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Abstract
Whether genetic factors account for differences in early kidney disease among blacks in a young healthy population is
not well known. We evaluated the association of self-reported race and genetic African ancestry with elevated creatinine (61.3 mg/dl for men, 61.1 mg/dl for women) among
3,113 black and white participants in the Coronary Artery
Risk Development in Young Adults (CARDIA) study, ages 38–
50 years. We estimated individual African ancestry using 42
ancestry informative markers. Blacks were more likely to
have elevated creatinine than whites, and this effect was
more pronounced in men: adjusted odds ratio (AOR) for
black versus white men = 7.03, 4.15–11.91; AOR for women =
2.40, 1.15–5.02. Higher African ancestry was independently associated with elevated creatinine among black men
(AOR = 1.53,1.08–2.16 per SD increase in African ancestry),
but not women. A graded increase in odds of elevated cre-
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atinine by African Ancestry was observed among black men
compared with white men: AOR = 4.27 (2.26–10.06) for black
men with 40–70% African ancestry; AOR = 8.09 (4.19–15.61)
for black men with 70–80% African ancestry; AOR = 9.05
(4.81–17.02) for black men with 180% African ancestry. Genetic factors common to African ancestry may be associated
with increased risk of early kidney dysfunction in a young,
healthy population, particularly among black men.
Copyright © 2009 S. Karger AG, Basel

Introduction

Kidney disease and the progression to end-stage renal
disease (ESRD) affect black Americans disproportionately [1–3]. In addition, differences between blacks and
whites in prevalent kidney disease, progression and incident ESRD have been shown to be more pronounced
among men compared to women [2–4]. Studies of genetic susceptibility to kidney disease have been mostly
performed in white populations [5, 6]. However, recent
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year 10 examination were genotyped for ancestry informative
markers (n = 1,623). Of these, 1,240 returned for the year 20 examination and had a measured serum creatinine and were included in this analysis. All white participants with a measured
serum creatinine from year 20 were also included (n = 1,873), for
a total sample size of 3,113. All study protocols were approved by
the appropriate institutional review boards.
Selection of Ancestry-Informative Markers and Genotype
Analysis
Details on selection of markers and genotyping have been
published previously [18]. Briefly, 42 autosomal SNP markers
were selected on the basis of having large allele frequency differences (␦ values) between African and European populations and
on being distantly spaced throughout the genome. A subset of 23
markers was selected from candidate genes involved in inflammation and thrombosis as part of the NHLBI’s Program for Genomic Applications. Genotyping was performed using the TaqMan, SNPlex, and Illumina methods under standard conditions
as previously described [18].
Based on this ancestral population data, we can calculate the
probability for each person at every marker that their ancestry at
that locus is from any particular ancestral population, using the
assumption that the markers are independent. The proportion of
African and European ancestry for each individual was estimated
using a maximum likelihood method with the program FRAPPE
(under a 2-population model) [12] and by the cluster analytic
method of the program STRUCTURE [19]. Information on ancestral allele frequencies for white Europeans and Africans was
obtained from HapMap from Yorubans and Utah Caucasians
(CEPH), and FRAPPE and STRUCTURE estimates had high degrees of correlation [18].

Participants
Study design details of CARDIA have been published previously [17]. Briefly, a cohort of young adults, age 18–30 at the time
of enrollment, and balanced by race (black and white) and sex
were recruited between 1985–1986 from four participating sites:
Birmingham, Ala., Chicago, Ill., Minneapolis, Minn., and Oakland, Calif., USA. Follow-up examinations occurred at years 2, 5,
7, 10, 15 and 20. All black participants with stored DNA from the

Outcome: Elevated Serum Creatinine
Serum creatinine was measured by nephelometry and calibrated to National Institute of Standards and Technology (NIST)
standards as recommended by The National Kidney Disease Education Program (NKDEP) Laboratory Working Group across all
sites [20]. We defined an elevated creatinine as a serum creatinine
of 61.3 mg/dl for men and 61.1 mg/dl for women at the year 20
exam. We chose not to use equations to estimate glomerular filtration rate (GFR) such as the Modification of Diet in Renal Disease (MDRD) equation [21] for several reasons: (1) these equations have not been validated in young blacks without chronic
kidney disease, (2) these equations include interaction term for
race which is the primary predictor of interest, and (3) since these
interaction terms have not been derived in young adults without
kidney disease, they are likely to inflate GFR estimates for young
blacks. This is supported by prior data from CARDIA using 24hour urine collections, where Jacobs et al. [22] found that the difference in creatinine excretion between blacks and whites was
only 10%, compared to the current race adjustment factor of 21%
in the MDRD equation [21]. In addition, we chose creatinine cut
points rather than linear creatinine because prior work in CARDIA has shown that using linear creatinine is highly influenced
by outliers [3]. We chose the cut points 1.3 mg/dl for men and 1.1
mg/dl for women after examination of the creatinine distributions between blacks and whites and because these represent documented clinically relevant cut points for kidney disease [3, 23,
24].
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studies suggest a susceptibility gene for ESRD among
nondiabetic African Americans: MYH9 [7–9]. However,
polymorphisms in the MYH9 gene were not associated
with estimated glomerular filtration rate in a population
of hypertensive blacks and whites not enriched for kidney
disease [10]. Thus, the extent to which genetic factors
more commonly found among persons of African descent account, at least in part, for differences in early kidney disease risk among young healthy persons is still not
well understood.
Genetic admixture analysis is a method to study potential genetic contributions to racial differences in complex traits such as kidney disease by estimating the percentage of a person’s genome that is of a given ancestral
origin [11–14]. Genetic admixture analysis uses the
knowledge that individuals sampled worldwide can be
classified into clusters that correspond to continental
lines (Africans, Europeans/West Asians, East Asians, Pacific Islanders, and Native Americans) based on previously identified genetic markers to quantify the proportion of an individual’s genome that is of a given ancestral
origin (i.e. European, African) [15]. The technique uses
ancestry informative markers (AIMs), which are single
nucleotide polymorphisms (SNPs) with large frequency
differences between the ancestral populations.
Blacks in the United States are a heterogeneous group,
variably admixed with African and European ancestry
[16]. Due to this heterogeneity, genetic admixture analysis offers a unique opportunity for studying the role of
genetic factors within a single, admixed population, independent of social factors and comorbidities. Specifically, an association between genetic ancestry and a disease phenotype within an admixed group such as African
Americans may be an indicator of genetic factors underlying differential expression among racial groups. Therefore, we designed this study to evaluate whether genetic
African ancestry is independently associated with elevated serum creatinine among healthy, young men and
women in the Coronary Artery Risk Development in
Young Adults (CARDIA) study.

Statistical Analyses
We studied participant characteristics by self-reported race.
In order to extend previously published CARDIA findings from
earlier exam years [3], we first studied the distributions of creatinine between blacks and whites by plotting the percent of participants of each race at each creatinine cut point by sex at year 20.
We then studied differences in prevalent elevated creatinine by
self-reported race in the entire CARDIA cohort at the year 20
visit. Using multivariable logistic regression, we estimated the
odds of having elevated creatinine for blacks compared to whites
within each sex group. We first adjusted for age, income and education. A second nested model adjusted for the above variables
plus diabetes, hypertension, systolic blood pressure, cardiovascular disease, smoking, fasting glucose, LDL cholesterol, CRP. We
also adjusted for clinical site. We used a nested model approach
in order to identify potential mediators of the associations.
An individual’s percentage of African ancestry was coded as a
continuous variable for self-identified blacks. We then constructed models including only self-identified black participants to test
whether African ancestry (per standard deviation increase of African ancestry) was independently associated with elevated creatinine among blacks. We used sequential multivariable logistic
regression models as above. We performed a sensitivity analysis
excluding those with ancestry !40% to avoid possible misclassification, as studies have rarely reported self-identified blacks in
this range of African ancestry [16, 25].
We then extended our analyses to evaluate whether quantification of African ancestry was associated with a gradient of risk
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Table 1. Participant characteristics for 3,113 black and white participants in CARDIA at year 20 by self-reported race

Characteristic

Black
(n = 1,240)

White
(n = 1,873)

p
value

Age
Female
Income
USD <25,000
USD 25,000–49,999
USD ≥50,000
Education
Less than high school
graduate
High school graduate
Some college
College
More than college
LDL cholesterol
BMI
Systolic blood pressure
Fasting glucose
C-reactive protein
CVD
Diabetes
Hypertension
Smoker

44.683.8
757 (61.1)

45.783.4
989 (52.8)

<0.001
<0.001
<0.001

279 (22.5)
338 (27.3)
598 (48.2)

148 (7.9)
262 (14.0)
1,447 (77.3)
<0.001

80 (6.4)
336 (27.1)
440 (35.5)
246 (19.8)
130 (10.5)
108.3832.6
31.487.8
120.5815.9
99.6828.7
4.085.5
16 (1.3)
169 (13.6)
369 (29.8)
489 (39.5)

40 (2.1)
242 (12.9)
375 (20.0)
581 (31.0)
628 (33.5)
110.1830.9
27.986.5
113.1813.2
96.4822.0
2.584.5
13 (0.7)
160 (8.5)
234 (12.5)
762 (40.7)

0.14
<0.001
<0.001
<0.001
<0.001
0.09
<0.001
<0.001
0.50

Figures in parentheses are percentage. LDL = Low-density lipoprotein; CVD = cardiovascular disease.

in comparing black and white differences in prevalent elevated
creatinine. We divided the cohort into five groups: self-identified
whites who based on prior literature are assumed to have !5%
African ancestry [25], and four groups of self-identified blacks
divided as !40, 40–70, 70–80 and 180% African ancestry. We
used these cut points of ancestry because only 19 black men and
28 black women had !40% ancestry and the three remaining
groups roughly correspond to remaining tertiles of ancestry. We
used sequential multivariable logistic regression models to test
the association of African ancestry (by each group) with elevated
creatinine, compared to whites as the referent group. All analyses
were performed using SAS (version 9.1). Two-tailed p values !0.05
were considered significant.

Results

Participant Characteristics
The 3,113 self-identified black and white participants
in CARDIA included in this analysis are described in table 1. Black participants had higher body mass index,
higher systolic blood pressure, higher fasting glucose,
and were more likely to have diabetes, hypertension and
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Secondary Predictors
Sociodemographic factors were assessed by questionnaire at
all study visits. Race was determined by participant self-report at
baseline. We used socioeconomic data from year 20 rather than
baseline as a more accurate reflection of a person’s socioeconomic status at the time of kidney function assessment. As a marker
of socioeconomic status, we used income (categorized as USD
! 25,000, 25,000– !50,000, 650,000) and level of highest educational attainment (categorized as less than high school, high
school graduate, some college, completed college, more than college).
We used year 20 measurements for most covariates. Participants were asked not to exercise on the day of the examination,
and to fast for 12 h. Systolic and diastolic blood pressure were defined as the average of the second and third of three measurements taken at 1-min intervals after a 5-min rest. A diagnosis of
hypertension was recorded if the participant ever had a systolic
blood pressure 6140 or diastolic blood pressure 690 or use of
antihypertensive medications. Height and weight were used to
calculate the body mass index (weight (kg) divided by height
squared (m2)). Diabetes was defined by fasting glucose 1126 mg/
dl or use of diabetes medications. Smoking was defined as selfreported current tobacco use. History of cardiovascular disease
(CVD) was defined by an adjudicated CVD CARDIA endpoint
(myocardial infarction, congestive heart failure (CHF), or stroke)
before the year 20 examination. LDL cholesterol (LDL-c) was derived using the Friedewald formula from fasting samples.. Plasma
C-reactive protein (CRP) levels were assayed using BNII immunonephelometry (BNII Nephelometer 100 Analyzer, Dade Behring) on stored plasma from year 15 as it was unavailable for the
year 20 examination.
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Fig. 1. Distribution of serum creatinine (mg/dl) among blacks and whites in CARDIA by gender.

Unadjusted
Men
(n = 1,367)
Women
(n = 1,746)

6.25
(4.01–9.76)
2.86
(1.59–5.12)

SES adjusteda
7.68
(4.71–12.53)
2.96
(1.56–5.62)

Table 3. Association of African ancestry and elevated creatinine

by sex among self-identified blacks only in CARDIA

Adjustedb
7.03
(4.15–11.91)
2.40
(1.15–5.02)

Unadjusted
Men
(n = 483)
Women
(n = 757)

1.43
(1.09–1.90)
1.10
(0.77–1.59)

SES adjusteda
1.58
(1.16–2.15)
1.10
(0.75–1.61)

Adjustedb
1.53
(1.08–2.16)
1.18
(0.76–1.83)

Odds ratio (95% CI) for the association of self-reported race
with elevated creatinine (reference white).
a Adjusted for age, income, education.
b
Adjusted for age, income, education, smoking, systolic blood
pressure, cardiovascular disease, diabetes, hypertension, BMI,
fasting glucose, LDL cholesterol, C-reactive protein, and clinical
site.

Odds ratio (95% CI) for the association of African ancestry
with elevated creatinine (per SD of African ancestry).
a
Adjusted for age, income, education.
b Adjusted for age, income, education, smoking, systolic blood
pressure, cardiovascular disease, diabetes, hypertension, BMI,
fasting glucose, LDL cholesterol, C-reactive protein, and clinical
site.

cardiovascular disease. Blacks also had lower income and
a higher percentage with less than high school education.

whites. Compared to self-reported whites, black men had
over 6-fold increased odds of elevated creatinine that was
not attenuated by adjustment for sociodemographic characteristics or comorbidities. The magnitude of the association of race with elevated creatinine was lower among
women in both unadjusted and adjusted analyses (table 2).

Self-Reported Race and Elevated Creatinine
We plotted the proportion of participants in each creatinine group by race and sex and found differences at the
tails of these distributions, with a higher proportion of
black men with creatinine values 61.3 mg/dl compared
to white men, and a higher proportion of black women
with creatinine values 61.1 mg/dl compared to white
women (fig. 1a, b). Based on examination of these distributions and our prespecified decision not to use the formulas, we chose these cut points for the analyses.
At year 20, there were significant race differences in
the prevalence of elevated creatinine between blacks and
African Ancestry and Creatinine

African Ancestry and Elevated Creatinine among
Self-Identified Blacks
The distribution of African ancestry was similar for
men and women. For men, the mean was 73% (SD 16%,
median 76%) and it was 72% for women (SD 15%, median
74%). The standard error of ancestry estimates ranged
between 3 and 13%. Among blacks, higher African ancestry (per SD) was independently associated with elevated
Am J Nephrol 2010;31:202–208
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Table 2. Association of self-reported black versus white race and
elevated creatinine by sex

Self-Reported Race, African Ancestry and Elevated
Creatinine among Blacks versus Whites
In order to understand the added value of genetically
determined African ancestry to self-reported race alone,
we divided our cohort into five groups (whites combined
and self-identified blacks divided into four groups by African ancestry: !40, 40–70, 70–80 and 180%). We then
studied the association of each African ancestry group
and elevated creatinine compared to self-reported whites
as the referent group among men and women. Among the
men, there was a graded association of higher odds of elevated creatinine with increasing group of African ancestry. There were no cases of elevated creatinine among
men with African ancestry !40%. Moreover, the odds of
elevated creatinine were lower for those with ancestry
!70% compared to 70–80 or 180% when each was compared to the white referent group. This effect was not seen
among women (table 4).

Discussion

In a large and well-characterized cohort of young and
middle-aged black and white adults, we found that selfreported black race was associated with higher odds of
elevated creatinine compared to whites, particularly
among men. When we used genetic admixture analysis,
higher African ancestry was associated with higher odds
of elevated creatinine among black men after adjustment
for sociodemographic factors and comorbidities. Moreover, among men, across the two race groups, we found a
graded increase in odds of elevated creatinine, with white
men having the lowest risk, black men with lower African
ancestry having intermediate risk, and black men with
the highest African ancestry having the highest risk. Our
206
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Table 4. Association of African ancestry groups versus whites

and elevated creatinine
Whites (combined)
and blacks by African ancestry group

Men
Self-reported
white (ref.)
African ancestry
<40%
40–70%
70–80%
>80%
Women
Self-reported
white (ref)
African ancestry
<40%
40–70%
70–80%
>80%

n

Unadjusted
odds ratio
(95% CI)

Adjusted1
odds ratio
(95% CI)

884

1.0

1.0

19
134
150
180

*
4.44 (2.36–8.36)
7.33 (4.21–12.74)
7.64 (4.52–12.91)

*
4.27 (2.26–10.06)
8.09 (4.19–15.61)
9.05 (4.81–17.02)

989

1.0

1.0

28
110
252
239

2.12 (0.27–16.49)
3.04 (1.43–6.44)
2.12 (0.93–4.81)
3.56 (1.73–7.33)

2.11 (0.25–18.11)
2.05 (0.79–5.32)
1.95 (0.73–5.23)
3.46 (1.41–8.50)

* There were no black men with African ancestry <40% and
elevated creatinine.
1 Adjusted for age, income, education, smoking, systolic blood
pressure, cardiovascular disease, diabetes, hypertension, BMI,
fasting glucose, LDL cholesterol, C-reactive protein, and clinical
site.

results suggest that the use of genetically determined African ancestry may elucidate an important heterogeneity
in the risk of kidney dysfunction among self-identified
blacks that is not captured by self-reported race alone.
The association of African ancestry and elevated creatinine may be due to genetic factors, sociodemographic
and environmental factors, or their interactions. Although familial aggregation of ESRD risk has been shown
in both African American and white populations [26, 27],
a growing body of evidence has found African-specific
polymorphisms associated with renal damage [28, 29].
Most recently, two studies used admixture mapping to
find an association of a gene thought to be involved in
podocyte function (MYH9) with nondiabetic, proteinuric ESRD among African Americans [7, 8]. However,
this association was not seen with estimated glomerular
filtration rate among blacks in a hypertensive population
[10]. In the same study, there was a modest association
with albuminuria, suggesting that the MYH9 polymorphisms may be more important for development of proteinuric disease. Our findings of an association of higher
Peralta /Risch /Lin /Shlipak /Reiner /Ziv /
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creatinine among men in unadjusted models. Adjustment in sequential models for sociodemographic factors
and comorbidities did not attenuate this effect in men.
African ancestry was not associated elevated creatinine
among self-identified black women (table 3).
We conducted sensitivity analyses excluding participants with less than 40% African ancestry. This did not
materially change our findings: among men, African ancestry (per SD) was associated with elevated creatinine in
age and demographic adjusted models (AOR = 1.47, 95%
CI 1.05–2.05 and AOR = 1.43, 95% CI 0.99–2.08 in fully
adjusted models). There was no association of African
ancestry and elevated creatinine among women (AOR =
0.89, 95% CI 0.67–1.19).

African ancestry with elevated creatinine in a young,
healthy cohort are consistent with the possibility that
there may be other genetic loci that may account for predisposition to kidney disease and reduced glomerular filtration rate due to a common genetic ancestry. Moreover,
these positive findings suggest that early kidney disease
(before ESRD) may be a complex trait amenable to genetic admixture mapping.
It is important to recognize that sociodemographic
and environmental factors may play an important role.
That is, our findings may also be confounded by social
and environmental factors not measured in this study. In
addition, there may be important gene-environment interactions. Higher African ancestry may be a marker for
factors such as individual poverty [30], neighborhood
poverty, access to care, diet, social cohesion, discrimination, stress, or other environmental exposures. Higher
African ancestry is known to be associated with darker
skin color [31], and darker skin may, in turn, be associated with differing social experiences that may affect disease risk. However, our findings were independent of risk
factors such as hypertension and diabetes that are likely
affected by similar environmental characteristics. Moreover, our findings are robust after adjustment for income
and education.
The observed gender differences in the association of
genetic ancestry and elevated creatinine is noteworthy.
Gender differences in racial associations with kidney disease prevalence, progression, and ESRD incidence have
been previously reported in the epidemiology literature
where differences are more striking among men [1–4].
Moreover, gender interactions in the association of genetic traits and complex phenotypes, including kidney
disease, have been previously documented [28, 29, 32–
34]. Several mechanisms have been suggested to explain
these gender differences, including gene-gene or geneenvironment interactions. One possible mechanism is
that sex hormones may affect the expression of a polymorphism. In one well-studied example, estrogen levels
modulate the expression of variants in a Ca2+ and voltage-dependent K+ channel involved in determining vascular tone [35], and polymorphisms in this gene have
been linked to disruption of vascular tone, hypertension
and left ventricular hypertrophy [36, 37]. Thus, it is possible that, either directly or indirectly, sex hormone levels
may affect kidney disease risk.
Our findings show that the use of genetic African ancestry captures heterogeneity in kidney dysfunction risk
among black men that is not captured by self-reported
race alone. This is supported by prior reports of the large

heterogeneity in African ancestry among self-identified
blacks across the United States [38, 39]. Since prior reports
have shown that self-report cannot adequately determine
percent African ancestry among Blacks born in the United States [39], there may be additional information regarding risk using genetically determined ancestry.
Our study is limited by the lack of a gold standard
measure of kidney function. Although blacks have been
shown to have higher serum creatinine in some studies,
and this may be due to differences in muscle mass and/or
tubular secretion, our cut points are likely to represent
kidney dysfunction in this young population, as has been
shown in prior studies [23, 24]. Our study is also limited
by its cross-sectional nature. We are only able to study
differences in prevalence of elevated creatinine and not
progression of kidney disease, where racial differences
may be greater. Moreover, we are limited by using education and income as markers of socioeconomic status,
which may not reflect a person’s entire social environment [40]. Our study is also limited by the use of a limited number of markers to determine genetic ancestry.
This may lead to error in the estimates, which may have
attenuated the effects we describe [13], and may have been
a particular concern in the women where power was limited due to the small number with elevated creatinine.
In summary, higher African ancestry is associated
with increased risk of elevated creatinine, particularly
among black men. African Ancestry determination in
black men elucidated a heterogeneity of risk not captured
by race self-report alone. The observed associations of
ancestry with elevated creatinine may be due to genetic
or nongenetic effects or their interactions. Future studies
should focus on elucidating those factors that may explain the observed associations and sex differences.
Moreover, our study is important as these findings suggest that kidney disease prior to the onset of ESRD may
be a complex trait amenable to admixture mapping.
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