R
O

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

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.

excretion.7,8 Thus, there is a relatively wide
range for serum creatinine levels in normal
persons, and the GFR must decline to about
one half of the normal level before the serum
creatinine concentration rises above the upper
limit of normal. This situation regarding a
declining GFR with “normal” creatinine is
especially important in elderly patients, in
whom the age-related decline in GFR is not
reflected by an increase in the serum creatinine level because of a concomitant age-related
decline in creatinine production.
Table 31 shows the range of serum creatinine values corresponding with an estimated GFR of 60 mL per minute per 1.73
m2, depending on age, sex, and race. Note
that the NKF definition of chronic kidney
disease includes a GFR level below 60 mL
per minute per 1.73 m2 for three months
or more (see Table 2 in part I3). The data
in Table 3 demonstrate that minor elevations of the serum creatinine concentration
may represent a substantial reduction in the
GFR. Thus, with use of only the serum creatinine as the measure of kidney function,
it is difficult to estimate the level of kidney
function and detect earlier stages of chronic
kidney disease.
The estimate of GFR from the serum creVolume 70, Number 6 � September 15, 2004
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atinine concentration can be improved by
using a prediction equation that also takes into
account the patient’s age, sex, race, and body
size (e.g., the equations shown in Table 24-6).
In patients with a GFR below about 90 mL per
minute per 1.73 m2, the abbreviated MDRD
study equation appears to be more accurate
and precise than the Cockcroft-Gault equation, but is more complicated to compute.
GFR calculators for use of the abbreviated
MDRD study equation and the CockcroftGault equation are available on the NKF Web
site (http://www.kidney.org/kls/professionals/gfr_calculator.cfm). These equations can
be programmed or imported into laboratory
systems, personal computers, and hand-held
calculators. As part of the implementation
of the NKF guidelines1,2 and in cooperation
with the National Institutes of Health (NIH),
efforts are underway to have clinical laboratories report GFR in conjunction with the
serum creatinine measurement.
Guideline 4 provides useful information
for family physicians. Evidence is convincing
that 24-hour urine collections for creatinine
are not superior to prediction equations that
are based on the serum creatinine level and
other patient characteristics. Thus, it is pos-

TABLE 2

Equations for Predicting GFR in Adults
Based on Serum Creatinine Concentration*
Abbreviated MDRD study equation:
GFR (mL per minute per 1.73 m2) = 186  (SCr)�1.154  (Age)�0.203
 (0.742 if female)  (1.210 if black)
Cockcroft-Gault equation:
CCr (mL per minute) =

(140 � age)  weight
72  SCr

 (0.85, if female)

GFR = glomerular filtration rate; MDRD = Modification of Diet in Renal Disease; SCr = serum
creatinine concentration; CCr = creatinine clearance.
*—For each equation, SCr is in milligrams per deciliter, age is in years, and weight is in
kilograms.
Information from references 4, 5, and 6.

sible to perform a straightforward serum
collection, rather than subject a patient to the
inconvenience of a 24-hour urine collection
that then must be returned to the laboratory.
Furthermore, a urine collection performed
over 24 hours may be incomplete, even if
the volume appears to be reasonable, leading
to incorrect values for calculated creatinine
clearance and possibly to inappropriate deci-

TABLE 3

Serum Creatinine Levels Corresponding with an Estimated GFR of 60 mL per minute per 1.73 m2
Using Two Prediction Equations*
Abbreviated MDRD study equation†: serum creatinine level, mg per dL (µmol per L)
Whites

Blacks

Cockcroft-Gault equation†: serum
creatinine level, mg per dL (µmol per L)

Age (years) Men

Women

Men

Women

Men

Women

30
40
50
60
70
80

1.13 (100)
1.08 (95)
1.03 (91)
1.00 (88)
0.97 (86)
0.95 (84)

1.73 (153)
1.65 (146)
1.58 (140)
1.53 (135)
1.49 (132)
1.46 (129)

1.34 (118)
1.27 (112)
1.22 (108)
1.18 (104)
1.15 (102)
1.12 (99)

1.83 (162)
1.67 (148)
1.50 (133)
1.33 (118)
1.17 (103)
1.00 (88)

1.56 (138)
1.42 (126)
1.28 (113)
1.13 (100)
0.99 (88)
0.85 (75)

1.47 (130)
1.39 (123)
1.34 (118)
1.30 (115)
1.26 (111)
1.23 (109)

GFR = glomerular filtration rate; MDRD = Modification of Diet in Renal Disease.
*—The calculations in this table assume a patient weight of 72 kg (158 lb, 6 oz) and body surface area of 1.73 m2.
†—The abbreviated MDRD study equation and the Cockcroft-Gault equation are shown in Table 2.
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):S86.
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sions about patient care. On the other hand,
if the volume of urine collected over 24 hours
obviously is smaller than reasonable, the
laboratory value will be dismissed, resulting
in wasted time and effort.
It is unlikely that the GFR will become
the standard measure used by physicians
until clinical laboratories begin
reporting estimated GFR valThe glomerular filtration
ues. If GFR values are to be
rate must decline to about
computed and reported, the
one half of the normal level
laboratory request will require
before the serum creatinine
patient information that not
concentration rises above
always is reported (e.g., weight,
the upper limit of normal.
race); however, if these additional data become an expected
part of the laboratory request, physicians will
not have to calculate GFRs. Patients can be
given their GFR “number” more dependably,
and the GFR value will become a permanent
part of the laboratory record.
Cooperation with the local clinical laboratory is important in another way. Differences among clinical laboratories in the
calibration of serum creatinine assays can
result in an error rate as high as 20 percent
in GFR estimates. Consideration of differences in the calibration of creatinine assays
is especially important in patients with
nearly normal serum creatinine concentrations. Estimation of GFR using a prediction
equation should take into account differences in creatinine calibration between the
local laboratory and the laboratory where
the prediction equation was developed. The
National Kidney Disease Education Program, operating under the NIH, is working
with clinical laboratories and autoanalyzer
manufacturers to calibrate serum creatinine
assays using an international standard and
to build GFR reporting into the systems.
The practical implication of having the
GFR readily available goes beyond the
issue of classification of chronic disease: it
allows adjustment of drug doses to the level
of kidney function.
Guideline 5: Assessment of Proteinuria
Urine normally contains small amounts
of protein. However, a persistent increase
in protein excretion usually is a sign of
1094 American Family Physician
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kidney damage. The type of protein, such
as low-molecular-weight globulins or
albumin, depends on the type of kidney
disease. Increased excretion of low-molecular-weight globulins is a sensitive marker
of some types of tubulointerstitial disease.
Increased excretion of albumin is a sensitive
marker of chronic kidney disease resulting
from diabetes mellitus, glomerular disease,
or hypertension.
In the NKF guidelines,1,2 the term “proteinuria” refers to increased urinary excretion of albumin, other specific proteins,
or total protein. The term “albuminuria”
refers exclusively to the increased urinary
excretion of albumin. The term “microalbuminuria” refers to albumin excretion
that is above the normal range but below
the level of detection by tests for total protein excretion in urine.
Evaluation of proteinuria or microalbuminuria generally does not require a timed
(overnight or 24-hour) urine collection (NKF
grades R and C).1 In most circumstances,
untimed (spot) urine samples should be used
to detect and monitor proteinuria (NKF
grades R and C).1 First-morning urine specimens are preferred; if these specimens are not
available, use of random urine specimens is
acceptable (NKF grades R and O).1
In most patients, urine dipstick tests are
acceptable for detecting proteinuria (NKF
grades R and O).1 Standard urine dipsticks
may be used to detect increased total urine
protein excretion, and albumin-specific dipsticks may be used to detect albuminuria.
If a urine dipstick test is positive (1+ or
greater), proteinuria should be confirmed by
a quantitative measurement (protein-to-creatinine ratio or albumin-to-creatinine ratio)
within three months. If two or more quantitative tests performed one to two weeks
apart are positive, persistent proteinuria
should be diagnosed, and the patient should
undergo further evaluation for chronic kidney disease (see guideline 2 in part I3).
In adults with chronic kidney disease,
proteinuria should be monitored with the
albumin-to-creatinine ratio (NKF grade
O).1 Use of the total protein-to-creatinine
ratio is acceptable if the albumin-to-creVolume 70, Number 6 � September 15, 2004
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Evaluation of Proteinuria
Patient not known to have kidney disease

Not at risk
for kidney disease

At risk
for kidney disease

Standard urine
dipstick test

Albumin-specific
dipstick text

≥ 1+

Negative or
trace amount
of protein

Negative

Albumin-tocreatinine ratio

Total proteinto-creatinine ratio

>200 mg
to 1g

Positive

Recheck at periodic
health evaluation.

≤ 200 mg
to 1g

≤ 30 mg
to 1g

> 30 mg
to 1g

Diagnostic
evaluation

Treatment

Consultation

Figure 1. Evaluation of proteinuria in a patient not known to have kidney disease.
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):S216.

atinine ratio is high (500 to 1,000 mg of
albumin to 1 g of creatinine).
Just as a 24-hour urine collection for
creatinine has been the gold standard for
determining creatinine clearance, a 24-hour
urine collection for protein has been the
gold standard for quantitative evaluation of
proteinuria. An alternative method is measurement of the ratio of protein or albumin
to creatinine in an untimed urine specimen.
These ratios correct for variations in urinary protein concentration related to hydration and are more convenient than timed
urine collections. Evidence indicates that
the ratio of protein or albumin to creatinine
in a spot urine sample provides an accurate
estimate of the excretion rate.1,2 In most
patients, spot urine samples should be used
to detect and monitor proteinuria. It usually is unnecessary to obtain a timed urine
September 15, 2004 � Volume 70, Number 6

collection (overnight or 24-hour) for these
evaluations.
Albumin measurements may be more
costly and technically difficult than total
protein measurements. Therefore, the total
protein-to-creatinine ratio is an acceptable
alternative if the albumin-to-creatinine
ratio is high.
The proposed algorithm for the evaluation
of proteinuria distinguishes between patients
who are at increased risk for
kidney disease and asymptomThe serum creatinine conatic, healthy patients who are
centration
alone is not
not at increased risk (Figure 1).1
optimal for assessing the
In at-risk adults, the evaluation
level of kidney function.
begins with testing of a random spot urine sample with
an albumin-specific dipstick. Alternatively,
testing can begin with a spot urine test for
the albumin-to-creatinine ratio. A positive
www.aafp.org/afp

American Family Physician 1095

test should be repeated using a quantitative
measurement. Only patients with persistent
proteinuria are diagnosed with chronic kidney disease.
This guideline is useful to family physicians because it eliminates the need for
patients to provide a 24-hour urine sample for quantification of proteinuria. The
suggestion to measure albumin excretion,
rather than total protein excretion, is a
departure from current clinical practice.
Note, however, that albumin assays may not
be available at all clinical laboratories.
Guideline 6: Other Markers
of Chronic Kidney Disease
In addition to proteinuria, markers of damage to the kidneys include abnormalities in
the urinary sediment and abnormal findings
on imaging studies. Some types of chronic
kidney disease are defined by constellations
of markers. For other types of chronic kidney
disease, new markers are needed to identify
kidney damage that occurs before a reduction in the GFR.
Examination of urinary sediment or dipstick testing for red and white blood cells
should be performed in patients with chronic
kidney disease and in patients who are at risk
for the disease. Imaging studies of the kidneys
also should be obtained in these patients.
Several new urinary markers, including
tubular and low-molecular-weight proteins
and specific mononuclear cells, show promise. At present, however, they should not
be used for clinical decision-making (NKF
grade C).1,2
As discussed in guideline 5, abnormal urinary albumin or total protein excretion is a
highly sensitive marker of glomerular diseases,
including diabetic kidney disease. Urinary
sediment examination, kidney imaging studies, and specific clinical presentations also can
suggest the type of chronic kidney disease.
A urinary sediment examination, especially when performed in conjunction with
an assessment for proteinuria, is useful in
detecting chronic kidney disease and identifying its type. Urine dipsticks include reagent
pads that are sensitive for detecting red blood
cells (hemoglobin), white blood cells (leu1096 American Family Physician
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kocyte esterase), and bacteria (nitrites). The
dipsticks cannot detect tubular epithelial
cells, fat, or casts, crystals, fungi, or parasites.
The decision to perform a urinary sediment
examination or urine dipstick test depends
on the type of kidney disease that is being
considered.
Abnormal imaging studies can suggest
the cause of chronic kidney disease, such
as arterial disease or a urologic condition.
Imaging studies are recommended in all
patients with chronic kidney disease, and in
patients who are at risk for chronic kidney
disease because of renal artery stenosis, serious systemic and complicated urinary tract
infections, urinary tract stones or obstruction, vesicoureteral reflux, or polycystic kidney disease. Ultrasonography is particularly
useful for detecting several of these conditions, and it does not involve exposure to
radiation or contrast media.
The detailed text of the NKF K/DOQI
guidelines1,2 describes guideline 6 as a
“review.” Only the material on new markers
underwent evidence-based review before the
guideline was developed. The recommendations for evaluation of at-risk patients may
be problematic for family physicians. At this
time, it is not clear which at-risk patients
might be evaluated, and the risk-benefit ratio
and cost of evaluation also are uncertain.
Guidelines 7 Through 15
The remainder of the NKF guidelines fall
into two categories: association of the GFR
level with the complications of chronic kidney disease in adults and stratification of risk
for the progression of kidney disease and the
development of cardiovascular disease. After
chronic kidney disease has been diagnosed,
several of these guidelines can be useful in
outpatient follow-up and treatment.
Final Comment
Guidelines 1 through 6 of the NKF K/DOQI
guidelines1,2 help family physicians appreciate the magnitude of the problem of chronic
kidney disease. The new definition and staging system facilitate better identification and
classification of kidney damage and chronic
kidney disease, and also help guide evaluaVolume 70, Number 6 � September 15, 2004
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Strength of Recommendation
Key clinical recommendations
GFR should be estimated using prediction equations that take into
account the serum creatinine concentration and some or all of these
variables: age, sex, race, and body size.
In most circumstances, untimed (spot) urine samples, rather than
24-hour urine collections, should be used to detect and monitor
proteinuria.
If a urine dipstick test is positive (1+ or greater), proteinuria should be
confirmed by a quantitative measurement (protein-to-creatinine ratio
or albumin-to-creatinine ratio) within three months.

Label
C

References
1,2

C

1,2

C

1,2

GFR = glomerular filtration rate.

tion and treatment. Patients can be evaluated more effectively and efficiently using
the serum creatinine concentration and prediction equations to estimate GFR, and protein or albumin-specific dipsticks and total
protein-to-creatinine or albumin-to-creatinine ratios conducted on spot urine samples
to determine the level of proteinuria. With
these approaches, a 24-hour urine collection
is not required.
On the other hand, concerns remain about
areas of the guidelines1,2 that could have a
significant impact on clinical practice but
are not evidence based. These areas include
the testing of patients at risk for chronic
kidney (guideline 3), as well as the use of
urinary sediment examination and kidney
imaging in selected at-risk patients (guideline 6). Research is needed to demonstrate
the utility of testing patients who are at
increased risk for chronic kidney disease.
In future guidelines, the NKF K/DOQI
will use a system for grading both the level
of evidence and the strength of recommendation. Although this new system is specific
to the needs of the NKF K/DOQI, it mirrors
the systems currently used by AFP and the
U.S. Preventive Services Task Force.
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