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ABSTRACT

The US Latino population is heterogeneous with
diversity in environmental exposures and socioeco-
nomic status. Moreover, the US Hispanic population
derives from numerous countries previously under
Spanish rule, and many Hispanics have complex pro-
portions of European, Native American, and African
ancestry. Disparities in asthma severity and control
are due to complex interactions between envi-
ronmental exposures, socioeconomic factors, and
genetic variations. In addition, diseases within the
Latino community may also differ by country of ori-
gin. Although US Census data show low asthma rates
in the Hispanic population as a whole, there is a
lot of variability in the prevalence and morbidity
of asthma, with a prevalence of 5.0% in Mexican
Americans versus 17.0% in Puerto Ricans. The diver-
sity and population admixture make the study of
the genetics of asthma complex in Latino popula-
tions. However, an understanding of the genetics
of asthma in all populations, including the Latino
population, can enhance risk identification, help us
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to target pharmacological therapy, and guide envi-
ronmental regulations, all of which can promote
a reduction in health disparities. The inclusion of
markers of ancestral diversity and the incorpora-
tion of techniques to adjust for stratification now
make these studies feasible in complex populations,
including the Latino population. To date, studies
using linkage analyses, genome-wide associations, or
candidate gene analyses have identified an associ-
ation of asthma or asthma-related phenotypes with
candidate genes, including interleukin 13, β-2 adren-
ergic receptor, a disintegrin and metalloproteinase 33,
orosomucoid 1-like 3, and thymic stromal lymphopoi-
etin. As reviewed here, although these genes have
been identified in diverse populations, limited stud-
ies have been performed in Latino populations, and
they have had variable replication. There is a need for
the development of registries with well-phenotyped
pediatric and adult Latino populations and subgroups
for inclusion in the rapidly expanding field of genetic
studies, and these studies need to be used to reduce
health disparities. Mt Sinai J Med 77:140–148,
2010.  2010 Mount Sinai School of Medicine
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Large-scale surveys conducted by the Centers for
Disease Control and Prevention and the National
Center for Health Statistics have estimated that
16.4 million adults (7.3%) and 7.0 million children
(9.4%) in the United States currently have asthma,
with a total lifetime asthma diagnosis prevalence
of 7.7%.1 These statistics vary geographically within
the United States, with urban areas reporting higher
rates of asthma, including a 12% self-reported
lifetime prevalence of asthma among adults in
New York City.2 Although asthma is common
in urban environments and is associated with
socioeconomic status, the prevalence and severity of
asthma also vary by race/ethnicity. In 2005–2007,
the time period reported in the National Center
for Health Statistics study, the rates of lifetime
asthma diagnosis, current asthma, and asthma
attacks were highest among American Indians/Alaska
natives and blacks or African Americans in both
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adults and children.1 Hispanic adults and children
had lower rates of lifetime asthma diagnosis,
current asthma, and asthma attacks in comparison
with non-Hispanic whites and non-Hispanic blacks,
with an overall prevalence of 5.4%.3 However,
it is now clear that the Hispanic population in
the United States is heterogeneous, and better
characterization of this population will help improve
our understanding of asthma in this population.
In the US Census data, the term Hispanic refers
to peoples with roots in Spain or in areas that
were previously under Spanish control, including
Mexico, much of Central and South America, and
some Caribbean islands.4 As shown in data from
the 2000 US Census, the 35.2 million Hispanics in
the US population derive from a wide range of
countries and geographic areas: 59.3% of Hispanics
in the United States were from Mexico; 22.3% traced
their ancestry to Puerto Rico, Central America, South
America, or Cuba; and 18.3% came from other
areas.5 Importantly, 47.9% of Hispanics characterized
their race as white, and 42.2% characterized their
race as other. The country of origin is relevant for
asthma prevalence because it varies throughout Latin
America, with Mexico having the lowest childhood
prevalence and Costa Rica having the highest.6

Hispanic adults and children had
lower rates of lifetime asthma
diagnosis, current asthma, and
asthma attacks in comparison
with non-Hispanic whites and
non-Hispanic blacks, with an
overall prevalence of 5.4%.

This heterogeneity in asthma prevalence, symptoms,
and severity in the Hispanic population has been
seen in many studies, and indeed, on closer analysis
of the 2000 US Census data, although Hispanics as
a whole had a low asthma prevalence, there was
great variation in the rates, with a prevalence of 5.0%
in Mexican Americans and a prevalence of 17.0% in
Puerto Ricans.1

The country of origin is relevant
for asthma prevalence because it
varies throughout Latin America,
with Mexico having the lowest
childhood prevalence and Costa
Rica having the highest.

In the United States, 90% of the US Mexican
population lives in the Southwest, and 68% of the
US Puerto Rican population lives in the Northeast;
the question could be raised whether the differences
in asthma prevalence among Hispanics of varied
ancestry are due to environmental exposures and
confounders.7 Studies within urban areas, however,
suggest that environmental exposure incompletely
explains this variation. In New York City, asthma
prevalence is highest among Puerto Rican children,8,9

and this increase in prevalence persists even after
adjustments for the neighborhood and income
level.10 Puerto Rican adults in the New York City
Community Health Survey have a higher asthma
prevalence than other Hispanic subgroups and
Hispanics born outside the United States, and the
increased prevalence is only partially explained by
age, sex, socioeconomic status, or other potential
confounders.11 In Chicago, the overall prevalence
of asthma in children is 12.9%; however, there is
variation between neighborhoods, and some but
not all of the variation is explained by race.12 An
analysis of the National Health Interview Survey data
for children in all 50 states of the United States
shows that Puerto Rican children have the highest
burden of asthma, whereas Mexican children have
the lowest.13 In contrast to other Hispanic subgroups
in which birth outside the United States is associated
with a lower risk for asthma, the prevalence for
asthma in the Puerto Rican population is increased
in island-born children.13 The high prevalence of
asthma in specific Hispanic subgroups reinforces the
need to study asthma in these groups. Moreover,
the heterogeneity of asthma prevalence in Hispanic
subgroups suggests that epidemiological and genetic
studies need to incorporate ancestral information as
well as environmental exposures.

GENETIC STUDIES AND
ASTHMA DISPARITIES

The differences in asthma prevalence with the coun-
try of origin suggest a complex relationship between
ancestry and asthma susceptibility in the Hispanic
population.

The differences in asthma
prevalence with the country of
origin suggest a complex
relationship between ancestry and
asthma susceptibility in the
Hispanic population.
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The association between Puerto Rican ethnicity
and asthma prevalence and morbidity suggests
that multiple factors, including genetic ones, may
participate in the association. How these additional
factors, including genetics, can promote the reduction
in health disparities has been outlined in an excellent
review.14 As discussed in the review, rare variants,
or susceptibility alleles with low frequency (≤2%)
in the general population, may be found only
in certain ethnic groups, and this reinforces the
need to study diverse populations. Identification
of these variants can provide specific insight into
a disease in the selected ethnic population and
may also provide insight into the biology of the
disease. Second, disease susceptibility alleles that
are common in some ethnic groups may be more
or less common in other groups. Ample examples
of this exist for genetic diseases such as cystic
fibrosis, Tay-Sachs disease, and factor V Leiden,
and screening for the presence of disease may be
helped by an understanding of the allelic frequencies
of variants in different populations. Third, genetic
variants may affect therapy, and an understanding of
the interactions between these genetic variants and
specific therapeutic interventions as well as their
prevalence in a population may have significant
treatment implications. Finally, disease risk may be
altered by the interaction between genetic variants
and environmental interactions. Understanding this
may be critical for disease prevention and may
influence legislation for disease reduction. The
Clean Air Act is an important example in which
this potential exists.15 Under the Clean Air Act,
the Environmental Protection Agency sets National
Ambient Air Quality Standards for 6 pollutants
(carbon monoxide, lead, nitrogen dioxide, ozone,
sulfur oxides, and particulate matter). Standards are
based on the need to protect public health and
the protection of sensitive human subpopulations.
The definition of sensitive human subpopulation has
been argued to include those identified by genomics
(Interim Policy on Genomics, US Environmental
Protection Agency, 2002). Thus, there is a potential
role for genetic information to be included in the
process for developing air quality standards.

COMPLEXITY OF STUDYING
GENETICS, RACE AND ETHNICITY,
AND HEALTH DISPARITIES IN THE

LATINO POPULATION

The study of genetics in the Latino population is not
a trivial matter. The expression of genetic variants is

modified by huge environmental effects of pollution,
allergen exposure, social stressors, and comorbid
conditions. The relative importance and use of
race/ethnicity in biomedical research and genetics
are controversial, and the importance is debated.16

The expression of genetic variants
is modified by huge
environmental effects of pollution,
allergen exposure, social stressors,
and comorbid conditions. The
relative importance and use of
race/ethnicity in biomedical
research and genetics are
controversial, and the importance
is debated.

Moreover, there is not complete agreement on the
definitions of ethnicity and race.17 The concepts of
race and ethnicity include connotations that reflect
culture, history, socioeconomics, linguistics, and
political status, although race has been considered
to be characterized by the primary continent of
origin.17–20 Recent studies that assess the relationship
of self-reported race and genetic ancestry with
allergic sensitization in a non-Latino population
provide conflicting data about the importance of
the use of race/ethnicity; in one study, self-
reported African American race was associated with
allergic sensitization, asthma, and high total serum
immunoglobulin E (IgE) levels,21 whereas in another
study, the association with allergic sensitization was
not significant after researchers accounted for the
location of residence.22

The study of genetics is even more com-
plex and difficult when the study population is
admixed, that is, contains race and ethnic mixtures.

The study of genetics is even more
complex and difficult when the
study population is admixed, that
is, contains race and ethnic
mixtures.

The Hispanic community is an admixed population,
and the allelic frequency differences among different
race/ethnic groups can interfere with association
studies and lead to false-positive results. The current
Hispanic population is a result of combinations of
individuals from Europe, Africa, and the Americas that
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resulted from intermating of migrant and indigenous
populations.5 This intermingling resulted in admixed
populations and a combination of genomes that
evolved independently on different continents.23

Self-report of race and ancestry has been used
extensively to assess race and ethnicity; however,
self-report may be a poor proxy for underlying
genetic relatedness,16,24–26 and as recently described
for an African American population, self-report may
not predict ancestral clusters or reveal the extent of
admixture.27 In general, Puerto Ricans and Cubans
have a greater proportion of African ancestry but a
lower proportion of Native American ancestry than
Mexican Americans.

The need to compensate for population stratifi-
cation in genetic studies can be reduced if studies use
family-based controls rather than case-control meth-
ods. Family-based control studies are often analyzed
with transmission disequilibrium tests; however, this
approach may not always be feasible because it
requires first-degree relatives and usually genotyping
of the proband and both parents. It is often difficult
to recruit families, and in studies of adults or diseases
with adult onset, it may be difficult to obtain parents.
Thus, case-control studies are commonly used for
genome-wide association (GWA) studies, candidate
gene studies, and replication studies of GWA find-
ings because of their cost effectiveness. However,
in these studies, the possibility exists that allele fre-
quency differences between cases and controls are
unrelated to the genetics of the disease phenotype
and instead are due to differences in the population
genetic structure and substructure. Thus, false associ-
ations of particular single-nucleotide polymorphisms
(SNPs) or markers can be identified, and each SNP
may be affected by ancestry to a different extent, with
some SNPS showing very different allele frequencies
in different continental or ethnic groups and others
showing little difference.

An approach to overcoming the problem of pop-
ulation substructure in genetic analyses makes use
of DNA-based estimates of ancestry and appropri-
ate statistical techniques that can add information
to stratify populations and provide the ability to
control for genetic differences that are unrelated
to disease risk.28–31 Ancestry informative markers
(AIMs) are sets of polymorphisms for a locus that
exhibit different frequencies between populations
from different geographic regions. Preferably, AIMs
are widely spaced across the genome so that there is
no linkage disequilibrium among them within each
subpopulation. Admixture mapping or mapping by
admixture linkage disequilibrium takes advantage of
sets of markers that are relatively evenly spaced
across the genome. Several approaches, including

structured association tests (Structure)32 and princi-
pal component analyses,33,34 have been proposed to
adjust population stratifications in genetic association
studies. Structure performs tests that are conditional
on the group membership, which is determined with
a Bayesian clustering algorithm that fits the data
to the number of cluster groups that is specified.
The association test is for the null hypothesis that
there is no dependence of allele frequencies on
phenotypes within each group. Principal component
analysis infers a continuous axis of orthogonal linear
transformations of AIMs that maximize the genetic
variation but does not depend on the assignment of
individuals to specific subpopulations. The number
of SNPs is reduced to smaller numbers of dimensions
that group patterns together on the basis of observed
data. Ancestry-adjusted genotypes and phenotypes
can then be calculated with Eigenstrat to compute
the association statistic.34 This algorithm can be diffi-
cult to perform with large numbers of SNPS and large
populations. Plink, another commonly used program,
can be used for large data sets35 through the use of
identical-by-state distance to do hierarchical cluster-
ing and subsequent Cochran-Mantel-Haenszel tests
of association.

The use of AIMs has recently been applied
to Hispanic populations, and variations in the
ancestral composition of European Americans,
Mexican Americans, disparate populations within
the Native American population, Puerto Ricans,
African Americans, and Southeast Asians have been
demonstrated.29,31,36–39 Studies using AIMs suggest
that population admixture among Latinos has impor-
tant implications when disease association is being
assessed in case-control studies.37 Analyses between
these populations suggest that there are differences
in the severity of asthma among Mexican Americans
and Puerto Ricans and that there is an association
between greater European ancestry in these popula-
tions and more severe asthma.39

GENETICS OF ASTHMA

Asthma is a complex genetic disorder that does not
follow classic Mendelian inheritance; instead, each
genetic factor contributes at most a modest amount
to the total variation in the trait. Moreover, trait defini-
tion and phenotypic variation complicate the study of
asthma. With the completion of the human genome
sequence in 2005 and the development of techniques
to assess thousands of SNPs, multiple techniques,
including GWA studies, have been used to identify
hundreds of genetic loci in which common genetic
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Asthma is a complex genetic
disorder that does not follow
classic Mendelian inheritance;
instead, each genetic factor
contributes at most a modest
amount to the total variation in
the trait.

variations occur that are reproducibly associated
with polygenic traits.40 However, the analysis of
these variations is complex, and the use of these
variations to understand disease and disease biology
is in its early stages for asthma as well as other
diseases.40,41 Extensive linkage analyses (positional
cloning) and GWA studies, in which the entire
genome is interrogated, as well as candidate gene
association studies, in which a priori hypotheses are
tested, have been performed for asthma, and several
excellent reviews discussing both the successes and
problems of the different approaches have recently
been published.42–45

Studies using linkage analysis, a hypothesis-
free approach to genetic associations, have iden-
tified 6 genes: a disintegrin and metalloproteinase
33 (ADAM33; chromosome 20p13), a metallopro-
tease; dipeptidyl peptidase 10 (chromosome 2q14),
a regulatory molecule involved in protein targeting;
plant homeodomain finger protein 11 (chromosome
13q14), a gene involved in messenger RNA tran-
scription; G protein–coupled receptor for asthma
(chromosome 7p14); human leukocyte antigen G
(chromosome 6p21), a major histocompatibility com-
plex antigen; and GYFIP2 (chromosome 5q33), a G
protein modulator.42 Additional positional cloning
studies have recently identified associations with
genes predominantly expressed on epithelial cells:
interleukin 1 receptor–associated kinase M (chromo-
some 12q14), a gene that encodes a protein regulating
nuclear factor kappa B and the Toll-like recep-
tor/interleukin 1 receptor pathway46; and opsin 3
(chromosome 1q43), a gene whose function remains
unknown.47 The role and function of many of these
genes remain to be clarified.

GWA studies, in which large representative
(tagged) marker panels of SNPs (100,000–1,000,000)
are analyzed across the genome, are becoming more
common as the technical ability and the density of
markers available for study increase. The orosomu-
coid 1-like 3 (ORMDL3) gene (chromosome 17q21)
was the first gene to be identified with childhood
asthma through a GWA study.48 The collaborative
study also allowed for replication in additional British

and German populations. Subsequent replication in
a French-Canadian Caucasian population was also
performed.49 The gene that encodes YKL-40 (chiti-
nase 3-like 1), a chitinase-like protein, has also been
identified in a GWA study as a susceptibility gene for
asthma, measures of lung function, and serum levels
of YKL-40.50

Genetic association studies using case-control
techniques for biologically plausible genes have
identified numerous candidate SNPs and genes. The
hundreds of genes identified with this approach
have recently been reviewed.44,45,51 Relatively few
candidate gene associations have been replicated
in multiple independent studies, and those that have
been replicated repeatedly include the β-2 adrenergic
receptor (ADRB2) gene, which is located in the
cytokine gene cluster on chromosome 5q31-33, the
interleukin 4 receptor, and the human leukocyte
antigen DRB1 gene (chromosome 6).

Genetic studies of asthma are difficult because
of the modest size of the genetic effects, which
necessitates large sample sizes. Linkage analyses
and GWA studies require sample sizes of thousands
of individuals for successful identification of small
effects and the need to compensate for multiple
testing to enhance the ability to distinguish true
positives from false-positive errors. In addition,
for all of these genetic studies, replication of
associated loci or candidate genes in independent
populations is critical; however, replication has been
variable between independent studies and in diverse
populations for asthma genes.52 This variability in
replication has been attributed in part to differences
in phenotypes and definitions of asthma-associated
phenotypes, coverage of common genetic variants by
SNPs, and population differences.

SELECTED ASTHMA GENES IN THE
LATINO POPULATION

A limited number of genes associated with asthma
risk have been identified in diverse Hispanic
populations (Table 1). Regions on chromosome 5q,
including regions 5q23 and 5q31-33, are some of
the first well-replicated regions linked to asthma or
asthma-associated phenotypes, and the association
with this region has been reported in multiple
candidate gene association studies in numerous
populations, including Dutch, Amish, American
Caucasian, Hutterite, and British.44,45 The importance
of this region or candidate genes for asthma in
this region in Hispanic populations is less well
documented. A recent GWA and admixture mapping
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Table 1. Asthma-Related Genes Studied in Hispanic Populations.

Gene Gene Map Locus Biological Process Hypothesized Role References

IL-13 5q31 Th2 effector Asthma risk, eosinophils, IgE 53–56
ADRB2 5q32-34 Bronchial smooth muscle

function
Airway remodeling, lung

function, asthma severity
57

ADAM33 20p13 Proteolysis, cell
adhesion–mediated signaling

Asthma risk, lung function,
airway remodeling

61–64

ORMDL3 17q21.1 Protein folding, calcium signaling Childhood asthma risk 69, 71
TSLP 5q23 Epithelial cell Th2 regulation Gender-specific IgE regulation 76

Abbreviations: ADAM33, a disintegrin and metalloproteinase 33; ADRB2, β-2 adrenergic receptor; IgE, immunoglobulin
E; IL-13, interleukin 13; ORMDL3, orosomucoid 1-like 3; Th2, T helper 2; TSLP, thymic stromal lymphopoietin.

analysis for asthma in a very small Puerto Rican
sample failed to identify any association with asthma
in this region, although a subsequent overlap
analysis suggested an association in 5q23.3 as
well as 13q.13.3.53 Many genes in this 5q area,
including the gene for interleukin 13 (IL-13), are
in the cytokine cluster associated with Th2 cell
differentiation and effector functions. IL-13 is a central
effector cytokine and mediates many of the features
of Th2 cell–mediated responses in the lung, including
IgE synthesis. A study of a Costa Rican population
initially failed to identify an association with IL-
13 and asthma54; however, a subsequent study of
Costa Rican children, using a larger sample size
and a replication group, suggested that some IL-13
SNPS were associated with an increased eosinophil
count, increased total serum IgE levels, and asthma
exacerbation.55 Our preliminary data, coming from a
case-control association study for IL-13 that controlled
for ancestral diversity through the use of AIMs in
a predominantly Latino, admixed urban population,
also identified an association with the frequently
reported IL-13 variant.56 These data suggest that
findings in IL-13 variants may be robust even within
different Latino populations, but additional studies
with large populations are needed.

The ADRB2 gene has been classified as a gene
involved in lung function, airway remodeling, and
disease severity.44 Variants in 7 SNPS in the ADRB2
gene were analyzed in the Genetics of Asthma in
Latino Americans study with Puerto Rican and Mex-
ican families of asthmatics57 Although 2 SNPS were
associated with the baseline forced expiratory vol-
ume in 1 second and bronchodilator responsiveness
among the Puerto Rican families, a different SNP was
marginally associated with bronchodilator respon-
siveness in the Mexican families. These studies again
suggest differences between Latino populations and
the need for additional studies.

ADAM33, a disintegrin and metalloproteinase
gene located on chromosome 20, was the first
asthma susceptibility gene to be identified through

linkage studies and positional cloning.58 Subsequent
studies suggested a potential role for this gene in
airway remodeling and revealed that ADAM33 is
expressed by lung fibroblasts and bronchial smooth
muscle cells, although not by bronchial epithelial
cells or immune cells.59 ADAM33 variants have
been associated with an accelerated decline in the
forced expiratory volume in 1 second.60 Although the
association of ADAM33 variants and asthma has been
replicated in many different ethnic populations,43

the association of ADAM33 and asthma in Latino
populations has been less clear. One study using
diverse populations, which included 112 Hispanic
cases, suggested that variations in ADAM33 were
associated with asthma in all populations, although
differences were noted between populations, and
no causative variation could be identified in all
populations.61 A weak association with ADAM33
variants and asthma was noted in children in the
Childhood Asthma Management Program, a study that
included only 39 children of Hispanic ethnicity.62 An
association between asthma and ADAM33 variants
was not found in Puerto Rican or Mexican adults,63

nor was an association identified in Costa Rican
children.64 These studies differ in the techniques used
for analysis, the size of the population studied, and
the ancestry of the Latino populations. However, they
suggest that the association of ADAM33 with asthma
remains inconsistent in the Latino population.

The ORMDL3 gene was the first gene to be
identified with a GWA study in white British and
German patients.48 ORMDL3 transcription levels are
correlated with several genetic markers near the
ORMDL3 gene, and although the function of ORMDL3
remains incompletely understood, the gene product
may participate in protein folding, calcium signaling,
and cellular stress.65 Polymorphisms in the ORMDL3
gene have been associated with childhood asthma in
multiple ethnic populations.66–68 Two studies suggest
an association with Latino populations. A recent study
reported an association of ORMDL3 gene variants
and asthma in Mexican children.69 In another, an

DOI:10.1002/MSJ



146 J. REIBMAN AND M. LIU: GENETICS AND ASTHMA DISEASE SUSCEPTIBILITY

association was identified in a Mexican population,
but only a weak association was found in Puerto
Rican children.70 The possibility that smoke exposure
modifies the risk for ORMDL3 variants and asthma
raises an intriguing question about environmental
interactions.71

Our interest has focused on the ability of airway
epithelial cells to regulate airway immune responses,
particularly in response to environmental injury by
pollutants. Thymic stromal lymphopoietin (TSLP) is
an epithelial cell–derived cytokine that regulates
the Th2 response,72–74 and we have described its
production in response to exposure to diesel exhaust
particles.75 Thus, the gene for TSLP, located on
chromosome 5, is a biologically plausible candidate
gene for the study of gene and environment
interactions. A locus on 5q23 was associated with
cockroach-specific IgE in Costa Rican children in a
genome-wide linkage analysis when it was analyzed
with sex-stratified linkage analysis.76 The TSLP gene
was identified in this region, and the proposal was
made that a variant in TSLP may have female-specific
effects on allergic phenotypes. Further replication
studies are needed to confirm this association in
additional populations, but the biological importance
of TSLP makes the study provocative.

CONCLUSION

In summary, the high prevalence of asthma in specific
Latino subpopulations makes it imperative to study
asthma in Hispanics. The study of asthma and asthma
genetics is made complex in these populations
by the diversity and heterogeneity of the Hispanic
population in the United States. The inclusion of
markers of ancestral diversity and the incorporation
of techniques to adjust for stratification now make
these studies more feasible and will enable an
understanding of the underlying biology of asthma,
genetic risks for asthma, and gene and environmental
interactions. These studies have the potential to
enhance risk identification, target pharmacological
therapy, guide environmental regulations, and thus
reduce health disparities. New technical advances
that now allow for the study of asthma and asthma-
associated phenotypes at a rapid pace using linkage
analyses and GWA studies as well as candidate
gene studies require large populations. Although
large populations of European descent exist for
genetic studies of asthma, fewer well-phenotyped
populations are available for studies of Latino
populations. There is a need for the development
of registries with large pediatric and adult Latino

populations for inclusion in the rapidly expanding
field of genetic and environmental studies. These
studies will promote the ultimate goal of improving
our understanding of the biology and treatment of
asthma in all populations and thus reduce health
disparities.

ACKNOWLEDGMENT

This study was supported by the Colton Family
Foundation, the National Institutes of Health/National
Center for Research Resources (grant M01RR00096),
the Stony Wold-Herbert Fund, Inc., and the National
Institute of Environmental Health Sciences (grant
000 260). The material was presented in part at a
conference on genes and race held at the Mt. Sinai
Medical Center in November 2008.

DISCLOSURES

Potential conflict of interest: Nothing to report.

REFERENCES

1. Centers for Disease Control and Prevention. Fast-
Stats on asthma. http://www.cdc.gov/nchs/FASTATS/
asthma.htm. Accessed January 2010.

2. Garg R, Karpati A, Leighton J, et al. Asthma Facts. 2nd
ed. New York, NY: New York City Department of
Health and Mental Hygiene; 2003.

3. Moorman JE, Rudd RA, Johnson CA, et al. National
surveillance for asthma–United States, 1980–2004.
MMWR Surveill Summ 2007; 56: 1–54.

4. We the People: Hispanics in the United States: Census
2000 Special Report. Washington, DC: US Census
Bureau; 2004.

5. Hunninghake GM, Weiss ST, Celedon JC. Asthma
in Hispanics. Am J Respir Crit Care Med 2006; 173:
143–163.

6. Pearce N, Ait-Khaled N, Beasley R, et al. Worldwide
trends in the prevalence of asthma symptoms: phase
III of the International Study of Asthma and Allergies
in Childhood (ISAAC). Thorax 2007; 62: 758–766.

7. US Census Bureau. Hispanic population in the United
States: March 2002. http://www.census.gov/prod/2003
pubs/p20-545.pdf. Accessed January 2010.

8. Cloutier MM, Wakefield DB, Hall CB, Bailit HL.
Childhood asthma in an urban community: prevalence,
care system, and treatment. Chest 2002; 122:
1571–1579.

9. Findley S, Lawler K, Bindra M, et al. Elevated asthma
and indoor environmental exposures among Puerto
Rican children of East Harlem. J Asthma 2003; 40:
557–569.

10. Claudio L, Stingone JA, Godbold J. Prevalence of
childhood asthma in urban communities: the impact
of ethnicity and income. Ann Epidemiol 2006; 16:
332–340.

DOI:10.1002/MSJ



MOUNT SINAI JOURNAL OF MEDICINE 147

11. Dumanovsky T, Matte TD. Variation in adult asthma
prevalence in Hispanic subpopulations in New York
City. J Asthma 2007; 44: 297–303.

12. Subramanian SV, Jun HJ, Kawachi I, Wright RJ.
Contribution of race/ethnicity and country of origin
to variations in lifetime reported asthma: evidence for
a nativity advantage. Am J Public Health 2009; 99:
690–697.

13. Lara M, Akinbami L, Flores G, Morgenstern H.
Heterogeneity of childhood asthma among Hispanic
children: Puerto Rican children bear a disproportionate
burden. Pediatrics 2006; 117: 43–53.

14. Scirica CV, Celedon JC. Genetics of asthma: potential
implications for reducing asthma disparities. Chest
2007; 132(suppl): 770S–781S.

15. Kramer CB, Cullen AC, Faustman EM. Policy
implications of genetic information on regulation under
the Clean Air Act: the case of particulate matter
and asthmatics. Environ Health Perspect 2006; 114:
313–319.

16. Caulfield T, Fullerton SM, Ali-Khan SE, et al. Race
and ancestry in biomedical research: exploring the
challenges. Genome Med 2009; 1: 8.

17. Collins FS. What we do and don’t know about ‘‘race’’,
‘‘ethnicity’’, genetics and health at the dawn of the
genome era. Nat Genet 2004; 36(suppl): S13–S15.

18. Bamshad M, Wooding S, Salisbury BA, Stephens JC.
Deconstructing the relationship between genetics and
race. Nat Rev Genet 2004; 5: 598–609.

19. Risch N, Burchard E, Ziv E, Tang H. Categorization
of humans in biomedical research: genes, race and
disease. Genome Biol 2002; 3: 1–12.

20. Cooper RS, Kaufman JS, Ward R. Race and genomics.
N Engl J Med 2003; 348: 1166–1170.

21. Vergara C, Caraballo L, Mercado D, et al. African
ancestry is associated with risk of asthma and high
total serum IgE in a population from the Caribbean
coast of Colombia. Hum Genet 2009; 125: 565–579.

22. Yang JJ, Burchard EG, Choudhry S, et al. Differences in
allergic sensitization by self-reported race and genetic
ancestry. J Allergy Clin Immunol 2008; 122: 820–827.

23. Basu A, Tang H, Zhu X, et al. Genome-wide
distribution of ancestry in Mexican Americans. Hum
Genet 2008; 124: 207–214.

24. Suarez-Kurtz G, Vargens DD, Struchiner CJ, et al.
Self-reported skin color, genomic ancestry and the
distribution of GST polymorphisms. Pharmacogenet
Genomics 2007; 17: 765–771.

25. Serre D, Paabo S. Evidence for gradients of human
genetic diversity within and among continents.
Genome Res 2004; 14: 1679–1685.

26. Wilson JF, Weale ME, Smith AC, et al. Population
genetic structure of variable drug response. Nat Genet
2001; 29: 265–269.

27. Yaeger R, Avila-Bront A, Abdul K, et al. Comparing
genetic ancestry and self-described race in African
Americans born in the United States and in
Africa. Cancer Epidemiol Biomarkers Prev 2008; 17:
1329–1338.

28. Hoggart CJ, Parra EJ, Shriver MD, et al. Control
of confounding of genetic associations in stratified
populations. Am J Hum Genet 2003; 72: 1492–1504.

29. Yang N, Li H, Criswell LA, et al. Examination of
ancestry and ethnic affiliation using highly informative
diallelic DNA markers: application to diverse and
admixed populations and implications for clinical

epidemiology and forensic medicine. Hum Genet 2005;
118: 382–392.

30. Tsai HJ, Kho JY, Shaikh N, et al. Admixture-matched
case-control study: a practical approach for genetic
association studies in admixed populations. Hum
Genet 2006; 118: 626–639.

31. Collins-Schramm HE, Phillips CM, Operario DJ, et al.
Ethnic-difference markers for use in mapping by
admixture linkage disequilibrium. Am J Hum Genet
2002; 70: 737–750.

32. Satten GA, Flanders WD, Yang Q. Accounting for
unmeasured population substructure in case-control
studies of genetic association using a novel latent-class
model. Am J Hum Genet 2001; 68: 466–477.

33. Tian C, Gregersen PK, Seldin MF. Accounting
for ancestry: population substructure and genome-
wide association studies. Hum Mol Genet 2008;
17():R143R150.

34. Price AL, Patterson NJ, Plenge RM, et al. Principal
components analysis corrects for stratification in
genome-wide association studies. Nat Genet 2006; 38:
904–909.

35. Purcell S, Neale B, Todd-Brown K, et al. PLINK: a
tool set for whole-genome association and population-
based linkage analyses. Am J Hum Genet 2007; 81:
559–575.

36. Collins-Schramm HE, Chima B, Morii T, et al. Mexican
American ancestry-informative markers: examination
of population structure and marker characteristics in
European Americans, Mexican Americans, Amerindians
and Asians. Hum Genet 2004; 114: 263–271.

37. Choudhry S, Coyle NE, Tang H, et al. Population
stratification confounds genetic association studies
among Latinos. Hum Genet 2006; 118: 652–664.

38. Mao X, Bigham AW, Mei R, et al. A genomewide
admixture mapping panel for Hispanic/Latino
populations. Am J Hum Genet 2007; 80: 1171–1178.

39. Salari K, Choudhry S, Tang H, et al. Genetic admixture
and asthma-related phenotypes in Mexican American
and Puerto Rican asthmatics. Genet Epidemiol 2005; 29:
76–86.

40. Hirschhorn JN. Genomewide association stud-
ies–illuminating biologic pathways. N Engl J Med 2009;
360: 1699–1701.

41. Goldstein DB. Common genetic variation and human
traits. N Engl J Med 2009; 360: 1696–1698.

42. Willis-Owen SA, Cookson WO, Moffatt MF. Genome-
wide association studies in the genetics of asthma.
Curr Allergy Asthma Rep 2009; 9: 3–9.

43. Weiss ST, Raby BA, Rogers A. Asthma genetics and
genomics 2009. Curr Opin Genet Dev 2009; 19:
279–282.

44. Vercelli, D. Advances in asthma and allergy genetics in
2007. J Allergy Clin Immunol 2008; 122: 267–271.

45. Ober C, Hoffjan S. Asthma genetics 2006: the long and
winding road to gene discovery. Genes Immunol 2006;
7: 95–100.

46. Balaci L, Spada MC, Olla N, et al. IRAK-M is involved
in the pathogenesis of early-onset persistent asthma.
Am J Hum Genet 2007; 80: 1103–1114.

47. White JH, Chiano M, Wigglesworth M, et al.
Identification of a novel asthma susceptibility gene
on chromosome 1qter and its functional evaluation.
Hum Mol Genet 2008; 17: 1890–1903.

DOI:10.1002/MSJ



148 J. REIBMAN AND M. LIU: GENETICS AND ASTHMA DISEASE SUSCEPTIBILITY

48. Moffatt MF, Kabesch M, Liang L, et al. Genetic variants
regulating ORMDL3 expression contribute to the risk
of childhood asthma. Nature 2007; 448: 470–473.

49. Madore AM, Tremblay K, Hudson TJ, Laprise C.
Replication of an association between 17q21 SNPs and
asthma in a French-Canadian familial collection. Hum
Genet 2008; 123: 93–95.

50. Ober C, Tan Z, Sun Y, et al. Effect of variation in
CHI3L1 on serum YKL-40 level, risk of asthma, and
lung function. N Engl J Med 2008; 358: 1682–1691.

51. Zhang J, Pare PD, Sandford AJ. Recent advances in
asthma genetics. Respir Res 2008; 9: 4.

52. Lohmueller KE, Pearce CL, Pike M, et al. Meta-analysis
of genetic association studies supports a contribution of
common variants to susceptibility to common disease.
Nat Genet 2003; 33: 177–182.

53. Choudhry S, Taub M, Mei R, et al. Genome-wide screen
for asthma in Puerto Ricans: evidence for association
with 5q23 region. Hum Genet 2008; 123: 455–468.

54. Celedon JC, Soto-Quiros ME, Palmer LJ, et al. Lack
of association between a polymorphism in the
interleukin-13 gene and total serum immunoglobulin
E level among nuclear families in Costa Rica. Clin Exp
Allergy 2002; 32: 387–390.

55. Hunninghake GM, Soto-Quiros ME, Avila L, et al.
Polymorphisms in IL13, total IgE, eosinophilia, and
asthma exacerbations in childhood. J Allergy Clin
Immunol 2007; 120: 84–90.

56. Cheng Q, Liu M, Rogers L, et al. Replication study
of association of IL13 pathway polymorphisms and
asthma using an admixed urban population. Am J
Respir Crit Care Med 2009; 179.

57. Choudhry S, Ung N, Avila PC, et al. Pharmacogenetic
differences in response to albuterol between Puerto
Ricans and Mexicans with asthma. Am J Respir Crit
Care Med 2005; 171: 563–570.

58. Van Eerdewegh P, Little RD, Dupuis J, et al. Association
of the ADAM33 gene with asthma and bronchial
hyperresponsiveness. Nature 2002; 418: 426–430.

59. Haitchi HM, Powell RM, Shaw TJ, et al. ADAM33
expression in asthmatic airways and human embryonic
lungs. Am J Respir Crit Care Med 2005; 171:
958–965.

60. Jongepier H, Boezen HM, Dijkstra A, et al.
Polymorphisms of the ADAM33 gene are associated
with accelerated lung function decline in asthma. Clin
Exp Allergy 2004; 34: 757–760.

61. Howard TD, Postma DS, Jongepier H, et al. Association
of a disintegrin and metalloprotease 33 (ADAM33) gene
with asthma in ethnically diverse populations. J Allergy
Clin Immunol 2003; 112: 717–722.

62. Raby BA, Silverman EK, Kwiatkowski DJ, et al.
ADAM33 polymorphisms and phenotype associations
in childhood asthma. J Allergy Clin Immunol 2004; 113:
1071–1078.

63. Lind DL, Choudhry S, Ung N, et al. ADAM33 is not
associated with asthma in Puerto Rican or Mexican

populations. Am J Respir Crit Care Med 2003; 168:
1312–1316.

64. Hersh CP, Raby BA, Soto-Quiros ME, et al.
Comprehensive testing of positionally cloned asthma
genes in two populations. Am J Respir Crit Care Med
2007; 176: 849–857.

65. Cantero-Recasens G, Fandos C, Rubio-Moscardo F,
et al. The asthma-associated ORMDL3 gene product
regulates endoplasmic reticulum-mediated calcium
signaling and cellular stress. Hum Mol Genet 2010;
19: 111–121.

66. Sleiman PM, Annaiah K, Imielinski M, et al. ORMDL3
variants associated with asthma susceptibility in North
Americans of European ancestry. J Allergy Clin
Immunol 2008; 122: 1225–1227.

67. Hirota T, Harada M, Sakashita M, et al. Genetic
polymorphism regulating ORM1-like 3 (Saccharomyces
cerevisiae) expression is associated with childhood
atopic asthma in a Japanese population. J Allergy Clin
Immunol 2008; 121: 769–770.

68. Leung TF, Sy HY, Ng MC, et al. Asthma and atopy are
associated with chromosome 17q21 markers in Chinese
children. Allergy 2009; 64: 621–628.

69. Wu H, Romieu I, Sienra-Monge JJ, et al. Genetic
variation in ORM1-like 3 (ORMDL3) and gasdermin-
like (GSDML) and childhood asthma. Allergy 2009; 64:
629–635.

70. Galanter J, Choudhry S, Eng C, et al. ORMDL3 gene
is associated with asthma in three ethnically diverse
populations. Am J Respir Crit Care Med 2008; 177:
1194–1200.

71. Flory JH, Sleiman PM, Christie JD, et al. 17q12-
21 variants interact with smoke exposure as a risk
factor for pediatric asthma but are equally associated
with early-onset versus late-onset asthma in North
Americans of European ancestry. J Allergy Clin
Immunol 2009; 124: 605–607.

72. Rochman Y, Leonard WJ. Thymic stromal
lymphopoietin: a new cytokine in asthma. Curr Opin
Pharmacol 2008; 8: 249–254.

73. Liu YJ. Thymic stromal lymphopoietin: master switch
for allergic inflammation. J Exp Med 2006; 203:
269–273.

74. Soumelis V, Liu YJ. Human thymic stromal
lymphopoietin: a novel epithelial cell-derived cytokine
and a potential key player in the induction of allergic
inflammation. Springer Semin Immunopathol 2004; 25:
325–333.

75. Bleck B, Tse DB, Curotto de Lafaille MA, et al. Diesel
exhaust particle-exposed human bronchial epithelial
cells induce dendritic cell maturation and polarization
via thymic stromal lymphopoietin. J Clin Immunol
2008; 28: 147–156.

76. Hunninghake GM, Lasky-Su J, Soto-Quiros ME, et al.
Sex-stratified linkage analysis identifies a female-
specific locus for IgE to cockroach in Costa Ricans.
Am J Respir Crit Care Med 2008; 177: 830–836.

DOI:10.1002/MSJ



Copyright of Mount Sinai Journal of Medicine is the property of Mount Sinai Medical Center and its content

may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express

written permission. However, users may print, download, or email articles for individual use.


