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Asthma is a common but complex respiratory ailment; current data
indicate that interaction of genetic and environmental factors lead
to its clinical expression. In the United States, asthma prevalence,
morbidity, and mortality vary widely among different Latino ethnic
groups. The prevalence of asthma is highest in Puerto Ricans, inter-
mediate in Dominicans and Cubans, and lowest in Mexicans and
Central Americans. Independently, known socioeconomic, environ-
mental, and genetic differences do not fully account for this obser-
vation. One potential explanation is that there may be unique and
ethnic-specific gene-environment interactions that can differen-
tially modify risk for asthma in Latino ethnic groups. These gene-
environment interactions can be tested using genetic ancestry as
a surrogate for genetic risk factors. Latinos are admixed and share
varying proportions of African, Native American, and European
ancestry. Most Latinos are unaware of their precise ancestry and
report their ancestry based on the national origin of their family
and their physical appearance. The unavailability of precise ancestry
and the genetic complexity among Latinos may complicate asthma
research studies in this population. On the other hand, precisely
because of this rich mixture of ancestry, Latinos present a unique
opportunity to disentangle the clinical, social, environmental, and
genetic underpinnings of population differences in asthma preva-
lence, severity, and bronchodilator drug responsiveness.
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LATINO (HISPANIC) POPULATIONS

Latinos are the largest, youngest, and fastest growing minority
population in the United States, accounting for 14% of the na-
tion’s total population. Currently, there are 42.6 million Latinos
in the United States, not including residents of Puerto Rico. By
2050, it is predicted that 25% of the U.S. population will be
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Latino (2, 3). Furthermore, among all children in the United
States, Latinos represent the largest demographic group (4).
Latinos are not a homogeneous ethnic group, because there
is great genetic, socioeconomic, educational, and demographic
variation both between and within Latino ethnic groups. The
diversity of the Latino population provides the intrinsic variabil-
ity necessary to study the interactions of race, genetics, culture,
and environment, and their impact on asthma. Some of the
discussion of these studies has been previously reported in the
form of original research (5-13).

LATINO POPULATIONS AND ANCESTRY

The term “Hispanic” or “Latino” describes a population with a
shared cultural heritage and most often a universal language,
but does not refer to race or a common ancestry. Race is usually
considered as a fixed characteristic of the individual, linked to
their genetic makeup, whereas ethnicity represents a broader
construct based on cultural tradition, common history, language,
religion, and often a shared genetic heritage (14). Although
Latinos have been considered to be an ethnic group, they repre-
sent a heterogeneous mix of Native American, European, and
African ancestries (8, 10, 11). Therefore, Latino individuals can
self-identify as any race or of mixed race as defined by the 2000
U.S. Census. For example, in the 2000 U.S. Census, 97.9% of
the non-Latino U.S. population self-identified as one of the five
major racial categories. However, 48% of Latinos self-identified
as white, 2% as African/African American, 1% as American
Indian, and 42% as “some other race” (4). This demonstrates
the complexity of self-identification of Latinos for epidemiologic
studies.

U.S. DEMOGRAPHIC SHIFTS

Recently, there have been dramatic shifts in the “source country”
of immigrants to the United States, with more than half coming
from Latin America (15). The top 10 Latino sources of immigra-
tion to the United States are Mexico, El Salvador, the Dominican
Republic, Colombia, Guatemala, Peru, Cuba, Ecuador, Brazil,
and Honduras (4). Puerto Ricans are U.S. citizens by birth and
not considered immigrants. This demographic shift has dramati-
cally altered the Latino population within major cities in the
United States. For example, in the Bronx, New York, in the
2000 U.S. Census, 48% of the population was Latino/Hispanic
and, of this, the major Latino ethnic groups were as follows:
Puerto Ricans (48% ), Dominicans (21 %), Mexicans (5%), Cen-
tral Americans (3% ), South Americans (3% ), Cubans (1%), and
other Latinos (17%).
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ASTHMA AMONG LATINO AMERICANS

Asthma is a common respiratory disease that is caused by genetic
and environmental factors. U.S. vital statistics for asthma demon-
strate that asthma prevalence, morbidity, and mortality are high-
est in Puerto Ricans, intermediate in Dominicans and Cubans,
and lowest in Mexicans and Central Americans (1, 16, 17). This
is paradoxical since all groups are considered “Hispanic.” Socio-
economic and environmental differences measured to date have
not fully explained the discrepancy of asthma among Latino
Americans. The discrepancy in asthma burden, as well as the
paucity of studies of asthma in Latinos and especially among
different Latino ethnic groups, has led the American Academy
of Pediatrics to identify asthma among Latinos as an urgent
priority for further research (18).

ENVIRONMENTS AND ASTHMA

Freeman and colleagues administered an asthma symptom and
household exposure factor questionnaire to 4,634 schoolchildren
in Passaic, New Jersey (19). Passaic is a unique community in
that it has a wide range of Latino ethnic groups representing
the Caribbean, Mexico, and Central and South America. This
diversity offers a unique opportunity to compare asthma and
environmental exposures for a variety of Latino ethnic groups
within the same urban and predominantly poor community.
Asthma diagnosis was highest in Puerto Ricans (26%), interme-
diate for Dominicans (14%), and lowest for Mexicans (7%).
Although environmental exposures were similar for all groups,
environmental factors associated with asthma differed by ethnic
group. For example, damp/moldy conditions were associated
with asthma in Puerto Ricans but not Mexicans and Dominicans.
These results suggest that there are ethnicity-specific gene—
environment interactions for asthma and asthma-related
phenotypes.

LATINO POPULATIONS IN THE UNITED STATES
PROVIDE A UNIQUE OPPORTUNITY FOR GENETIC
EPIDEMIOLOGY STUDIES

One of the primary limitations in dissecting the etiology of differ-
ences in health and disease experiences among racial/ethnic
groups is confounding. Puerto Ricans, Dominicans, and Mexican
Americans differ from one another in terms of culture, socioeco-
nomic status, and levels of discrimination in work and housing,
as well as genetic ancestry. The variation in ancestral proportions
between Latino subgroups can be exploited by using a variety
of epidemiologic study designs and modern genetic techniques,
to potentially unravel some of the differences in disease inci-
dence and outcomes.

Despite the large size of the Latino population and the exten-
sive asthma research documenting a high asthma prevalence,
morbidity, and mortality for specific Latino ethnic groups, Lat-
inos have, for the most part, not been included in asthma clinical,
genetic, and/or epidemiologic research. Although the difficulty
in recruitment of minority populations is partly to blame for the
paucity of research in these populations, the genetic complexity
of admixed populations further complicates studies simply be-
cause of genetic confounding. However, the wide variation in
admixture and environmental exposure in Latino ethnic groups
provides the intrinsic variability needed to untangle complex
gene—gene and gene—environment interactions in asthma suscep-
tibility and severity. To this end, we have initiated the Genetics
of Asthma in Latino Americans (GALA) study.
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THE GALA STUDY

GALA is a multicenter, international effort designed to identify
and directly compare clinical, genetic, and environmental risk
factors associated with asthma, asthma severity, and drug respon-
siveness among Latino ethnic groups. In our first analysis of
GALA participants (5), we compared asthma-related clinical
characteristics between 300 Mexican and 386 Puerto Rican indi-
viduals with asthma recruited from San Francisco, New York
City, Puerto Rico, and Mexico City. We found that Puerto Ricans
with asthma had a higher risk of an emergency department visit
in the previous year (odds ratio [OR], 2.63; 95% confidence
interval [CI], 1.6-4.3; p < 0.001), and of previous hospitalization
for asthma (OR, 1.94;95% CI, 1.2-3.2; p = 0.009), than Mexicans.
We also tested participants for responsiveness to albuterol, a 8,-
adrenergic receptor agonist and bronchodilator drug, by measur-
ing the percentage change from baseline FEV,. Worldwide, al-
buterol is the most commonly prescribed treatment for asthma.
Interestingly, Puerto Ricans with asthma had, on average, 7.3%
(95% CI, 4.6-9.9; p < 0.001) lower bronchodilator respon-
siveness than Mexicans with asthma. This finding suggests that
there may be subgroups of subjects with asthma that may not
respond well to commonly prescribed asthma therapies. If repli-
cated, this finding could have important clinical and public health
implications.

Despite the ubiquitous use of albuterol in the treatment of
asthma, there is significant variation in drug efficacy (20), as
suggested by our finding in Puerto Ricans and Mexicans. Under-
standing the genetic basis of variability in drug response (phar-
macogenetics) will help physicians to optimize their diagnosis
and treatment of individual patients or patient groups. Among
GALA participants, we demonstrated that there are ethnic-
specific genetic factors that contribute to observed differences in
physiologic response to albuterol. Specifically, we demonstrated
that the Argl6 allele of the B,AR gene is associated with greater
bronchodilator responsiveness in Puerto Ricans but not in Mexi-
cans with asthma (9). In contrast, we demonstrated that the Arg-
19Cys polymorphism in the B upstream peptide of the B,AR
gene may play an important role in bronchodilator drug res-
ponsiveness in African-American subjects (21). Potential causes
of this variation include differences in gene-gene and gene—
environment interactions, and ethnic-specific differences in pat-
terns of linkage disequilibrium (LD).

GENETIC ESTIMATION OF INDIVIDUAL ANCESTRY

Self-reported ancestry among Latinos is inaccurate for determi-
nation of individual ancestry (IA) (8, 10, 11). However, genetic
markers that are informative for ancestry and newly developed
statistical methods are making the genetic estimation of ancestry
increasingly more accurate (22-25). We genotyped 44 ancestry
informative markers (AIMs) to determine IA estimates in a
sample of 181 Mexican subjects with asthma and 181 Mexican
control subjects from the San Francisco Bay Area and 181 Puerto
Rican subjects with asthma and 178 Puerto Rican control sub-
jects from Puerto Rico, collected as part of the GALA study.
Although all participants, their biological parents, and all grand-
parents, self-identified as either Mexican or Puerto Rican, re-
spective to their ethnicity, we still observed substantial variation
in ancestry among individuals within these two Latino ethnic
groups. In Figure 1, we show the distribution of IA estimates
for Mexican American and Puerto Rican cases estimated using
individual biogeographical ancestry (IBGA) which implements
a maximum likelihood-based method described by Hanis and
coworkers (22). As can be seen from this figure, there is dramatic
heterogeneity in admixture levels among individuals within each
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Figure 1. Individual ancestry
(IA) estimates. Estimates for
181 Mexican Americans with
asthma (top) and 181 Puerto
Ricans with asthma (bottom)
are shown, clustered by admix-
ture level. The distribution of IA
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Latino ethnic group despite stringent recruitment by ethnicity.
For example, some Puerto Rican subjects had less than 10%
African ancestry, whereas others had over 50% African ancestry.
Moreover, European ancestry among Puerto Ricans ranged from
under 20% to over 80%, whereas Native American ancestry
showed less fluctuation, generally hovering between 5 and 20%.
It is also clear that two Latino ethnic groups, Mexicans and
Puerto Ricans, are, on average, different in terms of ancestry.
Although Puerto Ricans have 66% European ancestry, Mexicans
have 45%; Puerto Ricans have 16% African ancestry compared
with 3% for Mexicans; Puerto Ricans have only 18% Native
American ancestry compared with 52% for Mexicans.
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to this population. However, in
Puerto Ricans, African and Eu-
ropean ancestries show a high
degree of variability, whereas
Native American ancestry ex-
hibits a more restricted pattern
of variation. Note that some
Mexican and Puerto Rican indi-
viduals overlap in terms of
ancestry.
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POPULATION STRATIFICATION AND
GENETIC CONFOUNDING

Population stratification in an admixed case-control cohort is
the over- or underrepresentation of a particular ancestral pro-
portion in cases versus control subjects. A primary cause of
population stratification in admixed cohorts is the unequal distri-
bution of disease risk between ancestral groups, which results
in oversampling of the subjects with an excess of the “high risk”
ancestry in the case group (8, 10-13, 26, 27). A stratified cohort
can result in an excess of false-positive and/or false-negative
results in genetic studies if the alleles tested are relatively specific

Percent 154 , . . .
African Figure 2. Percentages of African ancestry in Puerto Rican
Ancestry H Cases asthma cases and control sub]ect} stratlfled b}/ socioeco-
10 nomic status (SES). SES was obtained using clinic recruit-
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to the differentially distributed ancestry. Ideally, investigators
would match cases and control subjects with respect to ancestry
and prevent this type of genetic confounding (13, 28). However,
we have demonstrated that an approach based on self-reported
ancestry cannot be reliably used in studies of asthma in geneti-
cally complex tri-hybrid Latino populations (8).

We have previously demonstrated that population stratifica-
tion confounds genetic association studies of asthma (8, 11, 27).
We used AIMs to identify and correct for population stratifica-
tion among Mexican and Puerto Rican subjects participating in
case-control studies of asthma. Three hundred and sixty-two
subjects with asthma (Mexican, 181; Puerto Rican, 181) and 359
ethnically matched control subjects (Mexican, 181; Puerto Rican,
178) were genotyped for 44 AIMs. We observed a greater than
expected degree of allelic association between pairs of AIMs on
different chromosomes in Mexicans (p < 0.00001) and Puerto
Ricans (p < 0.00002), providing evidence for population sub-
structure and/or recent admixture. To assess the effect of popula-
tion stratification on association studies of asthma, we measured
differences in genetic background of cases and control subjects
by comparing allele frequencies of the 44 AIMs. Among Puerto
Ricans but not Mexicans, we observed a significant overall differ-
ence in allele frequencies between cases and control subjects (p =
0.0002); of 44 AIMs tested, 8 (18% ) were significantly associated
with asthma. However, after adjustment for IA, only two of
these markers remained significantly associated with the disease.
Our findings suggest that empirical assessment of the effects of
stratification is critical to appropriately interpret the results of
case-control studies in admixed populations.

The former study supports the argument that population
stratification can likely not be controlled for in Latino popula-
tions despite meticulous matching based on self-reported ances-
try. Rather, this example shows the potential power of using
“genetically determined” individual ancestral proportions to cor-
rect for this type of confounding. In the next section, we detail
different statistical methods and the number and type of AIMs
required for adequate TA estimates and subsequent correction
for population stratification.

CORRECTING FOR POPULATION STRATIFICATION
USING IA ESTIMATES

Several methods have been proposed to estimate individual ad-
mixture proportions in admixed populations, which are then used
to adjust for population stratification in genetic association tests.
Most of these methods have been developed and implemented in
two-way admixed populations, such as African Americans. We
investigated the common case of three-way population admix-
ture, which is relevant to Latino populations. Specifically, we
evaluated and compared the performance of three different
methods for estimating individual admixture and for eliminating
excess type I error rate due to population stratification using
various simulated datasets (12). The three methods are as
follows: maximum likelihood estimation, ADMIXMAP (version
0.6.4),and STRUCTURE (version 2.1). According to our results,
the method selected has a relatively small impact on the accuracy
of individual admixture estimates (23-25) or on the type I error
rate. By far the most important factor in determining accuracy
of the admixture estimate and in minimizing the type I error
rate appears to be the number of markers used to estimate
admixture. We demonstrate that, for markers with a mean delta
value (marker informativeness) of 0.4 (range from 0.1 to 0.8),
approximately 100 markers are required to obtain estimates of
admixture that correlate strongly (r > 0.9) with the true admix-
ture estimates. In addition, after accounting for admixture informa-
tion in association tests, the excess type I error rate is controlled
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at the 5% level when 100 markers are used to estimate admixture.
These simulations provide some practical guidelines for investiga-
tors conducting association studies in admixed populations.

ADMIXTURE VARIATION AND QUANTITATIVE TRAITS
OF ASTHMA

The extent of interindividual variation in ancestral proportions
among Latinos presents the opportunity to correlate global an-
cestry with quantitative traits of asthma, such as FEV, a surro-
gate for asthma severity, and bronchodilator response to albut-
erol. Differences in ancestry proportion may partly explain the
dramatic differential in these traits between Puerto Ricans and
Mexicans. To address this hypothesis, we used regression models
to test for association between individual admixture (IA) esti-
mates and the quantitative distributions of asthma severity, as
defined by FEV, and bronchodilator responsiveness (AFEV,)
among Puerto Ricans and Mexicans (11). Age, sex, asthma dura-
tion, regular use of asthma medication, socioeconomic status
(SES), and body mass index (BMI) were entered in the model
as covariates. To adjust for potential environmental interactions,
secondhand exposure to environmental tobacco smoke (ETS)
and birthplace were also incorporated into the models as covari-
ates. We used a forward stepwise procedure to select covariates
for each model.

We found significant relationships between ancestry and
asthma severity in our Mexican American population. European
ancestry was associated with more severe asthma (defined by
lower baseline FEV, [Pearson r = -0.211, p = 0.0051; Spearman
r=-0.228, p = 0.0024]). European ancestry remained a significant
predictor of baseline FEV, in a multivariate regression model
after adjustment for age, sex, asthma duration, regular use of
asthma medication, ETS exposure, birthplace, SES, recruitment
site, and BMI. The forward stepwise regression model identified
age and ETS exposure as the only other significant effectors of
baseline FEV,. A decrease of 1.7% (95% CI, 0.6-2.8%) in base-
line FEV, was observed per 10% increase in European ancestry.
Because our Mexican subjects with asthma, on average, had 45%
European, 52% Native American, and only 3% African ancestry,
there was a strong negative correlation between Native American
and European ancestry. Therefore, any negative association with
European ancestry would be expected to have a positive associa-
tion with Native American ancestry. As expected, in models in
which Native American ancestry was the main predictor, Native
American ancestry was associated with milder asthma (defined
as higher measures of baseline FEV, [Pearson r = 0.176, p =
0.0197; Spearman r = 0.186, p = 0.0139]). After correction for
the aforementioned potential confounders, Native American
ancestry remained significantly associated with higher baseline
FEV, values.

We also tested the association between ancestry and asthma
severity as a qualitative trait, comparing the proportion of ances-
try among subjects with mild versus severe asthma, as defined
by asthma medication use and clinical symptoms. We found
an association between higher European ancestry and asthma
severity among Mexicans with asthma. For each 10% increase
in European ancestry, there was an approximate 37% risk in-
crease for severe asthma. Adjustment for age, sex, asthma dura-
tion, ETS exposure, birthplace, and BMI did not affect the associ-
ation. Conversely, Native American ancestry was associated with
decreased risk of asthma severity, with an OR of 0.66 (95% CI,
0.54-0.81, p = 0.00006) for having severe asthma versus mild
asthma per 10% increase in Native American admixture. Both of
the associations between European ancestry and lower baseline
FEV, and increased clinical severity were significant after adjust-
ment for multiple hypothesis testing. These associations between



230

ancestry and asthma-related phenotypes provide supporting evi-
dence for the use of admixture mapping method (described
below) to identify genes associated with asthma-related traits
among Latino populations.

INTERACTION BETWEEN ANCESTRY AND SES

Asthma prevalence varies with SES within and across racial/
ethnic groups, with low-SES populations exhibiting higher rates
(29, 30). In addition to individual SES status, neighborhood SES
also influences the risk of asthma (31-33). Claudio and colleagues
demonstrated that children who live in predominantly low SES
communities had a 70% increased risk of current asthma, inde-
pendent of ethnicity and individual income level, except for
Puerto Rican children, who had high asthma prevalence, regard-
less of income (32). The higher asthma prevalence and morbidity
rates experienced by Puerto Rican children cannot be explained
by traditional measures of sociodemographic and other risk fac-
tors assessed in traditional epidemiologic surveys (1).

We hypothesized that, in this admixed population, the associ-
ation between SES and asthma may interact with genetic ances-
try. Using genetic AIMs, we found that ancestry interacts with
SES to modify risk for asthma among Puerto Ricans (Figure 2)
(6). Specifically, we demonstrated that, among Puerto Ricans of
lower SES, European ancestry was associated with increased
risk of asthma whereas African ancestry was associated with
decreased risk. The opposite was true for their higher SES coun-
terparts. These results reveal a complex interaction between SES
and ancestry with respect to asthma within the Puerto Rican
population. Although we have previously demonstrated gene—
environment interactions for asthma in Latino populations in
which the environmental exposure is secondhand tobacco smoke
(7), the results reported here reflect a higher order interaction
among ancestry (possibly reflecting genetic background), SES,
and asthma, suggesting the complexity of gene—environment in-
teraction for asthma. The observed interaction may help to ex-
plain the unique pattern of risk for asthma in Puerto Ricans and
the lack of association with SES observed in previous studies
when not accounting for varying proportions of ancestry. To
our knowledge, this is the first demonstration of an interaction
between ancestral proportions and environmental factors that
modifies the risk of a complex disease.

ADMIXTURE MAPPING

Admixture mapping is an alternative approach to perform ge-
nomewide association analysis to identify regions harboring race/
ethnicity-specific risk alleles for a disease in admixed popula-
tions. Admixture mapping capitalizes on the fact that recently
admixed populations are known to have large regions of LD (or
genetic blocks) across genetic markers that are informative for
ancestry (34-36). Admixture mapping uses this increased LD to
identify loci associated with complex disease phenotypes. The
underlying premise behind admixture mapping is that if a marker
increases the risk of disease and is found at a much higher frequency
in one population (the high-risk population), then that marker will
also be found more frequently among cases. Furthermore, that
marker will be in LD with other AIMs that are specific to the
high-risk population, and this LD will be spread across large
regions (LD blocks) of the genome. By genotyping AIMs across
the genome, one may be able to identify genomic regions in
which the cases share ancestry with the high-risk population
more commonly than expected. Such loci presumably harbor
disease-causing variants.

Admixture mapping is especially relevant in Latino popula-
tions because their admixture is relatively recent and this results
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in long-range LD (37). The ideal period of admixture for admix-
ture mapping is approximately 5 to 20 generations (38). More
remote admixture would mean that LD would have decayed
and therefore would require more markers. Conversely, more
recent admixture (1-3 generations ago) would mean that LD
would extend too far to accurately localize a genomic region
(39). Historical and genetic evidence suggests that the admixture
among Latinos and African Americans has occurred over the
past 20 generations and thus provides an ideal situation for
admixture mapping (37).

In comparison to family-based linkage studies, admixture
mapping has higher statistical power to detect genes of modest
effect if risk alleles in these genes are distributed differentially
between subpopulations. For example, in an extreme case, less
than 200 affected individuals were required for detection of a
disease locus by admixture mapping, but at least 4,000 affected
sibling pairs were required for detection of the disease locus at
the same statistical power (40, 41). Admixture mapping is also
less susceptible to allelic heterogeneity (42). The ability to detect
a disease locus using an admixture mapping approach depends
only on whether the pool of high-risk alleles is distributed differ-
entially between subpopulations; it does not matter whether
there are a few common risk alleles or many rare risk alleles at
the locus under study. In contrast, single-nucleotide polymor-
phism association studies of common diseases depend on the
“common disease—-common variant” hypothesis.

The phenotypes that are of greatest interest for admixture
mapping are those which demonstrate differences in racial/ethnic
populations and which may not be explained by known environ-
mental differences among populations (43). Thus far, there are
no published results from admixture mapping studies performed
for asthma or asthma-related traits. However, Zhu and col-
leagues recently used a panel of 269 microsatellite markers and
an admixture mapping approach to estimate ancestry across the
entire genome among African-American subjects with hyperten-
sion and healthy control subjects (44). They identified two re-
gions on chromosomes 6q and 21q that had excess locus specific
African ancestry in hypertensive cases versus normotensive con-
trols, suggesting that these regions may contain genes influencing
risk of hypertension in African Americans. Patterson and col-
leagues demonstrated that this approach can be used to map
other known loci, such as the HLA locus (39). Another recent
high-powered admixture scan, using 605 African-American cases
and 1,043 control subjects, revealed a locus on chromosome 1
that is significantly associated with multiple sclerosis (45). These
promising results indicate a strong possibility for success in well-
designed admixture mapping studies for asthma and asthma-
related traits in admixed populations.

MIGRANT STUDIES AND ACCULTURATION

Large migrations of various Latino ethnic groups to the United
States over the last several generations facilitate migrant studies,
which may provide important clues about disease etiology. For
example, if a group migrating into a new country with a different
rate of disease takes on the same rate of disease as the resident
population with successive generations, this strongly suggests
that environmental factors are responsible for the initial differ-
ence. Conversely, if the migrant group retains the same rate of
disease as the country from which they migrated over several
generations, a genetic difference may be responsible. Con-
trasting the migration effects of different Latino ethnic groups
on asthma may also provide additional clues, especially regarding
issues of genetic, socioeconomic, and cultural factors, and their
interactions. However, migrant studies need to be interpreted
with caution, particularly among Latino populations, in which
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the populations in the countries of origin are diverse and may
have unique genetic and socioeconomic characteristics. Migrant
groups may not reflect the general population of the country of
origin, resulting in a selection bias. For example, Holguin and
colleagues analyzed two independent national databases and
confirmed that asthma prevalence is higher among U.S.-born
Mexicans than Mexican-born Mexicans (46). In this case, it might
be concluded that such differences in disease prevalence arise
purely from environmental factors. However, the ancestry of
Mexican subjects participating in these studies was based on
self-report and not their genetic ancestry. Using AIMs in a popu-
lation of self-identified Mexicans with asthma recruited from
California and Mexico City, we demonstrated that admixture
proportions differ among U.S.-born Mexicans, Mexicans who
were born in Mexico and who are currently living in California,
and Mexicans who were born in and are currently living in
Mexico City (10). Specifically, among our study participants,
the proportion of Native American ancestry is higher among
Mexicans with asthma living in Mexico City than among those
living in California. Furthermore, Mexicans with asthma born
in Mexico who then immigrated to the United States also have
lower Native American ancestry than Mexicans in Mexico City.
Finally, the migrating populations may change over time due to
socioeconomic and political forces.

Acculturation refers to the cultural modification of an individ-
ual, group, or population by adapting to or borrowing traits from
another culture: that is, in the United States, acculturation is
usually defined and measured by indicators of cultural belonging,
such as nativity status (U.S.- vs. foreign-born), language prefer-
ence, and length of stay in the United States. Acculturation has
been shown to affect the health status of Latinos and asthma is
no exception. For example, Klinnert and coworkers showed that
Latino children with low-acculturated parents (Spanish speaking
and foreign-born) exhibited lower prevalence of asthma than
their high-acculturated counterparts (English speaking and U.S.-
born) (47). Moreover, the high-acculturated Latinos had a higher
prevalence of the risk variables associated with low SES. The
transition and flows of the Latino population between their coun-
try of origin and the United States provide a natural experiment
to study the role of cultural changes due to acculturation and
the effect of a migration on asthma and related phenotypes.

The study of Latino ethnic groups affords a unique opportu-
nity to study the effect of a migration and acculturation on the
asthma phenotype and related phenotypes. Furthermore, this
type of study affords the opportunity to examine the “Hispanic
paradox” or health advantage of Latinos over non-Latinos on

> Access to care

Figure 3. Causal model for asthma.

a group other than Mexican Americans and on outcomes other
than mortality (48-54).

CONCLUSIONS: NEW APPROACHES
TO OLD CHALLENGES

There is evidence to suggest that there are genetic, environmen-
tal, social, and economic risk factors independently and depen-
dently influencing the development and severity of asthma (see
Figure 3).

Novel multidisciplinary approaches will be required to eluci-
date the complex gene—environment interactions that result in
asthma and other complex diseases. Our success will require a
paradigm shift with respect to traditional research. Although
not new, the idea of translational and cross-disciplinary research
has yet to be fully implemented for asthma. The results from
the GALA study have broadened our understanding of the inter-
actions of race, genetics, culture, and environment, and their
impact on asthma. Most important, the GALA study has pro-
vided new directions for our future work.

An integrative and comprehensive approach will require
“team science”; large and well-phenotyped cohorts; thorough
measures of environmental, demographic, and social factors;
large-scale genotyping; and complex analyses in which we test
for gene-gene and gene—environment interactions. In addition,
team science will require novel and innovative ways to acknowl-
edge individual contributions and shared credit. By taking a
team approach, we are likely to gain a much more thorough
understanding of disease, its causes, and its distribution, which
will benefit all.
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