Original Report:
Stigma, Discrimination,

Health Disparities

NATIVE AMERICAN ANCESTRY AND AIR POLLUTION
INTERACT TO IMPACT BRONCHODILATOR RESPONSE
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Objective: Asthma is the most common
chronic disease in children. Short-acting
bronchodilator medications are the most
commonly prescribed asthma treatment
worldwide, regardless of disease severity.
Puerto Rican children display the high-

est asthma morbidity and mortality of any
US population. Alarmingly, Puerto Rican
children with asthma display poor broncho-
dilator drug response (BDR). Reduced BDR
may explain, in part, the increased asthma
morbidity and mortality observed in Puerto
Rican children with asthma. Gene-environ-
ment interactions may explain a portion

of the heritability of BDR. We aimed to
identify gene-environment interactions as-
sociated with BDR in Puerto Rican children
with asthma.

Setting: Genetic, environmental, and
psycho-social data from the Genes-environ-
ments and Admixture in Latino Americans
(GALA 11) case-control study.

Participants: Our discovery dataset con-
sisted of 658 Puerto Rican children with

asthma; our replication dataset consisted
of 514 Mexican American children with

asthma.

Main Outcomes Measures: We assessed
the association of pairwise interaction mod-
els with BDR using ViSEN (Visualization of
Statistical Epistasis Networks).

Results: We identified a non-linear interac-
tion between Native American genetic
ancestry and air pollution significantly as-
sociated with BDR in Puerto Rican children
with asthma. This interaction was robust

to adjustment for age and sex but was not
significantly associated with BDR in our
replication population.
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INTRODUCTION

Asthma is the most common
chronic disease in children in the
United States.! Asthma is also the
most disparate common disease in
the country, with significant dis-
parities in prevalence, morbidity,
and mortality between US popula-
tions.” Asthma prevalence is highest
in Puerto Ricans (36.5%) compared
with European Americans (12.1%),

(13.0%), and
Mexican Americans (7.5%).? Puerto
Rican children also have the highest
asthma mortality rate in the United

African Americans

States.” Short-acting bronchodila-
tor medications, such as albuterol,
are the first line of treatment for
asthma symptoms in the United
States regardless of disease sever-
ity.” Bronchodilator drug response
(BDR) varies widely across popula-
tions. Puerto Rican children with

Conclusions: Decreased Native American
ancestry coupled with increased air pollu-
tion exposure was associated with increased
BDR in Puerto Rican children with asthma.
Our study acknowledges BDR'’s phenotypic
complexity, and emphasizes the importance
of integrating social, environmental, and bi-
ological data to further our understanding of
complex disease. Ethn Dis. 2021;31(1):77-
88; doi:10.18865/ed.31.1.77
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asthma demonstrate the lowest BDR
compared with all other groups.®

Variability in BDR may contrib-
ute to asthma disparities in morbid-
ity and mortality. BDR is a complex
phenotype with an estimated herita-
bility of approximately 28.5%, indi-
cating that variation in BDR is sig-
nificantly impacted by both genetic
and environmental factors.” Previous
research has focused primarily on
identifying single biological, envi-
ronmental, or social factors associat-

We investigate the impact
of linear and non-linear
interactions between
clinical, environmental,
and psychosocial factors
on bronchodilator drug
response in Puerto Rican

children with asthma. ..

ed with BDR. While there have been
significant discoveries for indepen-
dent effects associated with BDR,
these associations account for only a
small portion of the trait’s estimated
heritability, leaving the majority of
the variation in BDR undefined.®

A growing body of evidence sug-
gests that gene-gene and gene-envi-
ronment interactions have a signifi-
cant impact on variation in complex

phenotypes such as BDR.” Compar-
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atively few population-based studies
of complex disease have incorporat-
ed interaction effects, and the major-
ity of the studies that have attempt-
ed to assess interaction effects in
pulmonary research have employed
regression-based methods aimed
at identifying linear, or additive,
interactions.'” A growing body of
evidence supports the presence and
importance of epistatic (non-linear)
interactions between genetic and en-
vironmental factors in the etiology
of complex phenotypes.'"'? How-
ever, due to their non-linear nature,
epistatic interactions are not reliably
captured by the standard regression-
based methods characteristic of large
genetic/epidemiological studies.

We postulate that a portion of the
undefined heritability in BDR could
be attributed to the impact of epi-
static interactions between biological,
environmental, and psychosocial fac-
tors. Although Puerto Ricans carry a
disproportionate share of the asthma
burden in the United States, this pop-
ulation has been historically under-
represented in asthma research, and
as a result, has been both understud-
ied and underserved." To our knowl-
edge, a comprehensive evaluation of
linear and epistatic interactions be-
tween genetic, environmental, and
social factors on variation in BDR
has never been performed in Puerto
Rican children with asthma. In this
study, we investigate the impact of
linear and non-linear interactions
between clinical, environmental, and
psychosocial factors on BDR in Puer-
to Rican children with asthma using
analytical methods that acknowledge
and embrace the complexity of this
important asthma-related phenotype.
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METHODS

Study Participants

The Genes-environment and
Admixture in Latino Americans
(GALA 1I) study is an ongoing
case-control study that began in
2006 aimed at discovering genetic
and environmental factors associat-
ed with asthma and asthma-related
phenotypes in Latino children. The
study design for this cohort is de-
scribed in detail elsewhere.® Briefly,
self-identified Latino children with
and without asthma between the
ages of 8-21 years were enrolled in
the GALA II study at several clini-
cal sites in the continental United
States and Puerto Rico. Biological
samples, environmental exposures,
and demographic and clinical data
were collected at study enrollment.
The current study population in-
cludes 658 GALA II participants
who self-identified as Puerto Rican
with complete phenotypic and ge-
netic information. Our replication
population includes 514 GALA II
participants who self-identified as
Mexican American with complete
phenotypic and genetic informa-
tion (Supplemental Table 1, avail-
able from corresponding author).

Predictor Variables

Information on socioeconomic
status (SES) and experiences of dis-
crimination (EOD) were collected
via questionnaire as previously
described.'*" Briefly, a compos-
ite score for SES was derived from
three socioeconomic factors: moth-
er’s educational attainment, insur-
ance status, and household income
weighted by region. Each composite



score was then assigned a value of
low SES (0), medium SES (1), and
high SES (2). For the purposes of
this study, EOD data were dichoto-
mized into two categories; no expe-
riences of discrimination (0) and at
least one experience of discrimina-
tion (1). Body mass index (BMI)
was calculated for each participant
(BMI = kg/ m?). BMI percentile val-
ues were generated using a standard
reference population according to
the guidelines from the US Centers
for Disease Control and Preven-
tion growth charts.’® Obesity is a
known asthma risk factor and co-
morbidity that has been shown to
significantly affect bronchodilator
response in pediatric populations.'®
BMI percentiles were dichoto-
mized by obesity status (OBESE),
where obesity status was defined as
BMI > 95th percentile (obese) or
BMI <95th percentile (non-obese).

Air pollution exposure was de-
fined as the measure of average life-
time exposure to particulate matter
<2.5 pm in size (PMz.s) prior to
recruitment gathered from the geo-
graphic coordinates of each partici-
pant’s residence using the TomTom/
Tele ATLAS EZ-locate
(TomTom, Amsterdam, the Nether-
lands). Coordinates were linked to

software

regional ambient daily air pollution
data from the US Environmental
Protection Agency Air Quality Sys-
tem. The inverse distance-squared
weighted lifetime average of PM, |
exposure was then calculated from
up to four air pollution monitoring
stations within 50 km of the partici-
pant’s residential geographic coordi-
nates. Median PM, , was calculated
for each recruitment site. Individual
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PM, | exposure measurements for
each study participant were then di-
chotomized as less than or greater
than the site-specific PM, , median.

All study participants were pre-
viously genotyped using the Axiom®
LAT1 array (World Array 4, Af-
fymetrix, Santa Clara, CA) as de-
scribed elsewhere.'” Global ancestry
was determined for each study par-
ticipant using the ADMIXTURE
software package.'® ADMIXTURE
was run unsupervised assuming
three ancestral populations (Afri-
can, European, and Native Ameri-
can) to calculate the proportion of
global African (AFR), Native Amer-
ican (NAT), and European (EUR)
ancestry for each participant. Refer-
ence haplotypes were gathered from
HapMap phase III CEU (Euro-
pean) and YRI (African). Reference
haplotypes for Native American an-
cestry were derived from 71 Native
Americans previously genotyped
using the Axiom LAT1 array.”

Outcome Variable:
Bronchodilator Drug Response
(BDR)

Spirometric testing was per-
formed to collect measurements
of forced expiratory volume in
one second (FEV)), at the time
of study enrollment for all par-
ticipants, as previously described.”
FEV, is commonly used to de-
scribe baseline lung function in
adult and pediatric populations.”
Maximal BDR was calculated ac-
cording to American Thoracic So-
ciety/European Respiratory Society
guidelines and was defined as the
percent change in FEV, (A FEV))
after treatment with albuterol, cal-
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culated as shown in the equation: *°

AFEV, = (post bronchodilator-
FEV, - pre bronchodilator-FEV /
prebronchodilator-FEV ) x100%

A clinically meaningful broncho-
dilator response is defined as AFEV|
> 12%.”” BDR was analyzed as a di-
chotomous variable; individuals were
classified as bronchodilator respond-
ers (AFEV, > 12%) and bronchodila-
tor non-responders (AFEV, < 12%).

Outcome Variable: Baseline
Lung Function (FEV, Percent
Predicted)

Correct interpretation of FEV,
measurements requires the use of age,
sex, and race/ethnicity specific refer-
ence values. The Hankinson predic-
tion equation was used to generate
predicted FEV, values for each study
participant.” We then compared actu-
al FEV values (measured as described
in the preceding subsection) to pre-
dicted FEV, values to determine the
percentage of predicted FEV | actually
achieved by each participant. FEV,
percent predicted values were then di-
chotomized to indicate optimal (actual
FEV, >80% predicted FEV, ) and com-
promised (measured FEV, < 80% pre-
dicted FEV)) baseline lung function.

Statistics

Visualization of Statistical
Epistasis Networks (ViSEN)
Interaction Analysis

ViSEN is a non-parametric entro-
py-based method capable of identi-
fying interactions with and without
the presence of single variant (main)
effects.” Previous studies have shown
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that ViSEN is as powerful as standard
regression-based tests in identifying
additive effects, and more powerful
than standard regression-based meth-
ods in identifying non-linear, syner-
gistic, interaction effects.”** ViSEN
uses a measure from information the-
ory called information gain (IG) to
gauge the strength of the association
between an interaction model and a
specified outcome or phenotype. I1G
describes the percentage of variation
in phenotype class (ie, BDR status)
explained by a given interaction. Mu-
tual information (MI) describes the
percentage of variation in phenotype
class explained by the independent
effects of a single variable (main ef-
fects). For a given phenotype, ViISEN
constructs an interaction network
composed of the underlying biologi-
cal and environmental factors im-
pacting variation in phenotype that is
centered on the strongest interaction
effects rather than the strongest main
effects. ViSEN’s IG calculation ex-
plicitly excludes the MI from each of
the single variables that contribute to
any given interaction model. This en-
sures that VIiSEN identifies only “gen-
uine” synergistic interaction effects,
rather than “de facto” interaction ef-
fects that are merely artifacts of strong
main effects. Permutation of BDR
status (n = 1000) was used to create
an empirical IG distribution, estimate
IG p-values, and correct for multiple
testing, as previously described.”
Interactions were deemed statisti-

cally significant with the IG P <.05.

Covariate Adjustment for ViISEN
Analyses

Age and sex were identified as
potential confounders in our study.
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Therefore, it was necessary to adjust
for age and sex in our ViSEN analy-
ses. The ViSEN software, however,
is currently unable to directly ad-
just for covariates. Following a pre-
viously published protocol used to
incorporate covariates into ViSEN
analyses, we employed the local
(LCO)

method to adjust for the effects of
26,

case-control subsampling

age and sex.”*” Local case-control
subsampling adjusts for covariates
in a dataset by extracting a subset of
individuals from the original dataset
that consists of only the individuals
for which prediction based on the
covariates alone does not explain
their case-control status well. For
this subset of individuals, the impact
of the specified covariates on case-
control status is effectively removed.

We generated an unadjusted (for
covariates) ViSEN interaction net-
work model for BDR in our study
population and calculated the IG for
all possible pairwise (two variable)
interaction models constructed from
our six predictor variables; OBESE,
SES, EOD, PM, ., NAT, and AFR.
Since ViSEN can accept only dis-
crete variables as predictor and out-
come variables, all variables used
in ViSEN analyses were recoded as
described (Supplementary Table 2,
available from corresponding au-
thor). We also generated a ViSEN
interaction network model for BDR
adjusted for age and sex using a sub-
set of our study population (bron-
153 and

non-responders =

chodilator responders =
bronchodilator
167) selected as previously described
(LCC method) to assess the robust-
ness of significant ViSEN associa-
tions identified in the full dataset.
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Further Characterization of
Significantly Associated Interaction
Modlels Identified by ViSEN

All significant pairwise interac-
tion models associated with BDR
identified using ViSEN that re-
mained significant after adjustment
for age and sex, underwent addition-
al analyses to further elucidate the
nature of the relationship between
the specified interaction and BDR.
For significantly associated interac-
tions, participants were split into
groups defined by the specified in-
teraction, and further described in
terms of clinical and demographic
factors. If the identified interaction
model appeared to be non-linear in
nature, descriptive statistics were
generated in the R computing en-
vironment and used to make pair-
wise comparisons between groups.

Since baseline lung function
(FEV)) is one of the strongest clinical
predictors of BDR,* any model with
a significant IG from ViSEN analy-
sis using BDR as the outcome was
analyzed a second time in ViSEN us-
ing FEV (dichotomized as described
above) as the phenotypic outcome.
We performed both unadjusted (full
dataset) and adjusted (LCC subset
adjusted for age and sex; bronchodi-
lator responders = 86 and broncho-
dilator non-responders = 94) ViSEN
analyses. If the interaction was also
found to be significantly associated
with FEV , and remained significant
after adjustment for age and sex, me-
diation analysis was performed to de-
termine if the association with BDR
was due to an intermediate associa-
tion with FEV,. Mediation analysis
was performed in the R computing
environment using the Robust Me-
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Table 1. Demographics for study population of Puerto Rican children

Bronchodilator responders Bronchodilator non-responders pa
Sample size, N 318 340 -
Sex, % female 40% 44% .25¢
Age, yrs, mean (SE) 11.7 (17) 12.0 (.15) .04b
Baseline lung function, median (SE) 81.28 (.87) 91.03 (.90) 4.08 x 1015
non-obese 210 230
Obese obese 108 110 72
low 96 106
SES medium 66 74 .65
high 156 160
<median 146 185
PM, >median 172 155 04
none = 0 277 304
EOD yes > 1 41 36 43
Global ., AR 23% (.007) 22% (.006) 49P
obal ancestry, % -\ xr 10% (.002) 11% (.003) 260
mean (SE)
EUR 67% (.007) 67% (.006) .67°

SES, socioeconomic status; PM, ,, particulate matter <2.5 microns in diameter; EOD, perceived experience of discrimination; EUR, European ancestry; NAT, Native
American ancestry; AFR, African Ancestry; SE, standard error.
a. significant associations. Ps were generated from the Chi-square test unless otherwise indicated.

b. P generated from the Wilcoxon Rank Sum test.

c. P generated from the difference in proportions test.

diation (robmed) package.” Robust
mediation analysis used median
regression and bootstrapping (n =
5000) to generate direct and indirect
effect estimates and 95%Cls. Ps were
computed from 95%Cls.*" For medi-
ation analysis, BDR and FEV, were
analyzed as continuous variables. All
mediation analyses were performed
using data from the full dataset

and were adjusted for age and sex.

RESsuULTS

Study Demographics

Our study included 658 Puer-
to Rican children and adolescents
with  physician-diagnosed asthma
GALA II cohort. Par-
ticipants were categorized by BDR
(318 bronchodilator re-
sponders and 340 bronchodilator

from the

status

non-responders) and demographic
variables were compared between
groups (Table 1). Significant differ-
ences in age (P=.04), baseline lung
function (4.08 x 10"°), and exposure
to PM,, (P=.04) were discovered
between bronchodilator respond-
ers and non-responders. It should
be noted that the average difference
in age between bronchodilator re-
sponders and non-responders was
.3 years (Table 1); while this differ-
ence may be statistically significant,
it is unlikely to be clinically relevant.

Identification of Pairwise
Interactions Associated with

BDR

ViSEN was used to create an
entropy-based interaction network
and analyze the relationships be-
tween all possible pairwise interac-
tions models (constructed from six

predictor variables; PM,,, EOD,
SES, OBESE, AFR, NAT) and
BDR (Figure 1). Only one interac-
tion model (PM, ., x NAT) was sig-
nificantly associated with BDR after
correction for multiple testing (un-
adjusted VIiSEN 1G%-=.53, P=.03)
(Figure 1). The association between
PM, . x NAT and BDR was robust
to adjustment for age and sex (ad-
justed ViSEN 1G%=1.34, P=.02).

Previous studies have shown
that Puerto Ricans have the lowest

BDR while the
can population displays the high-

Mexican Ameri-

est BDR among US populations.’!
To determine if PM,  x NAT in-
teraction effects observed in our
Puerto Rican study population were
conserved across the BDR pheno-
typic distribution, we attempted
to replicate our ViSEN results in
an independent population of 514
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BMiI

EOD

PM,

NAT

AFR

Figure 1. Interaction network of variables underlying variation in bronchodilator drug response

Graphical visualization of an entropy-based interaction network impacting BDR variation constructed by ViSEN. Gray nodes represent individual variables, while the size
of a node indicates the strength of the variables independent effect on BDR. Lines represent pairwise interactions between variables; the thickness of the line indicates the
strength of the pairwise interaction effect on BDR measured by information gain (IG). Significant pairwise interactions (IG P<.05) are colored in orange. EOD, experience
of discrimination; AFR, African ancestry; NAT: Native American ancestry; OBESE: obesity status; SES, socioeconomic status; PM, .: Particulate matter <2.5 um in size.

Mexican American children. The
association between the PM,  x
NAT
not significant in Mexican Ameri-
can children (unadjusted ViSEN
1G%=.02%, P=.73; age and sex ad-
justed ViSEN 1G%=.23%, P=.43).

interaction and BDR was
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Further Characterization of the
PM, .x NAT Interaction Model
Thorough investigation of the
PM, . x NAT interaction model re-
vealed that the interaction’s rela-
tionship with BDR was non-linear
(Figure 2). Only participants in

Ethnicity & Disease, Volume 31, Number 1, Winter 2021

PM,, x NAT interaction Group
3 (increased PM, exposure and

NAT)

responsiveness  to

decreased demonstrated

clinical bron-
chodilator treatment (Figure 2).
We then compared measure-

ments of our five other ViSEN



predictor variables (SES, OBESE,
EOD, AFR, and baseline lung func-
tion) between NAT x PM, ; interac-
tion groups. Baseline lung function
was the only predictor that differed
significantly by PM, . x NAT in-

teraction status. Pairwise compari-
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sons, using interaction Group 3 as
the reference group, revealed that
participants in interaction Group
3 had significantly lower base-
line lung function (median FEV,
% predicted = 82%) compared to
all other groups (Group 1 median

FEV| % predicted = 88%, P=.0006;
Group 2 median FEV| % predicted
= 86%, P=.03; Group 4 median
FEV, % predicted = 86%, P=.02)
(Figure 2). It should be noted that
while we did identify significant
differences in baseline lung func-

P=.03
| |
P=.02
| |
P =.0006*
| |
(0]
-
o
w ——
(O]
o
(@) /‘\_ 15
2 >
QW Clinical Response
o L 12 ®
e« 1 ?
© 10
=
o
c
(©)
cC 5
O I
| -
m ——
T T T T
GROUP 1 GROUP 2 GROUP 3 GROUP 4 PM, s x NAT
N =143 N =188 N = 186 N =141 Interaction
VPM,; YNAT  VPM,. ANAT  APM,; YNAT  APM,, ANAT Group

Figure 2. Variation in bronchodilator drug response by PM, . x NAT interaction group

Error plot graph of bronchodilator drug response by PM, . x NAT interaction group membership. Vertical lines denote the interquartile range (IQR) of group data; circles
indicate the group median. Orange lines indicate groups that achieved clinically significant BDR (A FEV, > 12%). Ps presented here are from the Dunn Test of differences
between groups; black brackets indicate the groups being compared. P-values in bold remained significant after correction for Bonferroni correction for multiple testing.

A FEV, is the difference in % of Predicted FEV, achieved before and after bronchodilator treatment. ¥ means that the group median < study population median; a
means that the group median > study population median. PM, , denotes exposure to particulate matter, while NAT indicates Native American genetic ancestry. FEV, forced

expiratory volume.

Ethnicity & Disease, Volume 31, Number 1, Winter 2021
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Baseline Lung

- Function o~
/7 71 N \\
//:// \\\\\\1
4 P
PM, - x NAT — BDR
Proportion of Total Interaction Effect P
Direct Effect 67% .035
Indirect Effect 33% .004

Figure 3. Direct and indirect effects of the PM,, x NAT interaction on bronchodilator drug response

Graphical representation of the effect of PM, , x NAT on BDR. The solid orange arrow indicates a direct effect of PM, ,x NAT on BDR; dotted orange arrows indicate
indirect effect of PM, , x NAT on BDR. The proportion of the total effect of PM, .x NAT on BDR due to direct and indirect effects, and the corresponding P, were calculated
via robust mediation analysis. Effect proportions and corresponding P presented above are based on bootstrap effect estimates (n=5000). NAT, Native American ancestry;
PM, ., particulate matter <2.5 um in size; BDR, bronchodilator drug response.

tion between PM, . x NAT interac-
tion groups, the interquartile range
(IQR) for each interaction group
is quite wide. This indicates high
variability in FEV| % predicted be-
tween individuals within the same
interaction group; this high de-
gree of inter-individual variability
is characteristic of FEV, measure-
ments. Though we have separated
individuals into groups defined by
PM, . and NAT, these groups are
by no means homogenous in terms
of FEV, measurements and this
should be taken into account when
determining the clinical relevance
of NAT x PM, _ group membership.

Baseline lung function (FEV,
% predicted) is one of the stron-
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gest clinical predictors of BDR.
decreased FEV, %
predicted has been associated with

increased BDR in children with
asthma.”® Given this @ priori knowl-

Specifically,

edge, we performed a secondary
ViSEN analysis to evaluate the ef-
fect of all possible pairwise inter-
actions between our six predictor
variables (and variation in FEV.
Once again, the PM,  x NAT in-
teraction was the only model sig-
nificantly associated with our out-
come (ViSEN I1G%=.53 %, P=.03).

As the PM, ; x NAT interaction
was associated with both BDR and
with FEV , we decided to perform a
mediation analysis to explicitly test
whether the significant association
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observed with BDR was merely an
artifact of an intermediate associa-
tion with FEV . One of the assump-
tions of mediation analysis is that
the effects are additive in nature; to
gain more power in our mediation
analysis, PM, ; x NAT groups were
recoded prior to mediation analy-
sis to simulate an additive effect as
follows: participants with increased
PM,  and decreased NAT (Group
1) vs all other study participants
(Group 2). Mediation analysis un-
covered significant direct (P=.03)
and indirect (P=.004) effects of the
PM,; x NAT interaction on BDR
(Figure 3). Although the indirect
effect of the PM,, x NAT interac-
tion on BDR, via the intermediate



phenotype of FEV , was statisti-
cally significant, it did not account
for the majority of the interac-
tions effect on BDR (33% of the
total interaction effect) (Figure 3).

DiscussioN

Increased asthma prevalence,
morbidity, and mortality, coupled
with a documented decreased re-
sponsiveness to albuterol, the most
commonly prescribed bronchodila-
tor medication in the United States,
underscore the disproportionately
heavy disease burden carried by
the Puerto Rican population. In-
vestigating the complex network of
linear and non-linear interactions
between biological, demographic,
and environmental factors impact-
ing variation in BDR, and focusing
our efforts on patient populations
with the highest risk of adverse out-
comes, is an essential step toward
addressing asthma health disparities.

Acknowledging recent evidence
that the uni-disciplinary strategies
historically favored in biomedical
research may not suffice when dis-
ease etiology is complex, we per-
formed a comprehensive trans-dis-
ciplinary study of BDR in Puerto
Rican children with asthma that
brought together clinical, biological,
environmental, and psycho-social
data.’” Our study identified a non-
linear interaction between air pol-
lution exposure (PM,,) and Native
American ancestry (NAT) that was
significantly associated with BDR
in a population of Puerto Rican chil-
dren with asthma. We found that
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Puerto Rican children with asthma
who had increased air pollution ex-
posure (PM,.) and decreased Na-
tive American ancestry displayed
increased BDR due, in part, to the
decreased baseline lung function
characteristic of this group. Of the
four groups defined by the PM, . x
NAT interaction model, only one
(Group 3; N = 186) had a median
BDR that crossed the threshold of
clinically relevant response to bron-
chodilator treatment, meaning that
the majority of our study population
(N = 472) may be non-responsive
to bronchodilator treatment. These
metrics are potentially valuable to
clinicians as a means of identifying
patients less likely to be respon-
sive to bronchodilator treatment.

Recent studies highlight the ex-
istence of quantile-specific effects
for gene-environment interactions.”
Owing to this observation, we chose
our replication population from the
opposite end of the BDR phenotypic
distribution (Mexican Americans) as
our study populations (Puerto Ri-
cans). Our failure to replicate the
significant interaction effect between
PM, . x NAT and BDR discovered
in Puerto Ricans in a population
of Mexican Americans indicates
that our interaction may be BDR
quantile-specific and/or population-
specific. Further studies incorporat-
ing diverse populations spanning the
BDR phenotypic spectrum are need-
ed to further characterize and vali-
date the impact of the PM, ,x NAT

interaction on variation in BDR.

Limitations

It is worth emphasizing that we

discovered a significant associa-
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tion between the PM,  x NAT in-
teraction and BDR using ViSEN,
that
employs information gain (IG), a

an entropy-based method

metric from information theory
typically used in machine learning.
If we had employed the standard
regression-based interaction analy-
sis methods characteristic of ge-
netic and epidemiological studies,

We found that Puerto
Rican children with
asthma who had increased
air pollution exposure
(PM, ) and decreased
Native American ancestry
displayed increased BDR
due, in part, to the
decreased baseline lung
function characteristic of

this group.

then the non-linear association be-
tween the PM,  x NAT interaction
and BDR may have remained hid-
den. While our study yielded posi-
tive results, it should be noted that
there are three potential limitations
inherent with the use of ViSEN in
identifying interaction effects that
should be carefully considered by

85



Ancestry, Air Pollution, and Asthma - Contreras et al

researchers interested in using this
method in studies of complex traits.

ViSEN is currently only able to
directly analyze dichotomous out-
comes; therefore, in order to analyze
in ViSEN,
they must first be collapsed into

continuous outcomes
a ranked form (ie, dichotomized)
manually prior to input into the pro-
gram. Dichotomization of continu-
ous outcomes may result in some
loss of information and could lead to
over-simplification of the resulting
interaction models. In the current
study, we were able to counter this
limitation by using a biologically
relevant threshold (clinical response
to BDR) to define BDR respond-
ers and non-responders thereby
increasing the interpretability of
the resulting interaction models.

Another potential limitation of
ViSEN is that the program requires
complete phenotypic data for each
participant. Reductions in sample
size due to missingness in the data-
set, coupled with potential decreases
in sample size following the LCC
subsampling method to correct for
confounders (if necessary), may re-
sult in a substantial loss of statisti-
cal power. This may mean that some
true interaction effects may not pass
correction for multiple testing in
studies with modest sample sizes.

The third
ViSEN program is its inability to

limitation of the

provide directionality to the in-
teraction effects that it identifies
(ie, whether membership in a par-
ticular interaction group correlates
positively or negatively with a given
outcome). To compensate for this
limitation in the current study, we

have supplemented ViSEN analysis
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with additional data visualization
and analysis (pairwise tests, media-
tion analysis) to provide more in-
formation about the potential im-
pact of our identified interaction on

BDR response (Figure 2, Figure 3).

CONCLUSIONS

Our study is a representation of
the novel discoveries that can result
from transdisciplinary team-based
research that embraces the complex-
ity of human disease. It is our hope
that future studies will embrace di-
versity of study populations, types
of data, and scientific expertise for
the improvement of patient care and
health outcomes for all patients, par-
ticularly in those areas, such as asth-
ma and asthma-related phenotypes
like BDR, that display significant

disparities between  populations.
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