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José R. Fernández,*‡ Mark D. Shriver,‡‡ T. Mark Beasley,‡ Nashwa Rafla-Demetrious,§ Esteban Parra,‡‡
Jeanine Albu,§ Barbara Nicklas,¶// Alice S. Ryan,// Paul M. McKeigue,** Clive L. Hoggart,**
Roland L. Weinsier,*† and David B. Allison*‡

Abstract
FERNÁNDEZ, JOSÉ R., MARK D. SHRIVER, T. MARK
BEASLEY, NASHWA RAFLA-DEMETRIOUS, ESTEBAN
PARRA, JEANINE ALBU, BARBARA NICKLAS,
ALICE S. RYAN, PAUL M. MCKEIGUE, CLIVE L.
HOGGART, ROLAND L. WEINSIER, AND DAVID B.
ALLISON. Association of African genetic admixture with
resting metabolic rate and obesity among women. Obes Res.
2003;11:904–911.
Objective: To investigate the role of genetic admixture in
explaining phenotypic variation in obesity-related traits in a
sample of African-American women (n � 145) and to
determine significant associations between obesity traits
and admixture genetic markers.
Research Methods and Procedures: Associations between
genetic admixture and BMI, resting metabolic rate, fat mass,
fat-free mass, and bone mineral density were tested using
linear regression considering the estimation of admixture by
1) a maximum-likelihood approach (MLA) and 2) a Bayes-
ian analysis.
Results: Both the conservative MLA and the Bayesian

approach support an association between African genetic
admixture and BMI. Evidence for the associations of Afri-
can genetic admixture with fat mass and fat-free mass was
supported by the Bayesian analysis; the MLA supported an
association with bone mineral density. When the individual
ancestry informative markers that were used to estimate
admixture were tested for associations with BMI, signifi-
cant associations were identified in chromosomes 1, 11,
and 12.
Discussion: These results provide evidence supporting the
application of admixture mapping methods to the identifi-
cation of genes that result in higher levels of obesity among
African-American women. Further research is needed to
replicate and further explore these findings.

Key words: genetics, African Americans, resting meta-
bolic rate, admixture, ancestry informative markers

Introduction
Although health disparities among races and ethnic

groups have been declared a priority for public health ini-
tiatives, the extent to which genetic and environmental
factors account for ethnic and racial differences in complex
traits such as obesity, cardiovascular disease, and diabetes
continues to be enigmatic. Efforts to identify genetic vari-
ations accounting for group differences in such complex
polygenic phenotypes continue to challenge researchers.

Most of the ethnic groups in the United States have
resulted mainly from the intermixing of European, African,
and Native-American populations during the colonization
and continued habitation of the New World. Genetic vari-
ants or alleles from these previously isolated parental pop-
ulations were brought together in new combinations estab-
lishing the gene pools of the various contemporary
European-, African-, Hispanic-, and Native-American resi-
dent populations. Consequently, individuals of these popu-
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lations, who inherit variants that predispose them either to
disease-related traits or to a greater sensitivity to environ-
mental exposure, will have a greater chance of acquiring the
disease.

Epidemiological evidence has supported differences
among individuals of various backgrounds in different obe-
sity-related traits, including BMI and resting metabolic rate
(RMR),1 particularly when African-American women are
compared with European-American women. For example,
obesity is more prevalent in African-American women than
their white counterparts, even after controlling for socioeco-
nomic status (SES) (1). In addition, there are reports of
lower levels of energy expenditure in African-American
women (2–5). Higher bone mineral density (BMD) in Af-
rican-American individuals when compared with European
Americans has also been reported (6,7). Because these
differences might result, in part, from the inheritance of
disease-predisposing alleles from parental populations, the
identification of such alleles may be a valuable tool for
exploring the genetic component contributing to these
health disparities. The estimation of the degree of parental
admixture on members of genetically admixed populations
has been described in the literature as an approach to iden-
tifying genetic influences of this sort (8–10). This approach
has been used by Williams et al. (11) to suggest a genetic
susceptibility for both diabetes and obesity by the negative
association between European admixture and prevalence for
type 2 diabetes and obesity in Pima Indians.

This study capitalizes on the estimation of the degree of
individual genetic admixture to identify genetic influences
in obesity-related traits using a specially selected panel of
ancestry informative markers (AIMs). Associations be-
tween individual estimates of genetic admixture with mea-
sures of body composition, bone density, and RMR are
tested in a sample of African-American women. Addition-
ally, these AIMs are tested for an association with these
phenotypes.

Research Methods and Procedures
Subjects

A total of 145 African-American women participated in
this study. Participants were recruited at three different sites
within the United States: Birmingham, Alabama (n � 46),
Baltimore, Maryland (n � 38), and Manhattan, New York
(n � 61). Only individuals for whom a quantitative value
for African genetic admixture (AFADM) was available
were included in the analyses; however, some individuals
had missing information of certain phenotypic variables.

Participation of subjects was in accordance with the regu-
lations of the Institutional Review Board at each site.

Body Composition
BMI was calculated from measured weight in kilograms

divided by height in meters squared. Body composition
measures of fat mass (FM), fat-free mass (FFM) and BMD
were obtained by DXA (Model DPX-L; Lunar Radiation
Corporation, Madison, WI) at each of the three sites.

RMR
RMR was obtained by indirect calorimetry. This proce-

dure consists of calculating energy expenditure and respi-
ratory quotient from the uptake of oxygen and the produc-
tion of carbon dioxide using the ventilated hood technique
during a 30-minute period. The RMR protocol at each site
has been provided elsewhere (3,12,13).

SES
Because of the possible confounding effect of SES a

crude measure of SES was obtained for 138 subjects by
assigning the median SES according to the zip code of the
subject’s residential area at the time of the study. Informa-
tion regarding the SES was obtained from the 1990 US
Census (http://www.facfinder.census.gov).

Genotyping
Genotyping was performed at The Pennsylvania State

University using melting curve analysis of single-nucleotide
polymorphisms (14) and agarose gel electrophoresis. Mo-
lecular techniques for the allelic identification of the mark-
ers have been described elsewhere (15,16). All markers
sequences, experimental details, and parental population
allele frequencies have been submitted to dbSNP database
(http://www.ncbi.nlm.nih.gov/SNP) under the submitter
identification handle PSU-ANTH.

Table 1 lists the markers used for the study, their chro-
mosomal location and approximate distance in centimor-
gans (cM), and their � value for African and European
parental populations, which refers to the difference in allelic
frequencies between parental populations. Markers WI-14867
and CYP3A4 were not genotyped in the sample from Mary-
land; instead, APOA1 and Sb19.3 were genotyped only in
this sample. Thus, every individual in the entire sample was
genotyped for a total of 18 markers.

Statistical Methods
Two different methods were used in the analysis of the

data collected: a maximum-likelihood approach (MLA),
where individual estimates of genetic admixture were cal-
culated by the method described by Hanis et al. (17), and a
Bayesian approach (BA) (10). In the MLA, the associations
between AFADM and the phenotypes were tested with a
conservative parametric linear model, and normality was

1 Nonstandard abbreviations: RMR, resting metabolic rate; SES, socioeconomic status;
BMD, bone mineral density; AIM, ancestry informative marker; AFADM, African genetic
admixture; FM, fat mass; FFM, fat-free mass; cM, centimorgan(s); MLA, maximum-
likelihood approach; BA, Bayesian approach.
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improved in certain variables by the use of transformations.
A log-transformation was applied to BMD and a square-root
transformation to FFM. BMI was transformed to 1/BMI, a
transformation previously used to improve linearity in sta-
tistical models for obesity-related research (2,18,19). Ref-
erences to FFM, BMD, and BMI as dependent variables
hereafter indicate the transformations described. No trans-
formation was necessary for FM or RMR.

Simple regression models, where each of the dependent
measures was regressed on AFADM, were used to detect
outliers, defined as observations for which the absolute
value of the standardized residual exceeded 3.0. No outliers
were detected in any of the phenotypic variables. A multiple
regression model was used to test the unique effect of
AFADM on the dependent variables BMD, BMI, FFM, FM,
and RMR. The values of RMR were adjusted by FM and
FFM. In each model, age, SES, and a set of two dummy
codes for the three sites were used as covariates. Because
SES was not a significant variable for any of these models,

it was eliminated from the covariates in the final analyses.
All the analyses for this approach were performed using the
linear regression option of SPSS (version 10; SPSS Inc.,
Chicago, IL).

In the BA (10), the genotypic data of all individuals in the
sample were used simultaneously to estimate individual
levels of admixture and regression parameters in a model
evaluating the association of admixture with the obesity-
related traits measured. The model allows for linkage be-
tween marker loci and allows observations with missing
data to be included. For each trait, the Bayesian model
includes two regression models: a least-squares regression
of trait on age, SES, site (two indicator variables for Mary-
land and New York, using Alabama as the baseline cate-
gory), and admixture; and a least-squares regression of SES
on site and admixture. Through this approach, the program
incorporates information about site and admixture when
sampling the posterior distribution of SES in the seven
individuals with missing values for income.

BMI (the only phenotype that showed significant associ-
ation with AFADM in both MLA and BA) was used as a
dependent variable in a regression model that tested for
association with genotype for each marker locus, adjusting
for age and site. In the MLA, the model was also adjusted
by the maximum-likelihood estimate of individual admix-
ture (calculated excluding the marker serving as the inde-
pendent variable). In the BA, this adjustment was not nec-
essary; a test for association of the trait with locus ancestry
(scored as 0, 1, or 2 gene copies of ancestry) is a specific
test for linkage with genes underlying the ethnic differences
in the trait (20). Score tests for this association were con-
structed by averaging over the posterior distribution as
described previously (10).

Results
Table 2 demonstrates descriptive statistics for the site-

specific admixture estimate, age, and body composition
variables. No significant differences were observed in levels
of African admixture among the three sites. However, age
significantly differed among the three sites (F � 103.6, p �
0.0001). When the mean values of the obesity-related phe-
notypes at each site were compared, significant differences
were observed for BMI (F � 29.03, p � 0.001), FM (F �
34.09, p � 0.001), FFM (F � 9.41, p � 0.001), and BMD
(F � 4.46, p � 0.013), as qualified by a one-way ANOVA.
After adjusting by FM and FFM, levels of RMR were not
significantly different among the three sites (F � 0.363, p �
0.696). Even after adjusting these variables by age, the
results remained the same: significant differences across
study sites in the body composition variables and no sig-
nificant differences in RMR.

R2 and significance values resulting from the association
between the obesity-related phenotypes and AFADM are
reported in Table 3. R2 values indicated in the table refer to

Table 1. Markers informative for estimating admix-
ture between African and European populations for
this study, their chromosomal and centimorgan loca-
tion, and their allelic difference, � (frequency in pop-
ulation 1 minus frequency in population 2), between
European and African parental populations (AF/EU)

Marker Location cM AF/EU

MID 575 1p34.3 �64 0.130
MID 187 1p34.1 �75 0.370
FY-NULL 1q23.2 �165 0.999
AT3 1q25.1 �191 0.575
WI-11392 1q42.2 �252 0.444
WI-16857 2p16.1 �79 0.536
WI-11153 3p12.3 �106 0.652
GC*1F 4q13.3 79 0.697
GC*1S 4q13.3 79 0.538
SGC30055 5q23.1 �120 0.457
CYP3A4 7q22.1 �111 0.761
LPL 8p21.3 �39 0.479
D11S429 11q11 �70.9 0.429
DRD2-Taq I “D” 11q23.1 �105 0.535
APOA1 11q23.3 �113 0.505
GNB3 12p13.31 �15 0.463
OCA2 15q13.1 �16 0.631
MC1R314 16q24.3 �133 0.350
WI-14867 17p13.2 �10 0.448
WI-7423 17p12 �16 0.476
Sb19.3 19p13.11 �49 0.488
MID 154 20q11.22 �50 0.444
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the contribution of AFADM on the dependent variable after
removing the contribution of covariates (i.e., “semi-partial”
R2 values). Significant R2 values were obtained for BMI and
BMD, whereas values for FM, FFM, and RMR (adjusted by
FM and FFM) were of borderline significance.

Table 4 shows the independent associations of genetic
markers with BMI. Four different markers were signifi-
cantly associated with BMI at the 0.05 probability level.
Results from the AFADM-adjusted models are also shown
in Table 4. The results of the adjusted models remained
significant even when the adjustment for the association
was performed using a value of admixture that included all
markers for the individual admixture estimate (data not
shown).

Results of the association between admixture and the
phenotypic measures using BA are demonstrated in Table 5.
The posterior means and 95% credible intervals from BA
are asymptotically equivalent (with large sample size and
noninformative prior distributions) to maximum-likelihood
estimates and 95% confidence intervals. A 95% credible
interval that does not overlap 0 is, thus, asymptotically
equivalent to a p value �0.05. The estimate of the mean of
population African admixture was 83% (95% credible in-
terval: 81 to 86), and there was no evidence that income was
related to admixture or that it differed among sites. The
Bayesian analysis supported associations of BMI, FM, and
FFM with African admixture with 95% credible intervals
that did not overlap zero. The results from the test for
linkage in the model with genes underlying ethnic differ-
ences in BMI supported only two loci (APOAI and GNB3)
with evidence for linkage significant at p � 0.05. Because
the test at locus APOAI uses additional information from the
adjacent locus DRD2TAQD, which is only 4 cM away, it is
not surprising that both DRD2 and APOA1 show associa-
tions in the same direction.

Discussion
Both the conservative MLA and the BA support an as-

sociation between AFADM and BMI. Evidence for the
associations of AFADM with FM and FFM is stronger with
the BA, which makes fuller use of the data, than with the
classical analysis; however, for BMD, the proximity of
overlap to 0 in the BA makes it equivalent to a p value just
�0.05. Nevertheless, the results of this investigation sup-
port the relevance of using AIMs in studying the genetics of
complex traits in admixed populations and suggest that the
differences in the prevalence of obesity-related phenotypes
among African-American and European-American women
could be partly attributable to genetic factors. These find-
ings also provide insight into the role of genes accounting
for racial differences in complex biomedical traits, suggest-
ing a genetic contribution to the well-documented higher
levels of BMI in African-American vs. European-American
individuals.T
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After establishing a significant association between
AFADM and BMI, it was intuitively reasonable to expect
similarly significant results with measures of FM and FFM
in the MLA. Only close-to-significant results for both phe-
notypes were shown by MLA, most likely because of the
small sample size, whereas the BA supported the expected
associations with both FM and FFM. Using BA, we noted a
significant association between AFADM and percentage of
body fat, which was not supported by MLA (data not
shown).

In the case of RMR, a small sample size might also have
explained the lack of association between AFADM and
RMR using the MLA. In the BA, the 95% posterior interval
for the effect of admixture overlaps zero, but with a very
wide range (up to 10 SDs), which might suggest that not
enough information was available to fit a complex model
with seven covariates. The association between AFADM
and RMR was somewhat expected, based on evidence from
epidemiological studies, wherein lower RMR levels have
been found in African-American compared with other
North-American, genetically admixed groups (3–5,13), and
yet the slope of the relationship between RMR and body
composition between African-American and African popu-

lations did not differ (21). Interestingly, on preliminary data
analysis, a significant association between RMR and
AFADM was observed in the New York sample, but not in
the Maryland or Alabama samples (data not shown). This
observation might provide insight into reported differences
in energy levels according to geographic location (22).
Future investigations relating the role of genetic admixture
to RMR in large samples of admixed populations are war-
ranted for enhancing understanding of this phenomenon.

Interpretations regarding the extent to which AFADM
explains variation in each of the studied phenotypes de-
serves discussion. The R2 values presented in Table 3 rep-
resent biased estimates of the association of admixture with
these phenotypes. In part, this is because of the lack of
information that the value of AFADM provides to the
model. AFADM ranged in the samples from 35 to 100;
therefore, no information is available at lower levels of
AFADM. Also, the R2 estimates depend on how much
AFADM varies among individuals, and the MLA tends to
underestimate the true relationship by not allowing for
uncertainty in the individual admixture estimates. Finally,
the sample was selected at some sites for extremes of BMI
that can inflate the estimate of proportion of variance.

Table 3. Results of the association between AFADM and the obesity-related phenotypes

Dependent variable Slope Lower CI Upper CI R2* p value

BMI �0.0000916 �0.0001583 �0.0000248 0.032 0.008
BMD 0.0003774 0.0000557 0.0006991 0.039 0.022
FFM 0.0099525 �0.0010960 �0.0210010 0.015 0.077
FM 0.1052679 �0.0169683 0.2275041 0.013 0.091
RMR �1.7783775 �3.8555188 0.2987637 0.011 0.093

* R2 values represent the amount of phenotypic variance accounted by AFADM, after removing the effect of covariates.

Table 4. Results of the associations of the independent markers and BMI using MLA

Phenotype Marker Location

p value

Nonadjusted* Adjusted†

BMI FY-Null 1q23.2 0.006 0.008
BMI AT3 1q25.1 0.087 0.021
BMI GNB3 12p13.31 0.009 0.025
BMI DRD2TAQD 11q23.2 0.013 0.016

* Nonadjusted refers to a statistical model where the estimate of the individual admixture considering all the markers was used as a covariate
in the regression model.
† Adjusted refers to the statistical model where an estimated value for individual admixture calculated after excluding the marker serving
as the independent variable was used as a covariate.
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Therefore, the percent variance explained is not necessarily
a meaningful measure of strength of association in relation
to observed ethnic difference. Nevertheless, the results of
the study support the hypothesis that AFADM contributes to
obesity traits in this population, characterizing the role of
genetics in observed racial/ethnic differences in these phe-
notypes. Future research using representative samples will
be needed to produce unbiased estimates of percent vari-
ance.

The genotype/phenotype associations described in the
results support previously reported findings for obesity-
related traits. The significant association in chromosome 1
for BMI occurred in a region close to the LMNA gene,
which has been associated with BMI in other populations
(23,24) and close to the locus at which Vionnet et al. (25)
reported suggestive linkage to type 2 diabetes. Variants of
the dopamine receptor in chromosome 11 (DRD2TAQD)
have also been associated with weight and height (26) and
BMI (27), and the GNB3 allele has been associated with
BMI in a number of populations (28,29). It is important to
reiterate that the association tests in this study were per-
formed using those AIMs, namely markers that have dem-
onstrated differences in parental frequencies, which were
available to the investigators. Although some of these AIMs
may be nonfunctional polymorphisms, the use of these
markers is appropriate because their association with the
phenotype allows the identification of chromosomal regions
influencing the trait. Given the limited amount of markers in
the panel tested in this study, only limited regions of the
genome were scanned. There are other regions across the
genome influencing obesity-related traits that were not
tested in this study because the regions were not defined in
our battery of markers.

In the MLA, several markers showed significant associ-
ation with BMI, even after adjustment for admixture. The
strongest association of a marker with BMI was with FY-
Null, which is almost perfectly informative for ancestry
because the null allele is almost fixed in West-African
populations and very rare in non-Africans. A limitation of
the MLA is that it relies on “plugging in” the maximum-
likelihood estimates of admixture into a regression model
that does not allow for the uncertainty in these measure-
ments. Thus, associations of the trait with marker loci may
persist after adjustment for admixture because of residual
confounding. In the BA, this uncertainty is correctly ac-
counted for by using a score test that averages over the
posterior distribution of admixture. However, the fact that
other associations with obesity-related traits have been re-
ported with regard to this region does not rule out the
possible involvement of the chromosomal region in explain-
ing ethnic and racial differences in obesity-related traits and
deserves further research.

Several other limiting aspects of the study deserve further
discussion. Although this investigation reports interestingT
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results, it is limited by a relatively small sample size and the
limited number of AIMs. The study did not measure any
cultural or environmental component that might influence
the phenotypes, and the proxy measure of SES, although not
significant in any of the model, was fairly crude and might
not necessarily reflect the SES of the subjects at the time of
participation in the study. The strength of environmental
effects on obesity is apparent from the large differences in
mean BMI among the three study sites, which were not
explained by differences in admixture. Without more de-
tailed measurements of social, economic, and behavioral
factors related to obesity, we cannot rule out confounding
by environmental factors as a possible explanation for the
observed relationship with admixture. Also, the design and
size of the study did not allow for the consideration of
models testing for possible interactions that might have
contributed to phenotypic variability.

This study supports the use of admixture mapping as a
tool to identify genetic influences in obesity traits, as pre-
viously proposed by Williams et al. (11). Further research is
needed with this approach, including the identification of
more markers, the consideration of other admixed popula-
tions, such as Afro-Caribbeans, the inclusion of environ-
mental measures, and the use of larger samples.
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