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ABSTRACT: Characterization of genetic admixture of populations in the Americas and the Caribbean is of interest for
anthropological, epidemiological, and historical reasons. Asthma has a higher prevalence and is more severe in populations
with a high African component. Association of African ancestry with asthma has been demonstrated. We estimated admixture
proportions of samples from six trihybrid populations of African descent and determined the relationship between African
ancestry and asthma and total serum IgE levels (tIgE). We genotyped 237 ancestry informative markers in asthmatics
and nonasthmatic controls from Barbados (190/277), Jamaica (177/529), Brazil (40/220), Colombia (508/625), African
Americans from New York (207/171), and African Americans from Baltimore/Washington, D.C. (625/757). We estimated
individual ancestries and evaluated genetic stratification using Structure and principal component analysis. Association of
African ancestry and asthma and tIgE was evaluated by regression analysis. Mean ± SD African ancestry ranged from
0.76 ± 0.10 among Barbadians to 0.33 ± 0.13 in Colombians. The European component varied from 0.14 ± 0.05 among
Jamaicans and Barbadians to 0.26 ± 0.08 among Colombians. African ancestry was associated with risk for asthma in
Colombians (odds ratio (OR) = 4.5, P = 0.001) Brazilians (OR = 136.5, P = 0.003), and African Americans of New York
(OR: 4.7; P = 0.040). African ancestry was also associated with higher tIgE levels among Colombians (β = 1.3, P = 0.04),
Barbadians (β = 3.8, P = 0.03), and Brazilians (β = 1.6, P = 0.03). Our findings indicate that African ancestry can account
for, at least in part, the association between asthma and its associated trait, tIgE levels.
Genet Epidemiol 37:393–401, 2013. C© 2013 Wiley Periodicals, Inc.
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Introduction

Race and ethnicity are complex constructs incorporating
social, cultural, and genetic factors. Populations that mi-
grated from continental Africa as part of the African Diaspora
were dispersed across the Americas, and their contemporary
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ancestors have varying proportions of African admixture de-
pending upon local demographic history and patterns of ad-
mixture, geographical location, and other factors [Via et al.,
2011; Wang et al., 2008]. Determination of the ancestral ori-
gin and extent of the hybridization is of great anthropological,
epidemiological, and historical interest and affords opportu-
nities to study the evolutionary biology of the ancestral as
well as the admixed populations.

Differences in African or other ancestry proportions be-
tween cases and controls is a confounding factor in ge-
netic association studies of admixed populations because
differences in admixture proportions among subgroups
can erroneously suggest association with disease instead of
ancestry at loci where allele frequencies differ between the
ancestral populations (e.g., population stratification) [Car-
don and Palmer, 2003; Spielman et al., 1993; Ziv and
Burchard, 2003]. This situation is typically addressed by
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genotyping ancestry informative markers (AIMs) to esti-
mate the individual ancestral proportions for major putative
parental populations in admixed groups, and even though
multiple approaches can be used, the underlying concept it to
incorporate those values represented either as proportions of
admixture or eigenvalues derived from principal component
analysis (PCA) in the model used to evaluate genetic associ-
ations [McKeigue, 2007; Patterson et al., 2006; Pritchard and
Rosenberg, 1999].

Alternatively, admixed populations provide a unique op-
portunity for interrogating the relationship between ancestry
components and those biological traits and diseases that have
different prevalences or degrees of severity among specific
ethnic groups [Winkler et al., 2010]. It is well established that
the prevalence, morbidity, and mortality of allergic airway
diseases, such as asthma, is disproportionately high among
individuals of African descent in the United States [Akinbami
et al., 2005, 2011; El-Ekiaby et al., 2006; Gold et al., 1993;
Lang et al., 2009; Lester et al., 2001; Moorman et al., 2007;
Nelson et al., 1997; Sarpong et al., 1996; Schwartz et al., 1990],
in African countries and countries with African admixture
(i.e., Latin America) [Pearce et al., 2007]. The Global Strat-
egy for Asthma Management and Prevention report suggests
that African ancestry itself is a risk factor [GINA, 2008]. The
usual source of airway inflammation in asthma is an im-
munoglobulin E (IgE)-mediated reaction initiated by expo-
sure to environmental allergens, and asthma is closely associ-
ated with serum total IgE (tIgE) levels [Burrows et al., 1989;
Marsh et al., 1974]. Higher serum tIgE levels have also been
observed among African Americans with persistent asthma
compared to whites and other ethnic groups [Grant et al.,
2000; Grundbacher and Massie, 1985]. The differences are
noticeable even early in life as described in a children cohort
selected from a multiethnic society, where black newborns
had significantly higher concentrations of cord blood serum
tIgE compared with whites newborns [Haus et al., 1988]. It is
unknown to what extent this is due to the environment versus
genetic factors; however, a number of genetic variants identi-
fied as risk variants for asthma and associated traits have been
shown to have significantly higher frequencies in individuals
of African descent compared to other racial and ethnic groups
[Barnes et al., 2007; Caggana et al., 1999; Green et al., 1998;
Maxwell et al., 2005; Ness et al., 2004]. Also, a significant
ancestry association peak on chromosome 6q14 (rs1361549)
was associated with asthma exclusively in African American
subjects with local European admixture [Torgerson et al.].

Previously, we observed an association between a well-
established AIM of African ancestry, the Duffy antigen recep-
tor for chemokines (DARC), and risk of asthma and high tIgE
levels in independent African-admixed populations [Vergara
et al., 2008]. Analyzing 44 AIMs, Choudhry and colleagues
also established that African ancestry in general increased the
risk for asthma among Puerto Ricans with higher socioeco-
nomic status compared to those with lower socioeconomic
status [Choudhry et al., 2006]. Kumar et al. demonstrated
that African ancestry was inversely related to forced expira-
tory volume in 1 sec (FEV1) and forced vital capacity (FVC) in
participants self-identified as African American in the Coro-

nary Artery Risk Development in Young Adults (CARDIA)
study, the Health, Aging, and Body Composition (HABC)
study, and the Cardiovascular Health Study (CHS) [Kumar
et al., 2010], and in a recent publication, African ancestry
was as predictor of early childhood wheezing in a prospective
birth cohort of 1,034 children [Kumar et al., 2012]. Similarly,
we estimated individual African ancestry using a panel of
52 AIMs in asthmatics and nonasthmatics from Cartagena
(Colombia, South America), and determined that African
ancestry was associated with a significant risk for asthma and
high tIgE levels [Vergara et al., 2009]. Taking in account the
relevance of replicating genetic associations [Chanock et al.,
2007] and to expand our analyses and interrogate the strength
of the association according to the degree of African ancestry
in the population, we enlarged the AIMs panel to include 237
markers, and extended these studies to include additional,
independent African Caribbean and African American pop-
ulations from Colombia, Barbados, Jamaica, Brazil, and the
United States. We estimated proportions of admixture of con-
tinental parental populations in those individuals and the re-
lationship between African ancestry and asthma and serum
tIgE levels.

Materials

Subjects

Barbadians

We included 467 Barbadian nonrelated individuals (190
cases and 277 nonasthmatic controls) from a study on the
genetics of asthma as previously described [Barnes et al.,
1996; Mathias et al., 2010] and in supplementary material
and methods.

Jamaicans

A sample of 706 unrelated individuals (177 asthmatics,
529 nonasthmatic controls) was recruited from Kingston, St.
Andrew, and St. Catherine, Jamaica as part of the Jamaican
Adolescent Asthma Study as described in supplementary ma-
terials and methods and in references [Ashley et al., 1988;
Tulloch-Reid et al., 2010]. All subjects provided informed
written consent to participate as approved by the University
of the West Indies, Mona campus.

Brazilians

Asthmatic (N = 40) and nonasthmatic (N = 220) nonre-
lated subjects were recruited in five rural communities (Buri,
Camarao, Genipapo, Sempre Viva, and Cobo) in the district
of Conde, Bahia, located in the North East Coast of Brazil
as described in detail elsewhere [Grant et al., 2011; Vergara
et al., 2008] and in Supporting Information material and
methods. Written consent was obtained from adult individ-
uals or parent or guardian of children as approved by the
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Johns Hopkins Bayview Medical Center and Universidade de
Federal de Bahia IRBs.

Colombians

A sample of 1,133 unrelated individuals (508 asthmatics
and 625 nonasthmatic controls) were recruited from the
Caribbean coastal city of Cartagena as described in detail
elsewhere [Vergara et al., 2008, 2009] and in Supporting
Information materials and methods. All subjects or their
guardian/responsible adult gave written consent for their in-
clusion in the present study as approved by the Bioethics
Committee of the School of Medicine of The University of
Cartagena.

African Americans

Two samples of self-reported African Americans were in-
cluded in this study. They were analyzed separately according
to the recruiting site and place of residency of individuals. (1)
A group of 1,382 individuals (625 asthma cases and 757 un-
related, unaffected controls) ascertained participating in Ge-
nomic Research on Asthma in the African Diaspora (GRAAD)
recruited in the Baltimore-Washington D.C. metropolitan
area and participants in the Baltimore Asthma Severity Study
(BASS) residents of Baltimore City; (2) A second group com-
prising 378 individuals (207 asthmatic cases and 171 nonasth-
matic controls) were recruited in New York and participated
in The Reducing Emergency Asthma Care in Harlem (REACH)
study. Details of these samples are described elsewhere [Ford
et al., 2001; Mathias et al., 2007; Murray et al., 2010; Pesola
et al., 2004] and in Supporting Information material and
methods. The study protocols, recruitment procedures, and
consent forms were approved by the Institutional Review
Board of Columbia University, Johns Hopkins University,
and Howard University.

tIgE Measurements

Sera were available in the Barbadian, Jamaican, Brazilian,
Colombian, and African American samples from Baltimore-
Washington, D.C. for measurements of tIgE as described pre-
viously [Vergara et al., 2008] and in supplementary Materials.
For all datasets, tIgE values were log-transformed to reduce
the skewness of the distribution. Measurements were not
available for African Americans from New York and for par-
ticipants of the BASS study.

Selection of AIMs and genotyping

We selected 237 AIMs distributed across 22 autosomes as
presented in Supporting Information Table SI. The mark-
ers were a subset of 416 AIMs previously selected [Murray
et al., 2010] from the 650Y panel based on a published list
of AIMs [Cheng et al., 2009] showing large allelic frequency
difference (δ) among the three putative parental populations

(European, African, and Asians) using HapMap Phase 2 ref-
erence populations (CEU, YRI, CHB), respectively.

Due to limitations in the availability of Native Ameri-
cans DNA samples, for this analysis, we used Asians as a
proxy for Native Americans because they are closely related
[Bamshad et al., 2004]. Genotypes on HapMap subjects were
downloaded from HapMart (http://hapmart.hapmap.org/
BioMart/martview), an extension of the HapMap data re-
source. A marker was considered informative if 0.30 differ-
ence of the allelic frequencies existed between any of two
parental groups. Blood samples were collected from all sub-
jects and genomic DNA was extracted using standard pro-
tocols. Samples were genotyped according to the manufac-
turer’s protocol at the Center for Inherited Disease Research
on an Illumina BeadStation 500G Golden Gate genotyping
platform using a custom panel (GS0011473-OPA). Geno-
typing plates were balanced by gender and asthma status
and HapMap DNA samples and duplicates were included as
genotyping controls.

Methods

Statistical Analysis

Comparisons of the demographic characteristics among
asthmatics and nonasthmatics were performed by means of
Student’s t-test and χ2 test as needed using STATA software
(StataCorp. 2009. Stata Statistical Software: Release 11. Col-
lege Station, TX: StataCorp LP.). Arlequin version 3.11 soft-
ware [Excoffier et al., 2005] was used to calculate allele and
genotype frequency of the AIMs, departure of genotype fre-
quencies from Hardy-Weinberg equilibrium (HWE), link-
age disequilibrium between each pair of markers (as an in-
dicator of stratification) independently for each sample set
and genetic differentiation among the analyzed populations
using FST genetic distances [Reynolds et al., 1983; Slatkin,
1995]. Average population admixture and individual admix-
ture estimates for each sample set were determined using
a model-based clustering method by grouping data for the
total sample in three ancestral populations (K = 3) to re-
flect the admixture history in the Caribbean and North and
South America with the software Structure (version 2.3.3,
http://pritch.bsd.uchicago.edu/software) and assessment of
stratification was done by using PCA using the smartpca pro-
gram from the software package eigenstrat [Patterson et al.,
2006] including the three putative ancestral populations as
reference. We investigated the relationship between disease
status and African ancestry by logistic regression analysis us-
ing disease status as the dependent variable and individual an-
cestry as independent variable, while adjusting for potential
confounders (age, sex). To determine associations of African
ancestry with tIgE levels, a linear regression model was used
incorporating age, sex, and disease status as covariates. When
needed, Glmperm and lmperm packages in R were used to
perform permutation analysis to confirm the association re-
sults with asthma and tIgE, respectively. For the association of
African ancestry and tIgE levels, meta-analysis P-values were
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computed using Stouffer’s Z-score method [Stouffer et al.,
1949].

Results

Subjects

Clinical and demographic characteristics of asthmatics and
nonasthmatics in each sample are presented in Table I. Mean
tIgE concentrations for each population were similar to those
described previously [Grant et al., 2008; Vergara et al., 2009,
2008], wherein Brazilians showed higher tIgE levels than the
other samples, most likely due to the high prevalence (83.5%)
of extracellular parasitic disease in this population [de Jesus
et al., 1993]. tIgE was significantly higher in asthmatics com-
pared to nonasthmatics in all samples sets (P ≤ 0.001) except
Brazilians (P = 0.64). Results about allelic frequencies, HWE,
genetic differentiation, and genetic structure are presented as
supplementary material.

Admixture Estimates

Average (±SD) population admixture estimate proportions
are presented in Table II and individual admixture estimates
are presented in Figure 1. The distribution of the African an-
cestry proportions are displayed as box plots in Supporting

Information Figure S1. Mean (SD) population African ances-
try was highest in West Indians (Jamaicans, 0.76 ± 0.10; Bar-
badians, 0.76 ± 0.10) and African Americans from New York
(0.70 ± 0.15) and Baltimore-Washington D.C. (0.69 ±0.12)
and lowest in the two South American samples (Brazilians,
0.45 ± 0.12; Colombians, 0.33 ± 0.13). The average Euro-
pean component ranged from a low of 0.14 ± 0.005 among
Jamaicans and Barbadians to a high of 0.26 ± 0.08 among
Colombians. The average Asian ancestry ranged from 0.08 ±
0.06 among Barbadians to 0.40 ± 0.13 among Colombians.
There was a significant correlation between the first principal
component and the estimates of individual African ancestry
in each of the samples (Spearman’s ρ > 0.98, P < 0.0001 for
each pair of comparisons).

Association of African Ancestry and Asthma and tIgE

Table III summarizes results of regression analyses of
African ancestry and asthma and tIgE. African ancestry was
associated with a significant risk for asthma among several
populations. The odds ratio (OR) for asthma is associated
with a unit increase in African admixture proportion (from
0 to 1). It was significant for Colombians (OR: 4.5; 95% CI:
1.79–11.27; P = 0.001), Brazilians (OR: 136.5; 95% CI: 5.4–
3405.6; P = 0.003), and African Americans of New York (OR:
4.7; 95% CI: 1.07–21.0; P = 0.04). In Brazilians, permutation

Table I. Descriptive characteristics of six African ancestry populations

Male gender Age Total IgE†

Populations N (%) N (%) P value Mean (SE) P value Geom. mean (95%CI) P value

Barbadians Asthmatics 190 (40) 67 (0.35) 40.1 (0.79) 660.6 (389.0–1096.4)
0.02 0.0001 0.001

Controls 277 (59) 128 (0.46) 45.9 (0.71) 239.8 (186.2–301.9)

Jamaicans Asthmatics 177 (25) 80 (45) 18.8 (0.04) 213.8 (177.8–257.0)
0.51 0.7 0.001

Controls 529 (75) 256 (48) 18.8 (0.03) 120.2 (107.1–134.8)

Brazilians Asthmatics 40 (15) 12 (30.0) 37.4 (3.30) 2526.5 (1769.7–3606.9)
0.06 0.07 0.6

Controls 220 (85) 79 (35.9) 43.6 (1.23) 2294.1 (1957.6–2683.8)

Colombians Asthmatics 508 (45) 125 (24.6) 31.6 (0.73) 279.9 (247.1–318.0)
0.001 0.001 0.001

Controls 625 (55) 309 (49.4) 36.7 (0.68) 424.6 (380.2–468.8)

African American (New York†) Asthmatics 207 (55) 129 (62.3) 40.3 (0.42) NA
0.001 0.005 NA

Controls 171 (45) 73 (42.6) 37.6 (0.87) NA

African Americans Asthmatics 625 (45) 343 (45) 25.7 (0.62) 400.21 (342.9–467.0)
0.8 0.001 0.001

(Baltimore-Washington, D.C.)‡ Controls 757 (54) 323 (52) 33.2 (0.51) 187.4 (161.3–217.7)

*NA: Not available; † Plus-minus values are means ± SE. Log-transformed total IgE concentrations measured in ng/ml. †REACH, Reducing Emergency Asthma Care in Harlem.
‡BASS, Baltimore Asthma Severity Study; GRAAD, Genomic Research on Asthma in the African Diaspora.

Table II. African, European and Asian ancestry proportions for Barbadians, Jamaicans, Brazilians, Colombians and African Americans

Ancestry proportions (Mean, SD)

African European Asian

Non asthmatic Non asthmatic Non asthmatic
Population Total Asthmatics Controls Total Asthmatics Controls Total Asthmatics Controls

Barbadians 0.76 (0.10) 0.77 (0.11) 0.77 (0.10) 0.14 (0.05) 0.14 (0.04) 0.14 (0.05) 0.08 (0.07) 0.08 (0.08) 0.09 (0.06)
Jamaicans 0.76 (0.10) 0.76 (0.09) 0.77 (0.10) 0.14 (0.05) 0.14 (0.04) 0.14 (0.05) 0.09 (0.07) 0.10 (0.08) 0.09 (0.08)
Brazilians 0.45 (0.12) 0.52 (0.12) 0.45 (0.12) 0.19 (0.06) 0.18 (0.07) 0.19 (0.07) 0.34 (0.12) 0.29 (0.14) 0.35 (0.13)
Colombians 0.33 (0.13) 0.35 (0.13) 0.32 (0.14) 0.26 (0.08) 0.26 (0.08) 0.26 (0.08) 0.40 (0.13) 0.39 (0.13) 0.42 (0.13)
African Americans (New York) 0.70 (0.15) 0.71 (0.14) 0.68 (0.16) 0.15 (0.05) 0.15 (0.05) 0.15 (0.05) 0.14 (0.12) 0.14 (0.13) 0.16 (0.14)
African Americans 0.69 (0.12) 0.70 (0.14) 0.70 (0.12) 0.15 (0.05) 0.15 (0.06) 0.15 (0.05) 0.14 (0.12) 0.14 (0.11) 0.15 (0.13)

(Baltimore-Washington, D.C.)
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Figure 1. Individual admixture estimates by Structure for Barbadians (N = 467), Jamaicans (N = 706), Brazilians (N = 260), Colombians (N = 1,133),
African Americans from New York (N = 378) and African Americans from Baltimore-Washington, D.C. (N = 1,382). Included are the putative parental
populations available in HapMap (CEU, CHB, and YRI).

Table III. Results of regression analyses of African ancestry
proportions and asthma and tIgE levels for Barbadians,
Jamaicans, Brazilians, Colombians and two African American
samples

Asthma Total serum IgE levels
Population (OR, 95% CI, P value)* (β, 95% CI, P value)**

Barbadians 1.1 (0.16–6.9;0.9) 3.8 (1.1–13.1;0.03)
Jamaicans 0.8 (0.22–3.1;0.8) 1.0 (0.7–1.4;0.9)
Brazilians 136.5 (5.4–3406;0.003) 1.6 (1.1–2.6;0.03)
Colombians 4.5 (1.79–11.27;0.001) 1.3 (1.01–1.7;0.04)
African Americans (New York) 4.7 (1.07–21.04;0.04) NA#

African Americans 1.1 (0.50–2.81;0.7) 0.99 (0.6–1.7;0.9)
(Baltimore-Washington, D.C.)

*Adjusted by age and sex; **Adjusted by age, sex and asthma status. #NA = Not
available. The odds ratio (OR) for asthma is associated with a unit increase in African
admixture proportion (from 0 to 1).

analysis confirmed the association (P = 0.001). Principal com-
ponent plots for each sample of each population are shown
in Supporting Information Figure S2. The plotted individ-
uals are discriminated by affection status. For the Jamaican
and the two African American populations, cases and con-
trols clustered together and there was no significant difference
in the distribution of the first principal component among
asthma cases and nonasthmatic controls for each sample. For
Colombians and Brazilians and African Americans from New

York, a significant difference was found when comparing the
distribution of the first principal component among cases
and nonasthmatic controls (P < 0.001).

Of the five samples with tIgE data available, African an-
cestry was associated with tIgE levels in Colombians (β: 1.3;
95% CI: 1.01–1.7; P = 0.04), Barbadians (β: 3.8; 95% CI:
1.1–13.1; P = 0.030), and Brazilians (β: 1.6; 95% CI: 1.1–2.6;
P = 0.03; Permutation P = 0.05). No relationship between
African ancestry and asthma or tIgE was detected among the
Jamaicans or African American of Baltimore-Washington,
D.C. No relationship between ancestry and asthma or tIgE
was detected among the Jamaicans or African American of
Baltimore-Washington, D.C. No associations were observed
between European ancestry and asthma and/or tIgE in any of
the datasets. Supporting Information Figure S4 graphically
shows the effect (β) and 95% CI for the association of African
ancestry and tIgE levels in each one of the analyzed popu-
lation and the P-value calculated for all populations. The
P-value of the meta-analysis of the five analyzed populations
was statistically significant (P = 0.019).

Discussion

In this study, we determined the admixture propor-
tion of six samples from populations of African descent
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representing geographical regions across Continental Amer-
ica and two islands in the Caribbean, for which the African
Diaspora figured prominently in the demographic history
of these populations. We also investigated the association
of African ancestry and asthma and tIgE levels including a
sample of considerable size for each population and a com-
prehensive panel of AIMs distributed across the genome.

We included only self-reported unrelated individuals in
each of the analyzed populations to minimize the potential
effect of relatedness in calculations of allelic frequencies of
the AIMs and consequently in the ancestry estimates and as-
sociation analysis. Also, African Americans from Baltimore-
Washington DC, African Americans from New York and Bar-
badians included in this study were previously analyzed using
a Genome Wide Association Study (GWAS) panel of and all
individuals identified as related by IBD analysis were removed
from the dataset prior to this analysis [Mathias et al., 2010].
Additional cryptic relatedness could be elucidated by a larger
panel of markers in the other populations but we do not think
it would have a significant effect on our association analysis.
We observed a wide range of average proportions of parental
populations across the samples and a significant association
of African ancestry and asthma and serum tIgE levels. To
date, measured by number of populations included, sample
size per populations, and number of AIMs, this is one of the
largest studies to analyze ancestry proportions and the rela-
tionship with asthma and tIgE in populations of the Americas
and the Caribbean.

Although each one of the analyzed populations has a
unique history, they share certain characteristics regarding
to the dynamics of the admixture process. Historical records
indicate that there were generally three parental populations,
West Africans, Europeans, and Native Americans. The pro-
cess of admixture extended across Latin America and the
Caribbean during the 15th through 19th centuries, includ-
ing the arrival of Europeans (predominantly Spanish, Por-
tuguese, and British) and the extinction of Native Americans
converging with the arrival and expansion of African slaves,
largely from West Africa during the 16th and 19th centuries.
Nevertheless, the analyzed populations underwent diverse
patterns of admixture given the location of settlement of the
parental populations approximately 500 years ago [Curtin,
1969; Salzano, 2002; Sanchez-Albornoz, 1974; Thomas
1997].

In several previous genetic studies evaluating samples from
the same contemporary countries of continental America in-
cluded in the current study, ancestry estimates vary by re-
gion, as displayed in Supporting Information Table SIII. Sev-
eral factors contributed to make up the current genetic pool
including admixture, genetic drift, migration, and recent ge-
netic flow [Winkler et al., 2010]. Asian ancestry estimates,
which are a surrogate for Native American ancestry are the
lowest of the three parental components in Barbadians, Ja-
maicans, and African Americans. Asian ancestry estimates
obtained with this set of AIMs showed a large variation, and,
we conclude these estimates may well be erroneous rather
than indicative of admixture in contrast to estimates for the
other two parental populations. It is well known that the Na-

tive American population was decimated and exterminated
along the whole continent either by disease or labor [De las
Casas, 1985; Simon, 1953; Williams, 1984]. For instance, there
was a rapid annihilation of the Arawak population following
colonization of the Spaniards from 1494 to 1655 in Jamaica;
a similar history was described for the Caribs and Arawaks in
Barbados [Rouse, 1992] and for the Caribs and Taironas in
Cartagena [Meisel and Aguilera, 1997].

We found a predominant proportion of African ancestry
and a low proportion of European ancestry in the popula-
tions of the Caribbean Islands. According to the records, the
number of African slaves brought to work in the sugar planta-
tion in Barbados was around 900,000 [Pepin, 2005] and out-
numbered European settlers by a proportion of 20:1 [Simms
et al., 2010]. Europeans were also decimated by disease and
the predominant population that finally contributed to the
contemporary genetic pool was of African origin [Benn-
Torres et al., 2008; Knight, 1997]. A history that is very
similar to that described in the island of Jamaica [Benn-
Torres et al., 2008]. In continental America, a highly diverse
genetic makeup has been noted previously including territo-
ries of Colombia and Brazil (Supporting Information Table
SIII). Local history, diversity of the geography, as well as so-
cial and economic factors may have played a crucial role in
the dynamic of admixture after the first admixture event.
African admixture is especially pronounced in the coastal
states, which underwent a social history similar to the rest
of the Caribbean, whereby African slaves were imported as
agricultural labor. In Colombia, a higher African ancestry has
been detected in those places that were port of entry for slaves
(Cartagena, Choco) or located in the route of transportation
of slaves trough the inner country and those regions close
to the original sugar cane plantations [Rojas et al., 2010].
A high variation in admixture proportions has also been
observed in different regions of Brazil among and within
studies, however there has been a pattern observed indicat-
ing higher European ancestry in southern Brazil compared
to the north as well as isolated populations of predominant
African descent that do not follow this pattern [Pena et al.,
2009; Santos et al., 2010]. If we compare our results to pre-
vious ones in the included populations (Supporting Infor-
mation Table SIII), the estimates obtained are slightly differ-
ent to those described before which can be attributable to
the markers chosen, the samples analyzed, and the statistical
methods used in the studies. Nevertheless, we consider that
the admixture estimates obtained using this panel of markers
is accurate. The current estimates are very consistent with
those obtained with a significant higher number of markers
in the same individuals of Barbados and African Americans of
Baltimore-Washington DC [Murray et al., 2010] and the esti-
mates obtained for the Colombian population were different
compared with those obtained in the same individuals using
a panel of 52 AIMs [Vergara et al., 2009]. These patterns of
variation in ancestry across countries seem to be a common
feature across the Americas even in small islands as Puerto
Rico [Via et al., 2011]. This has large repercussion for genetic
association studies in Latin American populations, given the
high probability of population stratification, even in samples
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from a single country or a geographic region, and highlights
the relevance of correcting by using ancestry estimates in any
genetic association study in these populations.

We observed a pattern correlating the geographic prox-
imity of the samples and the genetic differentiation values
observed with two independent statistical approaches (FST

values and PCAs, Supporting Information Table SII and Fig-
ure S2). Brazilians and Colombians tended to cluster together
(FST: 0.02, P = 0.001), close to the CEU samples and fur-
ther apart from the West African cluster. In contrast, African
Americans, Barbadians, and Jamaicans clustered very closely
to each other and to the YRI samples, which is consistent
with the low level of genetic differentiation detected by the
FST statistic in those groups.

In this study, we found that African ancestry conferred a
significant risk for asthma and higher levels of serum tIgE
in comparison with non-African ancestries. The associations
were not due to potential confounders as gender and age. We
previously observed the association of African ancestry with
asthma and tIge levels in family-based association analyses in-
vestigating the relationship between a unique polymorphism
in the gene encoding the DARC, a well-known marker of
African ancestry as conferring risk for asthma and tIgE in a
similar group of populations [Vergara et al., 2008]. In sub-
sequent analyses, we investigated a Colombian case/control
database and genotyped a set of 52 AIMs with similar re-
sults (OR for asthma associated with African admixture was
2.97 (95% CI: 1.08–8.08) and for tIgE 1.9 (95% CI: 1.17–
3.12) [Vergara et al., 2009]. In this case, we replicated our
findings with the same direction of the effect for asthma
and tIgE in Brazilians and in Colombians (this time using
a larger dataset and a higher number of AIMs), for asthma
in African Americans from New York, and for tIgE in Bar-
badians. When comparing our results to those described in
other admixed populations, we found that outcomes varied
according to the populations and phenotype analyzed, de-
sign of the studies, and covariates included. Our results are
highly consistent with those recently published for African
Americans of the REACH cohort, where it was determined
an OR of 1.16 (95% CI: 1.06–1.28; P = 0.002) for the risk of
asthma per 10% increase of African ancestry after correcting
by age, gender, and study site [Flores et al., 2012]. Similarly,
in a Puerto Rican population, asthma risk increased with
African ancestry among individuals with higher socioeco-
nomic status [Choudhry et al., 2006] and European ancestry
conferred risk for asthma in those from lower socioeconomic
status [Choudhry et al., 2006]. In Mexican Americans, higher
European ancestry was significantly associated with more se-
vere asthma as measured by both FEV1 and by a clinical as-
sessment of severity among Mexican Americans [Salari et al.,
2005]. There are some differences between Salari et al.’s study
and the current study, however, that may explain the dis-
crepancy in the results, including the analyzed phenotypes
(FEV1 vs. asthma/IgE) and the ancestries analyzed (Euro-
pean compared to Native American vs. African compared to
European/Asian). Moreover, among Mexican Americans, the
African component is low and not evaluable. In terms of IgE,
even though the phenotype is not identical, our result are

similar to those described by Kumar et al., who determined
that African ancestry was associated with increased odds of
peanut and milk specific IgE levels of ≥5 kUA/L in children
from an urban multiethnic birth cohort [Kumar et al., 2011].

Individual genetic ancestries as determined by AIMs have
been also described as an important determinant of vari-
ation of multiple traits and/or susceptibility to other dis-
eases. Among African American, Hispanic American, and
European American children, a greater African admix-
ture proportion has been associated with lower fat mass,
lower total abdominal adipose tissue, lower intraabdominal
adipose tissue, lower subcutaneous abdominal adipose tis-
sue, and higher bone mineral content, after adjusting for
socioeconomic status, sex, age, height, race/ethnicity, and
pubertal status [Cardel et al., 2010]. Percentage of African
ancestry was also inversely associated with function measure-
ments (FEV1, FVC) in three independent cohorts of African
Americans across a wide range of ages [Kumar et al., 2010].
In our study, we observed no associations between African
ancestry and asthma in the African American group from
Baltimore-Washington, D.C, Barbadians, and Jamaicans. The
lack of association with asthma observed these populations
could be attributed to the low variance of the African ances-
try proportions in these populations (Supporting Informa-
tion Figure S1) and low proportions of European and Asian
ancestries, which in turn underpowered the comparisons.
Among African Americans from the Baltimore-Washington
D.C. metropolitan area, the sample size had power of only
0.25 to detect an OR of 4, given the European ancestry pro-
portions and the case/control relation in those populations
[Gauderman, 2006]. Power was even lower for Jamaicans
and Barbadians, where a considerably larger sample size
(N = 2,757 for Barbados and N = 2,182 for Jamaica) would
be required to adequately evaluate the effect. Environmental
factors, effect of socioeconomic status, different strategies for
recruiting that potentially determine light differences in the
asthma phenotype can also account for the lack of association
in those groups.

The replication of our results in several populations with
the same direction of the effect provide evidence that ge-
netic factors contained in the African genetic component
of hybrid populations contribute to ethnic disparities for
asthma, and that studying populations of West African de-
scent should help to identify additional genetic risk factors as-
sociated with asthma susceptibility. For example, Choudhry
et al. performed admixture mapping for asthma including
Puerto Rican individuals with moderate-to-severe asthma
and nonasthmatic controls and identified chromosomal re-
gions 5q23.3 and 13q13.3 as potential regions harboring
genes for asthma in this population [Choudhry et al., 2008].
Differences in association in candidate genes for asthma ac-
cording to ancestry have also been identified, indicating that
specific and maybe different genetic risk factors account for
asthma susceptibility in African descent populations com-
pared with European descent populations [Barnes et al.,
2007; Baye et al.]. We are aware of several caveats in our
study design, one of which is the use of Asian populations
as representative of Native American populations. Another
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limitation is the lack of adjustment by socioeconomic status,
a potentially critical confounder. Even though the Colom-
bian samples used in this study were selected using the same
approach as a previous report, in which the association of
African ancestry and asthma remained after correcting for
socioeconomic status [Vergara et al., 2009], we did not have
access to the same level of socioeconomic status in the other
populations in this study, and were therefore unable to eval-
uate the effect of this potential confounder. In summary,
among populations of African descent distributed in differ-
ent areas of the Americas and the Caribbean, African ancestry
confers a significant risk for asthma and high tIgE levels. Pop-
ulation structure is an important confounding factor that can
be efficiently corrected with this comprehensive set of mark-
ers in any future association studies. These populations are
an excellent tool to examine loci associated with asthma and
tIgE by admixture mapping.
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