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Background and objectives: Muscle mass is not a major determinant of serum cystatin C levels, and its use to estimate GFR
may lead to more congruent estimates of chronic kidney disease (CKD) across gender and racial/ethnic groups.
Design, setting, participants, & measurements: The Multi-Ethnic Study of Atherosclerosis is a population-based study of
6814 men and women who are aged 45 to 85 yr and do not have clinical cardiovascular disease. Estimated CKD prevalence,
defined as an estimated GFR <60 ml/min per 1.73 m2 body surface area, was compared using three different GFR prediction
equations: The abbreviated Modification of Diet in Renal Disease (MDRD) equation and two equations based on serum
cystatin C.
Results: Among women, CKD prevalence estimates across the four racial/ethnic groups using the MDRD- or the cystatin
C– based GFR equations, which include gender and race coefficients, varied by approximately two-fold (P < 0.0001) but were
more congruent with use of a serum cystatin C– based equation without the use of coefficients (P ⴝ 0.3). CKD prevalence
estimates did not differ significantly across racial/ethnic groups among men with the MDRD (P ⴝ 0.07) or cystatin C formula
without coefficients (P ⴝ 0.05) but did differ significantly with the cystatin C formula, which incorporates gender and race
coefficients (P ⴝ 0.006).
Conclusions: CKD prevalence estimates vary across racial/ethnic groups, and the degree of variability depends on the
method used to estimate GFR, especially among women. Further research is needed to determine the accuracy and precision
of GFR prediction equations in racially diverse populations.
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T

he Modification of Diet and Renal Disease (MDRD)
GFR prediction equation (1) is routinely used to estimate GFR (estimated GFR [eGFR]) and diagnose
chronic kidney disease (CKD) in both research and clinical
practice. This formula estimates GFR using serum creatinine
and adjusts for age, black race, and gender; however, no adjustment is made for other nonwhite racial/ethnic groups. In
addition, serum creatinine levels are influenced by muscle mass
and tubular secretion, and GFR levels may differ between
individuals for a given serum creatinine level. Thus, GFR may
decrease markedly while serum creatinine remains within the
normal range (2).
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Serum cystatin C has been proposed as an alternative marker
for estimating GFR. Produced by most nucleated cells, this
cysteine proteinase inhibitor is freely filtered by the glomerulus
(3), and its serum concentration is determined predominantly
by GFR. The drawbacks to cystatin C as a marker of GFR
include higher concentrations in the setting of hyperthyroidism
(4) and steroid use (5,6) and limited data on its extrarenal
clearance (7). In a cross-sectional population-based study of the
Netherlands, a substantially stronger correlation was noted
between cystatin C and C-reactive protein (CRP; r ⫽ 0.26; P ⬍
0.001) than with serum creatinine and CRP (r ⫽ 0.03; P ⬍ 0.001),
which suggests that cystatin C may be influenced by inflammation (8); however, muscle mass is not a determinant of
cystatin C values (9,10). Thus, estimates of CKD using serum
cystatin C may be more congruent across gender and racial/
ethnic groups compared with estimates using serum creatinine,
because differences in muscle mass will not influence CKD
estimates with use of cystatin C.
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This study compared prevalence estimates of CKD among
gender and racial/ethnic groups using three different GFR
prediction equations: One based on creatinine (MDRD) and
two equations based on cystatin C. We hypothesized that prevalence estimates of CKD would be more uniform across racial/
ethnic and gender subgroups using methods based on serum
cystatin C compared with methods using serum creatinine.

Materials and Methods
Study Population
The Multi-Ethnic Study of Atherosclerosis (MESA) is a populationbased study of 6814 men and women who are aged 45 to 84 yr, have no
clinical cardiovascular disease, and were recruited from six US communities (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA; northern Manhattan, NY; and St. Paul, MN). The main
objective is to determine the characteristics of subclinical cardiovascular disease and its progression. Sampling and recruitment procedures
have been described in detail (11). Individuals with symptoms or
history of medical or surgical treatment for cardiovascular disease were
excluded. During the recruitment process, potential participants were
asked about their race/ethnicity using questions based on the US 2000
census questionnaire. Individuals who self-reported their race/ethnicity group as white or Caucasian, black or African-American, Chinese,
or Spanish/Hispanic/Latino were asked to participate. Race/ethnicity
was then categorized as white (non-Hispanic), black (non-Hispanic),
Chinese, and Hispanic. Individuals were enrolled between August 1,
2000, and July 30, 2002. Institutional review board approval was obtained at all MESA sites. Among all 6814 MESA participants, 64 were
excluded because of missing cystatin C (n ⫽ 57) or serum creatinine
(n ⫽ 7) values. Three participants with cystatin C mg/L or creatinine
values ⬍0.4 mg/dl were also excluded because of possibility of data
error. The total sample for all analyses included 6747 MESA participants.

Estimation of CKD
Cystatin C was measured using a BNII nephelometer (Dade Behring,
Deerfield, IL) that uses a particle-enhanced immunonepholometric assay (N Latex Cystatin-C) (12) on fasting plasma specimens stored at
⫺70°C. The assay is stable over five cycles of freeze/thaw. Among 61
healthy individuals with three cystatin C measurements during a 6-mo
period, the intraindividual coefficient of variation was 7.7%. Serum
creatinine was measured by rate reflectance spectrophotometry using
thin film adaptation of the creatine amidinohydrolase method on the
Vitros analyzer (Johnson & Johnson Clinical Diagnostics, Rochester,
NY). The laboratory analytical coefficient of variation is 2.2%. All
creatinine measurements for the MDRD Study were performed at
Cleveland Clinic laboratories using a CX3 assay. The Vitros analyzer
used here was previously calibrated to a CX3 machine with the Cleveland Clinic laboratory, and the results were found to be nearly identical. On the basis of calibration, all serum creatinine values were adjusted using the following regression formula: Adjusted creatinine ⫽
0.9954 ⫻ (serum creatinine) ⫹ 0.0208.
Three GFR (ml/min per 1.73 m2 body surface are [BSA]) prediction
formulas were used to estimate CKD:
eGFRSCr (MDRD GFR prediction equation) (1):
GFR ⫽ 186 ⫻ (creatinine⫺1.154) ⫻ (age⫺0.203)
⫻ 0.742 (if female) ⫻ 1.21 (if black)
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eGFRCysC (cystatin C– based formula) (13):
76.7 ⫻ (cystatin C)⫺1.19
eGFRCoCysC (cystatin C with gender and race coefficients) (13):
127.7 ⫻ (cystatin C)⫺1.17⫻ (age)⫺0.13⫻ 0.91 (if female) ⫻ 1.06 (if black)
The GFR prediction equations that are based on cystatin C alone were
developed in two thirds of the pooled sample of MDRD, AfricanAmerican Study of Kidney Disease (AASK), and Collaborative Study
Group (CSG) participants (n ⫽ 1935) and internally validated in the
remaining one third (n ⫽ 1045). External validation was then performed in a clinical population from Paris, France (n ⫽ 438). GFR was
directly measured using clearance of 125I-iothalamate in the MDRD,
AASK, and CSG participants and 51Cr-EDTA in Paris; mean values of
GFR, serum creatinine, and serum cystatin C were 48 ml/min per 1.73
m2, 2.1 mg/dl, and 1.8 mg/L, respectively. CKD was defined as an
eGFR ⬍60 ml/min per 1.73 m2 BSA.

Covariates
All MESA participants completed self-administered questionnaires
and were interviewed by trained research staff to collect information
pertaining to demographic characteristics, medical history, medication,
and alcohol and tobacco use (14). Self-administered questionnaires
were available in English, Spanish, and Chinese. Trained and certified
clinic staff obtained BP and anthropometric measurements on all MESA
participants during the baseline visit. After a 5-min rest, BP was measured three times at 1-min intervals using a Dinamap PRO 100 automated oscillometric device (Critikon, Tampa, FL) with the participant
in a seated position with the back and arm supported (15). The average
of the second and third BP measurements was used for this analysis.
Diagnosis of hypertension was defined as self-reported treatment for
hypertension or a systolic BP ⱖ140 mmHg or diastolic BP ⱖ90 mmHg.
Presence of diabetes was based on self-reported physician diagnosis,
use of insulin or oral hypoglycemic agent, or fasting glucose value
ⱖ126 mg/dl. Body mass index was calculated as weight in kilograms
divided by height in meters squared.

Statistical Analysis
Means and SD were used to summarize the characteristics of the
study participants across the four racial/ethnic groups after stratification by gender. Continuous and categorical variables were compared
using ANOVA and the 2 statistic, respectively. When the global
ANOVA or 2 tests were significant, all nonwhite race/ethnicity groups
were then compared with white individuals. The level for statistical
significance was set at P ⬍ 0.008 (0.05/6) to account for multiple
comparisons (white men and women versus three nonwhite racial/
ethnic groups of men and women).
Spearman correlation coefficients between cystatin C, creatinine, and
selected variables including height and weight were calculated after
natural log transformation of cystatin C and creatinine values. To
determine whether differences in CKD estimates among the nonwhite
racial/ethnic groups compared with white individuals could be explained by demographic characteristics and differences in CKD risk
factors, we used multivariate logistic regression to determine the odds
of CKD in each nonwhite racial/ethnic group compared with white
individuals by each of the three formulas. All regression analyses were
performed after stratification by gender. The logistic regression model
adjusted for age, body mass index, racial/ethnic group, presence of
diabetes, hypertension, and current smoking status, factors that may
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account for differences in GFR and creatinine among the racial/ethnic
groups.

Results
The total sample for this study included 6747 men and
women (38% white, 28% black, 12% Chinese, and 22% Hispanic) between the ages of 45 and 84 yr. Table 1 shows the
demographic characteristics and mean values of serum creatinine and cystatin C by racial/ethnic group and by gender.
Mean age across groups was similar, but weight was highest
among black men and women and lowest among Chinese men
and women. Serum creatinine was significantly higher among
black men and lower among Chinese and Hispanic men compared with white men. Similar findings were noted among
women. Among both men and women, cystatin C levels did not
differ significantly among black and Hispanic compared with
white individuals; however, cystatin C levels were significantly
lower among Chinese men and women compared with white
men and women, respectively. Both cystatin C and creatinine
values were consistently higher among men compared with
women in all racial/ethnic groups, but these differences were
substantially larger for serum creatinine than for cystatin C
(Figure 1). Within each racial group, cystatin C levels between
men and women differed by 0.04 to 0.05 mg/L, approximately
a 5% difference. In contrast, gender differences in creatinine
levels varied across racial ethnic groups, ranging from 18%
higher among white men compared with white women to 22%
higher among black men compared with black women.
The correlations of age, height, weight, and CRP with creatinine, cystatin C, and eGFR are displayed in Table 2. Cystatin C
had a higher correlation with age compared with creatinine
(r ⫽ 0.41 versus r ⫽ 0.13), whereas creatinine had higher correlations with height and weight compared with cystatin C. GFR
estimated with cystatin C (eGFRCysC and eGFRCoCysC) was
significantly (P ⬍ 0.0001) correlated with eGFRSCr.
Among the white, black, and Hispanic racial/ethnic groups,
CKD prevalence estimates were higher among men compared
with women with use of the eGFRCysC prediction equation and
lower among men compared with women with use of the
eGFRCoCysC prediction equation (Figure 2). In contrast, CKD
prevalence estimates were consistently higher among Chinese
women compared with Chinese men. CKD prevalence estimates with the three GFR prediction equations varied by approximately three-fold among white women and Chinese men
and by two-fold among Chinese and Hispanic women. In the
other gender and racial/ethnic subgroups, CKD prevalence
estimates with the three GFR prediction equations varied by 22
to 44%. Similar CKD prevalence estimates were noted among
women across the four racial/ethnic groups with the eGFRCysC
equation, ranging from 3.9% in Hispanic women to 5.4% in
white women (P ⫽ 0.3), whereas CKD prevalence estimates
varied by approximately two-fold with the eGFRSCr equation
(P ⬍ 0.0001) and the eGFRCoCysC equation (P ⫽ 0.006). Among
men, the widest range of CKD prevalence estimates was noted
with the eGFRCoCysC equation (9.0% in white to 4.4% in Chinese; P ⫽ 0.006).
The unadjusted and adjusted odds of CKD by racial/ethnic
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group compared with white individuals using the three different GFR equations in men and women are shown in Figure 3.
Adjusted odds ratios for CKD in the gender and racial/ethnic
subgroups compared with white individuals all were ⬍1.00
and fairly similar with each of the three GFR prediction equations except among Chinese participants. Among Chinese men,
the multivariate adjusted odds of CKD compared with white
individuals ranged from 1.17 (95% confidence interval [CI] 0.77
to 1.78) with the eGFRSCr formula to 0.58 (95% CI 0.31 to 1.11)
with the eGFRCysC formula. In contrast, Chinese women had a
48% lower adjusted odds of CKD (95% CI 0.35 to 0.75) with use
of the eGFRSCr formula and 13% higher odds of CKD (95% CI
0.68 to 1.90) with the eGFRCysC formula compared with white
women.

Discussion
Using baseline measures from a multiethnic cohort of adults
without established cardiovascular disease, we noted marked
differences in CKD prevalence estimates across racial/ethnic
groups with use of the MDRD and cystatin C GFR equations
with gender and race coefficients among women. Differences in
CKD prevalence estimates among women were substantially
attenuated with use of the cystatin C– based GFR prediction
equation without gender and race coefficients. Discrepancies in
CKD estimates could be attributable to differences in non-GFR
determinants of serum creatinine and cystatin C, differential
accuracies of the GFR equations across racial/ethnic groups,
and use of a race coefficient that accounts only for black and
white individuals. The growth of ESRD in nonblack minority
groups demonstrates an urgent need for closer attention to
CKD and its progression in these populations. Incident ESRD
among Asians has increased six-fold in the past two decades,
whereas the number of Hispanic incident patients with ESRD
has increased by 63% since 1996 (16). Although ESRD incidence
is higher among nonwhite racial/ethnic groups compared with
white individuals in the United States, CKD prevalence, defined as a GFR ⬍60 ml/min per 1.73 m2 BSA estimated with the
modified MDRD formula, is higher among white compared
with nonwhite racial/ethnic groups (16). Higher ESRD rates
among nonwhite compared with white adults seems not to be
a function of increased CKD prevalence but rather a higher rate
of progression to CKD to ESRD (17); however, information on
CKD prevalence in many nonwhite racial/ethnic groups remains limited.
Current guidelines for detection of CKD recommend the use
of equations that are based on serum creatinine, such as the
MDRD GFR prediction equation or the Cockroft-Gault formula,
which estimates creatinine clearance (18). Among both men and
women, serum creatinine levels differed significantly in each
nonwhite racial/ethnic group compared with white men and
women, respectively. In contrast, cystatin C levels among black
and Hispanic men and women did not differ significantly from
white men and women, respectively; however, among Chinese
participants, cystatin C levels were significantly lower among
men and women compared with white men and women, respectively. Currently, there are no GFR prediction equations
that account for potential serum creatinine differences between
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1.8 (0.07)
87.1 (14.4)
28.0 (4.1)
10.0
38.5
11.1
1.08 (0.18)
0.93 (0.20)
76.3 (13.8)
87.2 (18.8)
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White
(n ⫽ 1247)

63.1 (10.3)
1.7 (0.06)e
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9.6
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(n ⫽ 836)

61.6 (10.3)
1.7 (0.07)
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0.92 (0.34)
83.0 (17.8)e
90.1 (20.5)
88.0 (20.5)e

Hispanic
(n ⫽ 716)

63.0 (10.3)
1.6 (0.07)
72.7 (16.1)
27.6 (5.8)
5.9
37.8
12.0
0.88 (0.20)
0.89 (0.20)
71.9 (13.5)
93.3 (21.9)e
82.7 (20.1)

White
(n ⫽ 1347)

62.8 (10.4)
1.6 (0.06)
57.9 (9.3)e
23.9 (3.4)e
14.8e
41.4
1.7e
0.80 (0.15)e
0.83 (0.20)e
80.4 (16.2)e
101.9 (24.5)
90.3 (22.6)e

Chinese
(n ⫽ 413)

b

Black
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Data are mean (SD) or percentages. BMI, body mass index; eGFR, estimated GFR.
eGFRSCr (ml/min per 1.73 m2 body surface area 关BSA兴) ⫽ 186 ⫻ (creatinine)⫺1.154 ⫻ (age)⫺0.203 ⫻ 0.742 (if female) ⫻ 1.21 (if black).
c
eGFRCysC (ml/min per 1.73 m2 BSA) ⫽ 76.7 ⫻ (cystatin C)⫺1.19.
d
eGFRCoCysC (ml/min per 1.73 m2 BSA) ⫽ 127.7 ⫻ (cystatin C)⫺1.17 ⫻ (age)⫺0.13 ⫻ 0.91 (if female) ⫻ 1.06 (if black).
e
P ⬍ 0.008 versus white men (if male) or white women (if female).

a

Age
Height (m)
Weight (kg)
BMI (kg/m2)
% Diabetes
% Hypertension
% Smokers
Creatinine (mg/dl)
Cystatin C (mg/L)
eGFRSCrb
eGFRCysCc
eGFRCoCysCd

Characteristic

Men

Table 1. Characteristics of the Multi-Ethnic Study of Atherosclerosis Participants by gender and by racial/ethnic groupa
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(n ⫽ 769)
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Figure 1. Distribution of serum creatinine (mg/dl) and cystatin
C (mg/L) concentrations among men and women and by racial/ethnic group.

Table 2. Spearman correlations between selected
variables and creatinine and cystatin C among the
Multi-Ethnic Study of Atherosclerosis Participants
Parameter

Age

Height Weight

CRP

eGFRSCr

Creatinine
0.13d 0.46d 0.28d ⫺0.07e ⫺0.66d
Cystatin C
0.41d 0.04e
0.18d 0.15d ⫺0.54d
a
d
d
eGFRSCr
⫺0.32
0.05
0.05e
0.01
1.00
b
d
e
eGFRCysC
⫺0.41 ⫺0.05 ⫺0.18d ⫺0.15d
0.54d
eGFRCoCysCc ⫺0.47d 0.04f ⫺0.05d ⫺0.011d
0.59d
eGFRSCr (ml/min per 1.73 m2 body surface area 关BSA兴) ⫽
186 ⫻ (creatinine)⫺1.154 ⫻ (age)⫺0.203 ⫻ 0.742 (if female) ⫻
1.21 (if black).
b
eGFRCysC (ml/min per 1.73 m2 BSA) ⫽ 76.7 ⫻ (cystatin
C)⫺1.19.
c
eGFRCoCysC (ml/min per 1.73 m2 BSA) ⫽ 127.7 ⫻
(cystatin C)⫺1.17 ⫻ (age)⫺0.13 ⫻ 0.91 (if female) ⫻ 1.06 (if
black).
d
P ⬍ 0.0001.
e
P ⬍ 0.001.
f
P ⬍ 0.01.
a

white and other racial/ethnic groups such as Hispanic or Chinese. The abbreviated MDRD GFR prediction equation showed
⬍50% accuracy within ⫾30% among Chinese adults with direct
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Figure 2. Unadjusted chronic kidney disease (CKD) prevalence
estimates by GFR prediction equation and by racial/ethnic
group among men (top) and women (bottom). *P ⬍ 0.008 versus
white men (if male) or white women (if female).

GFR measurements ⬍60 ml/min per 1.73 m2 (19). Although
modifications of the abbreviated MDRD formula have been
developed for Chinese (20) and Japanese adults (21), use of one
formula for all racial/ethnic groups may simplify the application of GFR prediction equations for clinicians and boost CKD
screening.
This study noted marked gender differences in CKD prevalence using creatinine-based GFR equations, especially among
white individuals, and these differences were attenuated with
use of cystatin C– based equations, especially without the use of
gender and race coefficients. The use of gender and race coefficients seems to improve the accuracy (percentage of eGFR
within 30% of measured GFR) of cystatin C– based equations in
populations enriched with CKD (13), but this may not be true in
healthy or older populations or in all racial/ethnic groups.
Previous investigators suggested that cystatin C avoids potential bias in GFR estimates as a result of gender. Rule et al. (22)
directly measured GFR using iothalamate clearance in 460 patients with a variety of clinical presentations, and creatinine
and cystatin C were also measured. In this study, direct GFR
measurements were 23% (P ⬍ 0.001) lower among women
compared with men for a given creatinine level. In contrast, no
significant difference in direct GFR measurements between
men and women were observed for a given cystatin C level
(P ⫽ 0.18). The majority of participants in this study were white
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Conclusions
This study demonstrates that CKD prevalence estimates vary
across racial/ethnic groups, and the degree of variability depends on the method used to estimate GFR, especially among
women. More studies are needed to assess the accuracy of GFR
prediction equations in racially diverse populations.
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