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● Renal function measurements were obtained in 1,703 African Americans with presumed hypertensive nephroscle-
rosis who were screened for entry into the African-American Study of Hypertension and Kidney Disease (AASK). We
examined the effect of race on relationships involving renal variables by comparing African Americans enrolled into
the AASK with non–African Americans enrolled into the Modification of Diet in Renal Disease (MDRD) study. We
examined the effect of gender on renal variables by comparing African American men and women. We compared
various methods for estimating glomerular filtration rate (GFR) with iodine 125–labeled ( 125I)-iothalamate GFR.
AASK data were also used to derive a new formula for estimating GFR in African Americans. After adjusting for age,
sex, and baseline GFR, African American patients on the AASK study were heavier and had larger body surface
areas and body mass indices than either MDRD African Americans or non–African Americans. African Americans
had greater serum creatinine levels and urinary creatinine excretions for any given level of GFR. Mean GFR was
greater in African American men than African American women (59.7 versus 51.7 mL/min/1.73 m 2), although serum
creatinine levels were also greater in men (1.91 versus 1.73 mg/dL). Seventy-eight percent of women with serum
creatinine levels between 1.2 and 1.5 mg/dL had GFRs less than 65 mL/min/1.73 m 2. For African Americans in the
AASK, GFR was overestimated by the 24-hour creatinine clearance and underestimated by the Cockcroft-Gault
formula. A prediction formula developed in the MDRD study more accurately predicted GFR in AASK patients than
these measurements. AASK data were also used to derive a new five-term formula for estimating GFR that was
slightly more accurate in the African Americans in the AASK than the MDRD formula (median percentage of error,
12.4% for the MDRD formula versus 12.1% for the AASK formula). Important differences exist in renal variables
between African Americans and non–African Americans and between African American men and African American
women. Formulas using demographic data and readily measured serum values estimate 125I-iothalamate GFR.
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ACCURATE ESTIMATION of renal function
is important not only to identify patients

with early renal impairment, but also to follow
the course of established renal disease. Although
glomerular filtration rate (GFR) is considered the
gold standard of renal function measurements,
methods available to directly estimate GFR such
as iodine 125–labeled (125I)-iothalamate and inu-
lin clearances are time consuming and expen-
sive, require the injection of isotopes, and are
technically difficult to perform. Consequently,
these methods do not lend themselves to screen-
ing large populations of patients at risk for early
renal dysfunction. In clinical practice, serum
creatinine level, 24-hour creatinine clearance, or
a variety of formulas have been used to estimate
GFR. Measurement of creatinine clearance re-
quires the collection of urine over a 24-hour
period, which is inconvenient for patients and
often leads to inaccurate collections.

To avoid these problems, a number of formu-
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las have been developed that estimate GFR; the
Cockcroft-Gault2 formula to predict creatinine
clearance is the most commonly used. More
recently, the Modification of Diet in Renal Dis-
ease (MDRD) study data from 1,628 patients
screened for participation was used to develop a
formula for estimating GFR measured by125I-
iothalamate renal clearance.3 Demographic and
clinical variables included plasma creatinine level,
age, sex, race, and serum albumin and serum urea
nitrogen levels. This formula proved to be more
accurate than 24-hour urine creatinine clearance or
Cockcroft-Gault–estimated clearance for predict-
ing GFR measured by125I-iothalamate clearance.

However, this analysis was limited by the
small number of African Americans (12.1%)
screened and the low average GFR of screened
patients, with few patients in a high-GFR range.
To date, no study has compared multiple meth-
ods of measuring renal function in an adequate
sample of African Americans over a broad range
of GFRs. Thus, potentially important differences
in renal function estimation between African
Americans and non–African Americans have not
been evaluated.

The African-American Study of Kidney Dis-
ease and Hypertension (AASK) is a multicenter
clinical trial designed to evaluate the effects of
three major classes of antihypertensive agents
and two levels of blood pressure control on the
rate of decline in GFR.3 African Americans are
approximately 12% of the US population, but
represent 33% of the US end-stage renal disease
(ESRD) population.4 Hypertension is the most
common cause of ESRD among African Ameri-
cans in the US Medicare ESRD program,4 and
AfricanAmericans with hypertension are at much
greater risk for the development of ESRD than
non–African Americans with hypertension.5-10

Thus, it is critically important to identify African
American patients with early renal impairment to
target them for aggressive intervention.

Developing an accurate formula to estimate
GFR in these patients would facilitate this goal.
It would also assist in monitoring renal function
subsequent to interventional therapies. In pa-
tients screened for the AASK, we had the op-
portunity to compare serum creatinine level,
creatinine clearance, 100/serum creatinine, Cock-
croft-Gault–estimated creatinine clearance, and
the formula developed from the MDRD study

with the renal clearance of125I-iothalamate in
African Americans screened for the AASK trial.
These results were compared with those in non–
AfricanAmericans screened for the MDRD study.
Using AASK data, we also developed an equa-
tion for estimating GFR. This report describes
the results of these renal function measurements
that enabled us to characterize renal function
parameters in a large group of African Ameri-
cans.

MATERIALS AND METHODS

AASK Baseline Cohort and
Measurement Methods

The overall study design and methods of recruitment for
the AASK have been described previously.11 The study
protocol was approved by the institutional review board at
each center, and all patients gave written informed consent.

A total of 2,801 patients entered the baseline period, and
1,703 of these patients underwent measurement of GFR, by
125I-iothalamate clearance, and the other variables described
and constitute the study group for these analyses. Patients
who proceeded to GFR measurement were allAfricanAmeri-
can men and women without diabetes between the ages of 18
and 70 years, with diastolic blood pressure of 95 mm Hg or
greater, urinary protein-creatinine ratio less than 2.5, and no
clinically apparent reason for renal insufficiency other than
hypertensive nephrosclerosis. The initial baseline GFR used
to screen for eligibility in the AASK trial was used in this
report. In a pilot study conducted before the full-scale trial
using similar entry criteria, 97% of patients (38 of 39
patients) randomized had a diagnosis of hypertensive nephro-
sclerosis on renal biopsy.12

GFR was measured as the renal clearance of125I-
iothalamate.13-15 Four adequate collection periods were ob-
tained for 93% of GFRs; three collection periods were
obtained for the remaining 7%. Total urine volume for the
collection exceeded 500 mL for 1,702 of the 1,703 patients.
The median GFR coefficient of variation over the collection
periods was 10.7%. Creatinine clearance was computed
from creatinine excretion in a 24-hour urine collection and a
single measurement of serum creatinine level.15 Urea clear-
ance was obtained similarly from 24-hour urea excretion and
a single measurement of serum urea nitrogen level. Serum
and urine creatinine were measured using a kinetic alkaline
picrate assay (Jaffe method). GFR, creatinine, and urea
clearances, and estimates of GFR based on all prediction
equations were expressed per 1.73 m2 of standardized body
surface area (BSA). Serum and urine specimens were also
used for other measurements, including serum albumin
(bromcresol-green method) and serum and urea nitrogen
(urease method). All measurements were performed in the
same laboratory.

Statistics
Patient characteristics and renal function parameters were

compared between patient subgroups within the AASK
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cohort and between AASK and MDRD patients using two-
samplet-tests or chi-square tests of the equality of propor-
tions, as appropriate. Analysis of covariance was used to
compare biochemistry measurements and other parameters
between AASK patients and MDRD African Americans and
non–African Americans after controlling for age, sex, and
GFR.

We compared the performance of five existing equations
and three newly developed equations for predicting GFR in
AASK enrollees. The five existing equations were: (1)
100/serum creatinine, (2) Cockcroft-Gault formula, (3) cre-
atinine clearance, (4) the average of creatinine clearance and
urea clearance, and (5) a formula based on serum creatinine
level, gender, age, race, serum urea nitrogen level, and
serum albumin level recently developed from the enrollees
of the MDRD study.3 Each of the three new equations was
developed by applying regression analyses to data from the
AASK enrollees. For the first of these equations, we investi-
gated the possibility that the performance of the Cockcroft-
Gault formula could be improved in African Americans by
modifying the coefficients defining the Cockcroft-Gault equa-
tion. This was done by using nonlinear least-squares re-
gression to obtain coefficients A, B, and C, based on the
following model:

(A 2 age)3 weight/(B3 Scr)3 [C for women]

where Scr is serum creatinine level, which optimally pre-
dicted measured GFR.

Because exploratory data analyses suggested that GFR
might be better predicted by a simple multiplicative function
of serum creatinine level, sex, and age, we also developed a
prediction equation by regressing log-transformed GFR on
these three variables. The third new equation was obtained
by regressing log-transformed GFR on the same five factors
used in the MDRD prediction equation to determine whether
different coefficients would lead to improved prediction of
GFR in AASK patients. The second and third regression
models based on log GFR were then exponentiated to
reexpress the results in the original GFR units. Finally, we
also applied stepwise regression analysis to a candidate set
of 15 potential predictor variables to determine whether
GFR could be more accurately predicted in AASK patients
using a different set of predictor variables than used in the
existing models. The 15 candidate variables were weight,
height, serum creatinine level, age, serum urea nitrogen
level, albumin level, phosphorus level, calcium level, sys-
tolic blood pressure, diastolic blood pressure, bicarbonate
level, potassium level, uric acid level, total cholesterol level,
and serum sodium level.

We evaluated the agreement of each prediction equation
considered with measured GFR by computingR2 on the log
scale (percentage of variability in log GFR explained by the
prediction equation) and the 50th, 75th, and 90th percentiles
of the percentage of absolute deviations between measured
and predicted GFRs. The 50th percentiles indicate the typi-
cal size of errors in predicted GFR, and 75th and 90th
percentiles indicate the magnitudes of larger errors. In addi-
tion, mean and median differences between predicted and
actual GFRs were used to assess the bias of each method.
Because the three AASK equations were developed using

AASK data, we assessed their accuracy based on analyses in
which measured GFR for each individual patient was com-
pared with predicted GFRs that resulted from models in
which that patient was omitted.

RESULTS

Demographic and Clinical Characteristics

The mean age of patients screened on the
AASK was 53.9 years, 35.5% were women,
average BSA was 2.02 m2, and average mean
arterial pressure (MAP) was 114.2 mm Hg at
baseline (Table 1). Average systolic and diastolic
blood pressures were 149.9 and 96.0 mm Hg at
baseline, respectively. Similar data are listed in
Table 1 for those patients randomized in the
AASK. Mean serum blood urea nitrogen, serum

Table 1. Demographic and Clinical Characteristics

Parameter

All AASK
Screenees
(N 5 1,703)

AASK
Randomized

Patients
(N 5 1,094)

Age 53.9 6 10.5 54.5 6 10.7
Gender (% women) 35.5% 38.8%
MAP (mm Hg) 114.2 6 15.0 114.0 6 16.0
BSA (m2)

Overall 2.02 6 0.25 2.01 6 0.25
Women 1.88 6 0.22 1.87 6 0.22
Men 2.10 6 0.22* 2.10 6 0.22*

Serum creatinine (mg/dL)
Overall 1.85 6 0.88 2.02 6 0.72
Women 1.73 6 0.91 1.77 6 0.56
Men 1.91 6 0.86* 2.18 6 0.76*
.55 y 1.71 6 0.75 1.86 6 0.64
,55 y 1.99 6 0.98† 2.20 6 0.76†

GFR (mL/min/1.73 m2)
Overall 56.9 6 23.4 45.7 6 13.0
Women 51.7 6 23.6 43.6 6 12.6
Men 59.7 6 22.8* 46.9 6 13.1*
.55 y 56.7 6 21.7 46.8 6 13.0
,55 y 57.0 6 25.0 44.4 6 13.0†

Cockcroft-Gault (mL/min/
1.73 m2)

Overall 54.2 6 20.0 45.9 6 14.3
Women 52.8 6 20.9 46.4 6 14.7
Men 55.0 6 19.5 45.6 614.1
.55y 50.4 6 16.2 43.9 6 12.9
,55 y 58.0 6 22.6† 48.1 6 15.5†

Creatinine clearance
(mL/min/1.73 m2)

62.2 6 29.8 51.5 6 22.1

Urine creatinine (g/24 h) 1.68 6 0.67 1.61 6 0.64

NOTE. All numbers are mean 6 SD or percentage.
*Men significantly different from women, P , 0.01.
†Younger patients significantly different from older pa-

tients, P , 0.01.
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albumin, and cholesterol levels were 22.0, 4.2,
and 211 mg/dL, respectively. Mean 24–hour uri-
nary creatinine excreted was 1.25 g for women
and 1.92 g for men (P , 0.001). Median and
mean levels of 24-hour urinary protein excretion
were 0.07 and 0.50 g, respectively. Median and
mean values for urinary protein-creatinine ratio
were 0.05 and 0.32 g of protein/g of creatinine,
respectively. For all screened patients, mean se-
rum creatinine level was 1.85 mg/dL (range, 0.7
to 7.9 mg/dL); GFR, 56.9 mL/min/1.73 m2; and
clearance estimated by Cockcroft-Gault equa-
tion, 54.2 mL/min/1.73 m2 (Table 2). The median
absolute percentage of difference between the
first two GFRs (measured weeks apart) was
9.3%. African Americans aged older than 55
years had lower serum creatinine levels for any
given level of GFR than African Americans aged
younger than 55 years (Table 1). African Ameri-
can women had lower mean serum creatinine
measurements and a lower mean GFR than Afri-
can American men (Fig 1).

Comparison of Renal Function Variables in
African Americans in the AASK and African
Americans and Non–African Americans
in the MDRD Study

The MDRD study randomized patients be-
tween the ages of 18 and 70 years (mean, 50.6

years) with GFRs between 13 and 55 mL/min/
1.73 m2 and with renal disease of diverse causes,
excluding type 1 diabetes. Renal diagnoses among
the MDRD screenees were made primarily on
clinical grounds and included diabetic nephropa-
thy (3.4%), polycystic kidney disease (22.4%),
glomerular disease (26.6%), tubular interstitial
nephritis (7.4%), hypertensive nephrosclerosis
(16.7%), and unknown renal diagnosis (23.5%).
One hundred ninety-seven MDRD screenees were
AfricanAmerican (Table 2). The remaining 1,431
non–African American screenees included 1,304
whites, 87 Hispanics, 17 Asian-Americans, and
23 others. All patients screened for the AASK
had a clinical diagnosis of hypertension and no
other known cause of renal disease other than
hypertensive nephrosclerosis. Patients entering
the AASK baseline were older and a lower per-
centage were women compared with the MDRD
non–AfricanAmerican patients (Table 2).3AASK
patients also had higher GFRs than those enter-
ing the MDRD study, estimated by iothalamate
clearance. AASK participants had greater serum
albumin levels and MAPs at baseline than MDRD
non–African American patients. After adjusting
for age, sex, and baseline GFR, African Ameri-
can patients in the AASK were heavier, with
larger BSAs and body mass indices (BMIs) than
either MDRD African Americans or non–Afri-

Table 2. Comparison of Selected Clinical and Demographic Factors Between AASK and MDRD Patients

Parameter
AASK Screenees

(n 5 1,703)
MDRD Black Screenees

(n 5 197)

MDRD Nonblack
Screenees
(n 5 1,431)

Age* (y) 53.9 48.9† 50.8
Gender (% women)* 35.5 42.6 39.2†
GFR (mL/min/1.73 m2)* 56.9 43.6† 39.2†

MAP (mm Hg)‡ 114.5 103.9† 98.4†
BSA (m2)‡ 2.02 1.96† 1.91†
BMI (kg/m2)‡ 30.7 28.7† 27.0†
Weight (kg)‡ 90.2 84.1† 79.3†
Serum creatinine (mg/dL)‡ 2.15 2.21 1.90†
Creatinine clearance (mL/min/1.73 m2)‡ 54.1 54.7 57.4†
Cockcroft-Gault (mL/min/1.73 m2)‡ 48.5 47.4 52.0†
Urine creatinine (g/h)‡ 1.64 1.59 1.44†
Serum urea nitrogen (mg/dL)‡ 25.7 27.8† 28.5†
Serum albumin (g/dL)‡ 4.21 4.02† 4.07†
Urine protein/creatinine (g protein/g creatinine)‡ 0.45 0.67† 0.64†

*Means or percentages in top 3 rows not adjusted for other factors.
†Significantly different from AASK patients (P , 0.01).
‡Means of all but the first 3 rows are statistically adjusted for age, sex, and GFR by analysis of covariance.
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canAmericans.3AfricanAmericans on theAASK
had greater serum creatinine levels and urinary
creatinine excretion for any given level of GFR
than MDRD non–African Americans. Median
absolute percentages of error for GFR versus
creatinine clearance were 12% for MDRD non–
African Americans and 23.8% for AASK enroll-
ees. Similarly, the median absolute errors for
GFR versus the mean of creatinine clearance and
urea clearance were 11.8% for MDRD non–
African Americans and 22.6% for AASK enroll-
ees. AASK participants had lower serum urea
nitrogen levels than MDRD patients. Patients
enrolled onto the MDRD study who were not
African American but had hypertensive nephro-
sclerosis did not statistically significantly differ
from AASK patients in urinary protein excre-
tions or serum albumin levels. Patients enrolled
into the AASK had a poorer correlation of GFR
(iothalamate) with creatinine clearance and with
the average of creatinine and urea clearance than
those in the MDRD study.

Relationship Among Renal Measurements
and Prediction of GFR in the AASK
and MDRD Study

The relationship between serum creatinine
level and125I-iothalamate GFR on the AASK can
be seen in Figs 2 and 3. A single value for serum
creatinine can represent a broad range of125I-
iothalamate–measured GFRs. For example, in
women with a serum creatinine level of 2.0
mg/dL, the 10th and 90th percentiles for GFR
range from 28 to 44 mL/min/1.73 m2, and at a
serum creatinine value of 1.5, the 10th and 90th

percentiles are 39 and 61 mL/min/1.73 m2, respec-
tively. African American women had lower se-
rum creatinine measurements for any given level
of GFR than African American men. For ex-
ample, 78% of women with serum creatinine
levels between 1.2 and 1.5 mg/dL had GFRs less
than 65 mL/min/1.73 m2 (Fig 2). Conversely,
only 27% of men with serum creatinine levels
between 1.2 and 1.5 mg/dL had GFRs less than
65 mL/min/1.73 m2 (Fig 3). The relationship
between measured125I-iothalamate GFR and cre-
atinine clearance measured by 24-hour urine
collection in the African Americans on this study
is shown in Fig 4. The 24-hour creatinine clear-
ance often exceeds the measured GFR, presum-
ably because of tubular secretion of creatinine.
The discrepancy between measured GFR and
creatinine clearance can be extreme, with an
iothalamate GFR of 80 mL/min corresponding to
creatinine clearances of approximately 15 to 160
mL/min. The relationship of GFR to the recipro-
cal of serum creatinine and creatinine clearance
predicted by the Cockcroft-Gault equation is
shown in Table 3. The Cockcroft-Gault equation
was calculated as follows:

[(140 2 age)3 weight (kilograms)/

(72 3 Scr)]( 3 0.85 for women)

The modified Cockcroft-Gault formula for Af-
rican Americans generated using AASK data
was:

[(311 2 age)3 weight (kilograms)/

(1993 Scr)] 3 (0.76 for women)

Fig 1. Levels of GFR and
serum creatinine in men and
women AASK screenees.
Shown are box plots indicat-
ing the 10th, 25th, 50th, 75th,
and 90th percentiles of GFR
and serum creatinine level.
Both GFRs and serum creat-
inine levels are significantly
greater in men than women.
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This modified Cockcroft-Gault formula per-
formed better than the original Cockcroft-Gault
formula (Table 3), although not as well as the
formula developed from the screening data in the
MDRD study. The formula derived from the
MDRD data for predicting GFR was:

1703 (Scr)20.9993 (age)20.176

3 (0.762 for women)3 (1.180 for blacks)

3 (SUN)20.1703 (alb)1.318

where SUN is serum urea nitrogen level.
The optimal model using these same terms

(except for black race), but with values of coeffi-
cients derived using AASK data, is as follows:

2223 (Scr)20.9743 (age)20.267

3 (0.757 for women)3 (SUN)20.108

3 (albumin)10.372

The units for this equation are Scr (milligrams
per deciliter), age (years), weight (kilograms),
SUN (milligrams per deciliter), and albumin
(milligrams per deciliter). The coefficients of the
AASK model differed significantly from the co-
efficients in the MDRD prediction equation (P ,
0.001; Table 3), and the AASK equation was
slightly more accurate than the MDRD equation
in predicting125I-iothalamate measured GFRs of
patients enrolled onto the AASK (R2 5 0.821;

Fig 2. Association of
measured GFR with serum
creatinine level in male
AASK screenees. Bound-
aries of shaded regions indi-
cate the 10th, 25th, 50th,
75th, and 90th percentiles of
GFR as a function of serum
creatinine.

Fig 3. Association of mea-
sured GFR with serum creat-
inine in female AASK
screenees. Boundaries of
shaded regions indicate the
10th, 25th, 50th, 75th, and
90th percentiles of GFR as a
function of serum creatinine.
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median absolute percentage of error5 12.1% for
the AASK equation versusR2 5 0.819; median
absolute percentage of error5 12.4% for the
MDRD equation) (Fig 5, Table 3).

Although all five terms included in the AASK
prediction equation were statistically significant
(P , 0.001 for each term), most of the variance
in log GFR that was explained by the full equa-
tion was accounted for by serum creatinine level,
age, and sex. The regression model based on
these three terms is:

3293 (Scr)21.0963 (age)20.294

3 (0.736 for women)

As shown in the bottom row of Table 3, the
agreement of this simpler model with GFR was
substantially better than the original or modified
Cockcroft-Gault formulas or creatinine clear-
ance and nearly as good as the more complex
equations derived in the MDRD study and the
AASK. In particular, the ratio of percentage of
variance of log GFR accounted for by the three-
and five-variable models derived in the AASK
was 0.989.

Our assessment of the accuracy of the differ-
ent prediction formulas is based on the measure-
ment methods used for the various variables in

this study (eg, kinetic alkaline picrate assay for
serum creatinine). If alternate methods are used,
the relative accuracy of the formulas may differ
from that shown here.

As described in Methods, we used stepwise
regression analysis to investigate whether a model
with different predictor variables could more
accurately predict GFR than the models consid-
ered previously. Results indicated that the best
fitting models with three variables (serum creati-
nine level, sex, and age) or five variables (serum
creatinine level, sex, age, serum urea nitrogen
level, and serum albumin level) included the
same variables as the three- and five-variable
prediction models shown previously. Inclusion
of additional predictor variables did not substan-
tially increase the proportion of variance in log
GFR accounted for by the model. As seen in
Table 3, the AASK equations were superior to
the Cockcroft-Gault equation in multiple key
subgroups.

DISCUSSION

This is the first report to compare techniques
to estimate renal function in a large cohort of
AfricanAmericans with hypertensive nephroscle-
rosis.

In comparing the non–AfricanAmerican popu-

Fig 5. Agreement of five-variable AASK equation
with measured GFR in AASK screenees. The median
bias of the AASK equation as an estimate of GFR is
–0.33 mL/min/1.73 m 2. The median absolute error is
6.19 mL/min/1.73 m 2.

Fig 4. Agreement of creatinine clearance with mea-
sured GFR in AASK screenees. The median bias of
creatinine clearance as an estimate of GFR is 15.27
mL/min/1.73 m 2. The median absolute error is 11.7
mL/min/1.73 m 2.
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lation studied in the MDRD study with the Afri-
can American population studied in the AASK
trial, after controlling for differences in age, sex,
and GFR, important differences in renal function
measurements were observed. The Third Na-
tional Health and Nutrition Examination Study
(NHANES III) conducted from 1988 to 1994
found that in a representative sample of 18,723
US citizens, African Americans had greater se-
rum creatinine levels than their non–African
American counterparts.16 These differences were
hypothesized to be the result of physiological
differences and/or the greater prevalence of renal
disease in African Americans. African American
screenees in the AASK had greater serum creati-
nine levels and urinary creatinine excretions for
any given level of GFR than MDRD non–
African Americans. This would suggest that at
least some of the differences noted between
African Americans and non–African Americans
in serum creatinine values in the NHANES III
study may be related to physiological differences
in muscle mass, creatinine production, or renal
tubular secretion of creatinine and may not re-
flect abnormalities in renal function. As reported
in non–AfricanAmerican women,AfricanAmeri-
can women screenees on the AASK study had
lower mean GFRs for any given level of serum
creatinine than African American men.17 There-
fore, the patients screened in the AASK provide
important insight into two demographic groups
that have often been underrepresented in previ-

ous clinical nephrology trials: African Ameri-
cans and women.

Of the 1,703 patients enrolled into this trial,
35.5% were women, making this the largest
number of African American women in whom
renal function has been carefully assessed. It is
presumed that lower serum creatinine to GFR
ratios in women compared with men reflect the
greater daily production and excretion of creati-
nine in men associated with greater muscle mass
per body weight or BSA. For both men and
women, the lower serum creatinine to GFR ratio
observed with increasing age also likely reflects
decreasing muscle mass with age. However, it is
very important clinically to note that African
American women and the elderly will have lower
GFRs representing worse renal function com-
pared with men and the young with the same
creatinine levels. Ten percent of African Ameri-
can women in the AASK trial with a serum
creatinine level of 1.5 mg/dL, a level considered
normal, will have a GFR less than 39 mL/min/
1.73 m2, representing moderate renal insuffi-
ciency. Even African American women with a
serum creatinine level less than 1.0 mg/dL may
have renal insufficiency.

The AASK trial documented that serum creat-
inine level was an imprecise measure of renal
function in the African American screenees in
this study. Twenty-four–hour creatinine clear-
ance was also a poor measure of renal function
and consistently overestimated GFR, presum-

Table 3. Agreement of Alternative Methods With Measured GFR in AASK Screenees

Method
Pearson

R
Pearson

R 2

Mean D
(mL/min/1.73 m2)

Median D
(mL/min/1.73 m2)

Median
uDu

Median
u%Du

75th Percentile
u%Du

90th Percentile
u%Du

Cockkroft-Gault 0.848 0.720 22.67 21.91 8.34 16.4 27.2 39.6
Modified Cockkroft-Gault 0.873 0.762 20.36 0.38 7.31 14.3 25.1 38.9
Ccr 0.765 0.586 5.33 5.27 11.74 23.8 38.7 57.7
100/Scr 0.836 0.699 6.32 5.73 9.62 17.8 35.6 59.5
0.5 3 (Ccr 1 Ucr) 0.771 0.594 211.5 29.36 11.11 22.6 37.6 52.5
MDRD equation3 0.905 0.819 20.94 20.82 6.27 12.4 21.0 31.8
AASK equation (Scr, sex,

age, serum urea
nitrogen, serum
albumin)

0.906 0.821 20.99 20.33 6.19 12.1 21.2 31.8

AASK equation (Scr,
sex, age)

0.901 0.812 21.05 20.49 6.19 12.3 21.8 33.1

NOTE. N 5 1,703. Pearson R and Pearson R 2 computed on log scale. Measures of agreement for the AASK equations
were obtained using predicted GFRs computed with the current observations omitted.

Abbreviations: Ccr, creatinine clearance; Ucr, urea clearance; D, difference; Med uDu, median absolute difference; Med
u%Du, median percentage absolute difference.
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ably in part because of tubular secretion of creat-
inine. This was in a population of patients who
received careful urine-collection instructions as
participants in a clinical trial. It is anticipated
that the accuracy of 24-hour urine collections
would be less in a clinical practice setting. Al-
though the Cockcroft-Gault estimation of creati-
nine clearance has been found to overestimate
iothalamate GFR in non–AfricanAmerican popu-
lations, we found the Cockcroft-Gault formula
slightly underestimated GFR. The Cockcroft-
Gault formula was originally defined in non–
AfricanAmerican men.2 Underestimation of GFR
presumably represents increased muscle or di-
etary creatinine production relative to creatinine
excretion in our study. It is unclear whether
increased muscle mass or increased animal pro-
tein is responsible for the increased creatinine
production rate observed in this cohort.

In the MDRD study, an equation was devel-
oped using serum creatinine level, demographic
characteristics (age, sex, race), serum urea nitro-
gen level, and serum albumin level. Less than
15% of participants in the MDRD study were
AfricanAmerican. Patients screened in theAASK
trial were older, had greater BMIs, and fewer
were women. The mean GFR was substantially
greater in the AASK than the MDRD study.3,18

The equation derived from the MDRD popula-
tion for predicting GFR was nearly as accurate in
this population as the AASK equation, confirm-
ing the accuracy of estimating GFR from easily
obtainable clinical parameters and providing an
external validation of this equation. Also, when
looking at the accuracy of the equations com-
pared with iothalamate GFR, it is important to
remember that iothalamate GFRs themselves are
variable. The median absolute percentage of dif-
ference between the first two GFRs (measured a
few weeks apart) was 9.3%. This is almost as
large as the median absolute percentage of differ-
ence between predicted and measured GFR. The
MDRD or the AASK equation should be used to
better estimate GFR.

The stepwise regression analysis performed
using data from the AASK alone identified the
same five variables as the prediction equation
developed in the MDRD study. However, the
coefficients associated with these variables were
different for a best fit with AASK data. This
equation for predicting GFRs using demographic

and serum variables is the first ever developed
for use in African Americans and is far superior
to serum creatinine level, 24-hour creatinine clear-
ance, or Cockcroft-Gault–estimated creatinine
clearance. We also presented a simpler predic-
tion equation, depending on only serum creati-
nine level, age, and sex, that predicts GFR in the
AASK screenees almost as accurately as the
more complex equations derived from the MDRD
study or the AASK. This should facilitate the
estimation of GFR from simple variables col-
lected in routine clinical practice. The prediction
equations presented here have not been shown to
be accurate in patients not in a steady state of
creatinine balance (eg, patients with acute renal
failure).

The importance of being able to accurately
assess GFR without complex procedures is espe-
cially important in the African American popula-
tion. First, because the prevalence of ESRD is
especially high in this population, it is very
important to be able to estimate renal function to
detect renal dysfunction early so that appropriate
renal-sparing therapy can be applied. Second,
renal function can be estimated to accurately
time the initiation of renal replacement therapy.
Lastly, this is particularly important in African
American women and the elderly, in whom se-
rum creatinine levels, even in the normal range,
can mask advanced renal failure. In this study,
we only examinedAfricanAmericans with hyper-
tensive nephrosclerosis who were screened for
our study and thus cannot comment on the appli-
cability of our results to a broader or different
group of African Americans.

We conclude that there are important differ-
ences in renal function measurements in African
Americans compared with non–African Ameri-
cans, including greater serum creatinine levels
and urinary creatinine excretion rates for a given
GFR. The equation we developed gives the clini-
cian the opportunity to estimate GFR more accu-
rately using simple serum measurements and
demographic variables.
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