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Rationale: The epidemiology of cigarette smoking-related chronic
obstructive pulmonary disease (COPD) is not well characterized
in Hispanics in the United States. Understanding how ethnicity influ-
ences COPD is important for a number of reasons, from informing
public health policies to dissecting the genetic and environmental
effects that contribute to disease.

Objectives: The present study assessed differences in risk between
Hispanics and non-Hispanic whites for longitudinal and cross-
sectional COPD phenotypes. Genetic ancestry was used to verify
findings based on self-reported ethnicity. Hispanics in New Mexico
are primarily differentiated from non-Hispanic whites by their pro-
portion of Native American ancestry.

Methods: The study was performed in a New Mexican cohort of cur-
rent and former smokers. Self-reported Hispanic and non-Hispanic
white ethnicity was validated by defining genetic ancestry propor-
tions at theindividual level using 48 single-nucleotide polymorphism
markers. Self-reported ethnicity and genetic ancestry were indepen-
dently used to assess associations with cross-sectional and longitu-
dinal measures of lung function. Multivariable models were adjusted
for indicators of smoking behavior.

Measurements and Main Results: Self-reported Hispanic ethnicity was
significantly associated with lower odds of COPD (odds ratio, 0.49;
95% confidence interval, 0.35-0.71; P = 0.007), and this protection
was validated by the observation that Hispanic smokers have re-
duced risk of rapid decline in lung function (odds ratio, 0.48; 95%
confidence interval, 0.30-0.78; P = 0.003). Similar findings were
noted when Native American genetic ancestry proportions were
used as predictors instead of self-report of Hispanic ethnicity.
Conclusions: Hispanic ethnicity is inversely associated with cross-
sectional and longitudinal spirometric COPD phenotypes even after
adjustment for smoking. Native American genetic ancestry may ac-
count for this “Hispanic protection.”
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

It is generally accepted that ethnicity affects susceptibility to
chronic obstructive pulmonary disease (COPD). Although
previous studies have suggested that Hispanics have reduced
risk for COPD compared with non-Hispanic whites, the
decline in lung function over time has not been compared
among these ethnic groups. In addition, in previous studies
Hispanic ethnicity was not defined using genetic ancestry
markers.

What This Study Adds to the Field

The present study demonstrates that Hispanic smokers have
a significantly reduced rate of decline in lung function
compared with non-Hispanic white smokers. This finding
was confirmed when comparing the risk for COPD at
baseline. Genetic analyses showed that New Mexican His-
panics have approximately one third Native American and
two thirds European ancestry. The Native American pro-
portion appeared to protect against lung function decline
and COPD risk. These findings highlight the need for
comprehensive studies in Hispanics to identify genetic fac-
tors that may be responsible for protection against COPD.

Chronic obstructive pulmonary disease (COPD) is the third
leading cause of death in the United States (1). Understanding
how ethnicity influences COPD is important for several reasons,
from informing public health policies to dissecting the genetic
and environmental effects that contribute to disease. Although
Hispanics comprise the largest minority population in the United
States, they typically have been excluded from most genetic and
clinical research, which may be partly due to the difficulty in
recruiting subjects from minority populations (2). Hispanics are
an ethnic population characterized by significant heterogeneity
in terms of culture, location, and genetic ancestry. Hispanic ge-
netic ancestry is generally comprised of European, Native Amer-
ican, and African proportions, and these proportions vary widely
among different Hispanic subgroups (3). For example, Hispanics
in Puerto Rico and the Southeastern United States display rela-
tively higher African ancestry, whereas Hispanics in the South-
western United States display relatively higher Native American
and lower African ancestry (4). The ancestry of Hispanics in New
Mexico can be traced to the original Spanish conquistadores,
Native American tribes of the region, and Mexican immigrants.
In the United States, New Mexico has the highest percentage
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(45%) of Hispanics, and New Mexican Hispanics are mostly
native born (84%) (5).

The epidemiology of COPD has previously been investigated
in New Mexican Hispanics using self-report and public records to
define ethnicity. Early studies using prevalence surveys found that
chronic bronchitis, emphysema, airway obstruction, and mortality
from COPD were lower in New Mexican Hispanics than in their
non-Hispanic white (NHW) counterparts (6, 7), although these
studies did not account for the heterogeneous nature of Hispanic
ethnicity (8). Because cigarette smoking is the leading risk factor
for the development of COPD, we previously compared cross-
sectional COPD outcomes between Hispanics and NHW individ-
uals in a New Mexican cohort of heavy smokers (9). That study
used self-reported ethnicity to compare 248 Hispanic and 1,185
NHW women in the Lovelace Smokers Cohort (LSC) and de-
termined that Hispanic female smokers have less airway obstruc-
tion than their NHW counterparts and that this difference could
not be fully explained by differences in cigarette smoking (9).

On the basis of our prior findings in New Mexico, we hypoth-
esized that Hispanic ethnicity is associated not only with a re-
duced risk of airflow obstruction at baseline but also with
reduced decline in lung function during follow up. Because prior
studies comparing COPD and COPD-related phenotypes in His-
panic and NHW populations in the United States have not used
genetic estimates of ancestry, we used ancestry informative
markers (AIMs) to more objectively define Hispanic ethnicity.
In addition, we extended prior studies through evaluating a larger
number of LSC participants that included both sexes.

Some of the results of this study have been previously reported
in the form of an abstract (International ATS Society Meeting,
2011).

METHODS
Study Population

Study participants were drawn from the Lovelace Smokers’ Cohort from
the Albuquerque, New Mexico metropolitan area. Inclusion criteria for
entry into the current study were age 40 to 75 years, current or former

1255

cigarette smoking (with a minimum of 10 pack-years), and the ability to
understand English. Information related to demographics and smoking
history was obtained by self-report.

Lung Function Measurements

All tests were conducted at Lovelace Scientific Resources as previously
described (9). Briefly, pre- and postbronchodilator spirometry meas-
ures were obtained by certified and registered respiratory therapists
strictly adhering to the 1994 American Thoracic Society guidelines
(10). Only postbronchodilator measures were used in the current study,
and subjects with reversible airflow limitation were excluded from all
analyses.

Outcomes

COPD. COPD was defined according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) criteria (FEV/FVC <
0.70) and an FEV/FVC ratio below the 5th percentile of the predicted
value, also referred to as the lower limit of normal (LLN) (11). Eth-
nicity specific reference equations from NHANES III were used (12).

Lung Function Decline. Rapid decliners were defined as individuals
with greater than 3% decline, and nondecliners were defined as individ-
uals with static or increasing absolute FEV; per year. This divided the
cohort approximately into tertiles so that case-control comparisons
could be made between those in the lowest and highest tertile. The
rate of decline was calculated as ml/yr decline of absolute FEV;.

Chronic bronchitis. Participants with self-reported cough productive
of phlegm for at least 3 months per year for at least 2 consecutive years
were considered to have chronic bronchitis (13).

Ancestry Informative Markers and Estimation
of Genetic Ancestry

Forty-eight AIMs were chosen from a set of 233 AIMs used previously
to assess ancestry and control for confounding by population stratifica-
tion (14). Estimates of population substructure based on the 48 AIMs
are similar to those based on analyses using the 233 AIMs. The 48 AIM
single-nucleotide polymorphisms used in the STRUCTURE analyses,
their allele frequencies in relevant populations (when available), and
their delta values are contained in Tables E1 and E2 in the online
supplement.

TABLE 1. DISTRIBUTION OF RISK FACTORS AND OUTCOMES IN SELF-REPORTED NON-HISPANIC WHITES

AND HISPANIC INDIVIDUALS

Hispanic (n = 369)

NHW (n = 1,580)

Characteristic n (%) Mean (SD) n or Mean (%) or (SD) P Value
Female 273 (74.0) 1,223 (77.4) 0.16
Age, yrs 53.9 (8.8) 57.0 (9.5) <0.001
At least HS education 166 (45.0) 1,189 (75.3) <0.001
Obese (BMI = 30 kg/m?) 125 (33.9) 462 (29.2) 0.08
BMI, kg/m? 28.7 (6.0) 28.0 (6.2) 0.02
Height, in 63.9 (3.24) 65.6 (3.38) <0.001
Cumulative pack-years 33.7 (15.5) 41.3 (21.5) <0.001
Packs smoked per day 1.01 (0.40) 1.24 (0.50) <0.001
Current smoker 284 (77.0) 851 (53.9) <0.001
Age of onset smoking, yr 16.7 (3.8) 16.9 (3.8) 0.45
Smoking duration, yr 33.4 (8.6) 33.4 (9.7) 0.98
COPD (GOLD) 55 (14.9) 466 (29.5) <0.001
COPD (NHANES Il LLN) 54 (14.6) 398 (25.2) <0.001
FEV,/FVC 77.1 (9.9) 72.8 (11.0) <0.001
FEV1, predicted 95.9 (18.4) 90.7 (19.5) <0.001
Chronic bronchitis 129 (35.0) 496 (31.4) 0.19
Rate of decline, ml/yr 13.8 (99.3) 37.1 (106.6) 0.006
Rapid decliners 37 (21.6)* 283 (31.6)* 0.009
Available AIM data 307 (83.2) 1,404 (88.9)

Definition of abbreviations: AIM = Ancestry information marker; BMI = body mass index; COPD = chronic obstructive pulmo-
nary disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease; HS = high school; LLN = lower limit of normal.
*Percentage based on number of individuals with two or more visits.
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TABLE 2. ODDS RATIOS FOR CHRONIC OBSTRUCTIVE PULMONARY DISEASE (GLOBAL INITIATIVE FOR
CHRONIC OBSTRUCTIVE LUNG DISEASE) USING SELF-REPORTED ETHNICITY IN ANALYSIS OF HISPANIC (N
= 369) AND NON-HISPANIC WHITE (N = 1,580) INDIVIDUALS*

Univariate Multivariable

Categorical OR Lower 95% Upper 95% P Value OR Lower 95%  Upper 95% P Value
Hispanic ethnicity 0.42 0.31 0.57 <0.001 0.49 0.35 0.71 0.007
Male sex 1.96 1.57 2.45 <0.001 1.97 1.38 2.80 <0.001
Not currently smoking ~ 1.11 0.9 1.36 0.33 0.71 0.55 0.90 0.006
Education < HS 0.98 0.79 1.22 0.84 1.09 0.85 1.41 0.49
Continuous

Height, in 1.06 1.03 1.09 <0.001 1.00 0.96 1.05 0.88
Pack-years (10 yr) 1.32 1.25 1.39 <0.001 1.18 1.12 1.24 <0.001
BMI, kg/m? 0.95 0.93 0.97 <0.001 0.95 0.93 0.97 <0.001
Age (10 yr) 2.10 1.87 2.35 <0.001 2.00 1.74 2.30 <0.001

Definition of abbreviations: BMI = body mass index; HS = high school; OR = odds ratio.
*Total n = 1,949. Analysis includes all Hispanic and non-Hispanic white individuals with available baseline data.

Population structure was analyzed using the Bayesian Markov Chain
Monte Carlo algorithm implemented in STRUCTURE 2.3.3 (15)
under the admixture model and using the locprior function (16).
STRUCTURE runs were performed using k = 3, with 10,000 burn-
ins and 10,000 Markov Chain Monte Carlo repetitions.

Statistical Analysis

Chi-square and Fisher’s exact tests were used for the univariate anal-
yses of categorical variables. Two-sample ¢ tests and Kruskal-Wallis
tests were used for continuous variables (Table 1).

For multivariable analysis of quantitative and categorical outcomes,
linear and logistic regression was performed using STRUCTURE pro-
portions or self-reported ethnicity as a predictor. Additional covariates
included age, height, body mass index (BMI), sex, pack-years smoking,
education, and current smoking status. Analyses involving longitudinal
decline were adjusted for absolute FEV; at baseline. In supplementary
analysis, lung function decline was assessed using mixed models, treat-
ing absolute FEV, as a repeated measure with time as a random effect.

All statistical analyses were performed in R version 2.12.0 (17) or
SAS version 9.2.

RESULTS

Of the 1,949 eligible participants in the Lovelace Smokers’ Co-
hort, 369 (18.9%) were Hispanic and 1,580 (81.1%) were NHW;
1,135 (58.2%) were current smokers; 1,506 were women
(77.3%); and 521 (26.7%) had COPD, as defined by the GOLD
criteria (Table 1). Compared with NHW individuals, His-
panics were more likely to be younger, to be current smokers,
to have higher BMI, to be shorter; and to have lower pack-years
of smoking, fewer packs smoked per day while smoking, and an

education not exceeding high school (P < 0.02 for all compar-
isons). Duration and age of onset of smoking were similar be-
tween Hispanic and NHW participants.

Cross-Sectional Analysis Showed that Self-lIdentified
Hispanics Are Less Likely Than NHW to Have COPD

Hispanics were significantly less likely to have COPD than NHW
individuals using GOLD or LLN definitions (P < 0.001 in both
analyses) (Table 1). Compared with NHW individuals, Hispanics
were also more likely to have higher FEV; percent predicted
and higher absolute FEV/FVC values (P < 0.001, both analy-
ses) (Table 1). There was no difference in chronic bronchitis
status between the two groups. In adjusted analysis, Hispanic
ethnicity was associated with a lower odds of COPD (GOLD)
(odds ratio [OR], 0.49; P = 0.007) (Table 2). Effect sizes for the
association of ethnicity with COPD remained similar in univar-
iate and multivariable modeling (Table 2). Other significant pre-
dictors of COPD were pack-years of smoking, current smoking
status, BMI, sex, and age (P < 0.006 for all analyses).
Alternative analytical strategies. The above results evaluating
COPD (GOLD) were similar for COPD (LLN) (Table E3). Prev-
alence ratios were also calculated to assess the potential for bias in
estimates of the ORs (18). Prevalence ratios and ORs were sim-
ilar for all analyses, as demonstrated when comparing Tables 2
and E4. An analysis was performed in which only individuals
with GOLD stage 2 through 4 were defined as having COPD,
and Hispanic ethnicity remained significantly associated with
lower odds of COPD (P < 0.001) (Table ES). Although men
were more likely to have COPD than women in the LSC, sex-

TABLE 3. ODDS RATIOS FOR RAPID DECLINE IN ABSOLUTE FEV; USING SELF-REPORTED ETHNICITY IN
ANALYSIS OF HISPANIC (N = 171) AND NON-HISPANIC WHITE (N = 895) INDIVIDUALS*

Univariate Multivariable
Categorical OR Lower 95% Upper 95% P Value OR Lower 95% Upper 95% P Value
Hispanic ethnicity 0.53 0.34 0.82 0.004 0.48 0.30 0.78 0.003
Male sex 0.82 0.54 1.24 0.34 0.63 0.35 1.14 0.13
Not currently smoking 1.12 0.82 1.52 0.47 0.89 0.62 1.26 0.50
Education < HS 1.36 0.97 1.91 0.07 1.53 1.06 2.19 0.02
Continuous
Height, in 0.98 0.94 1.03 0.49 0.95 0.88 1.02 0.12
Pack-years (10 yr) 1.09 1.02 1.17 0.02 1.08 1.00 1.17 0.06
BMI, kg/m? 0.99 0.96 1.01 0.25 0.99 0.97 1.02 0.51
Age (10 yr) 1.22 1.04 1.44 0.02 1.41 1.12 1.77 0.004
Baseline FEV4,100 ml 1.00 0.98 1.02 0.87 1.06 1.02 1.09 0.001

Definition of abbreviations: BMI = body mass index; HS = high school; OR = odds ratio.
*Total n = 1,066. Analysis includes all Hispanic and non-Hispanic white individuals with available longitudinal data.
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Figure 1. Analysis of population genetic STRUCTURE using 48 ancestry
informative marker single-nucleotide polymorphisms. Each vertical line
represents an individual subject. Self-reported ethnic groups are indi-
cated above (in the case of non-Hispanic white [NHW] individuals) and
below the bar plots. Analysis was performed using STRUCTURE (see
MeTHops). Colors in the bar graph correspond to assumed ancestral
populations represented by the k = 3 clusters: blue = European; red =
African-American, green = Native American. A representative subset of
the NHW sample is shown.

stratified analysis revealed that Hispanic ethnicity was associated
with reduced odds of COPD in men and in women (Table E6).
Statistical significance was not reached in men possibly due to
their smaller number.

Ethnicity effect is not confounded by smoking intensity. Ad-
ditional analyses were performed to assess potential confounding
of ethnicity by smoking behaviors. Hispanics appear to smoke less
intensely than NHW individuals, given their lower packs per day
while smoking (Table 1). Therefore, NHW and Hispanic partic-
ipants were matched on smoking intensity (packs per day while
smoking or cumulative pack-years, in separate analyses) using
a random sampling approach (see MATERIALS AND METHODS in
the online supplement) to determine if Hispanic ethnicity was
still independently associated with lower odds of COPD. The
median P value obtained in analyses matched for packs per
day while smoking was P = 0.001, with 97.5% of all P values
falling below the 0.05 threshold over 1,000 random samplings
(data not shown). The median P value obtained in analyses
matched for cumulative pack years was 0.002, with 96.8% of
all P values falling below the 0.05 threshold over 1,000 random
samplings (data not shown). These analyses suggest that smok-
ing intensity alone is unlikely to explain the Hispanic protection
against COPD.

Longitudinal Analysis Showed That Self-ldentified Hispanics
Have Less Rapid Decline in Lung Function Than
NHW Individuals

The association between self-reported ethnicity and decline in
lung function was investigated in 895 NHW and 171 Hispanic
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participants for whom longitudinal spirometric data were avail-
able. Individuals included in the longitudinal analysis did not dif-
fer from those included in the cross-sectional analysis in terms of
ethnicity, smoking behavior, and baseline lung function (data not
shown). Univariate analysis revealed that Hispanics were less
likely to be categorized as rapid decliners than were NHW indi-
viduals (P = 0.009) (Table 1) and that average yearly decline in
absolute FEV; was lower among Hispanics (13.8 ml/year) com-
pared with NHW individuals (37.1 ml/yr) (P = 0.006) (Table 1).
After adjustment for smoking and other covariates, Hispanic
ethnicity remained associated with lower odds of rapid decline
(OR, 0.48; P = 0.003) (Table 3) and lower rate of yearly decline
in FEV; (PE = 26.13 ml/yr; P = 0.005) (Table E7). Hispanic
ethnicity was similarly associated with reduced decline in a con-
firmatory analysis using mixed modeling and treating absolute
FEV, as a repeated measure (P = 0.002).

High Native American Genetic Ancestry Proportion Is
Associated with Lower Cross-Sectional Likelihood of COPD
and Less Longitudinal Decline in Lung Function

There was a general agreement between self-reported ethnicity
and STRUCTURE-defined clustering using a set of 48 ancestry
informative markers to estimate individual ancestry proportions
(Figure 1). Self-declared ethnicity is highly correlated with Na-
tive American genetic ancestry. We regressed NA genetic an-
cestry against self-declared ethnicity, and it was highly predictive
(P <2 X 107'%). Additionally, we calculated the pseudo R* (19)
and observed that more than 80% of the variation in self-
declared ethnicity can be explained by Native American genetic
ancestry. STRUCTURE clusters were likely defining European
(blue), African (red), and Native American (green) ancestral
populations (see MATERIALS AND METHODS for analyses and Fig-
ure E1). The means and ranges of ancestry proportions for self-
reported Hispanics, NHW individuals, Native Americans, and
African-Americans in the LSC (as well as for Pima/Mayan and
Yoruban reference populations) are summarized in Table 4 and
depicted in Figure 1. New Mexican Hispanics showed a mean
Native American ancestry proportion of 0.33 (range, 0.18-0.54),
whereas NHW individuals showed a mean proportion of 0.01.
There was evidence of significant admixture within the self-
reported African-American and Native American groups and
for moderate European admixture within the Pima/Maya group,
consistent with previous studies of these Pima and Maya samples
(3, 20). Due to the small sample sizes of self-reported Native
Americans and African Americans within the LSC, all analyses
of COPD phenotypes were restricted to Hispanics and NHW
individuals.

Native American genetic ancestry proportions were used to
investigate associations with COPD-related phenotypes. Higher
Native American ancestry was associated with lower odds for
COPD, higher FEV; percent predicted, and higher absolute

TABLE 4. MEAN GENETIC ANCESTRY PROPORTION (AND RANGE) FOR EACH SELF-REPORTED RACIAL OR

ETHNIC GROUP

Cluster 2 (Native American) Cluster 3 (African)

n Cluster 1 (European)

LSC sample

NHW 1,404 0.98 (0.56-1.00)

Hispanic 307 0.65 (0.44-0.81)

African-American 25 0.24 (0.05-0.91)

Native-American 23 0.50 (0.03-0.91)
Public samples

Yoruban 153 0.01 (0.00-0.16)

Pima/Mayan 50 0.12 (0.03-0.43)

0.01 (0.00-0.44)
0.33 (0.18-0.54)
0.02 (0.00-0.10)
0.50 (0.09-0.97)

0.00 (0.00-0.02)
0.88 (0.57-0.97)

0.00 (0.00-0.40)
0.02 (0.00-0.17)
0.74 (0.09-0.95)
0.00 (0.00-0.00)

0.99 (0.83-1.00)
0.00 (0.00-0.01)

Definition of abbreviations: LSC = Lovelace Smokers Cohort; NHW = non-Hispanic white.
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TABLE 5. ODDS RATIOS FOR CHRONIC OBSTRUCTIVE
PULMONARY DISEASE (GLOBAL INITIATIVE FOR CHRONIC
OBSTRUCTIVE LUNG DISEASE) USING NATIVE AMERICAN GENETIC
ANCESTRY AS A PREDICTOR IN ANALYSIS OF HISPANIC (N = 305)
AND NIN-HISPANIC WHITE (N = 1,404) INDIVIDUALS*

Multivariable

Categorical OR  Lower 95% Upper 95% P Value
Native American genetic ancestry 0.47" 0.33 0.69 <0.001
Male sex 2.49 1.77 3.51 <0.001
Not currently smoking 0.78 0.60 1.01 0.06
Education < HS 1.00 0.79 1.35 0.82
Continuous
Height, in 0.97 0.94 1.01 0.15
Pack-years (10 yr) 1.21 1.14 1.28 <0.001
BMI, kg/m? 0.94 0.92 0.97 <0.001
Age (10 yr) 1.91 1.64 2.20 <0.001

Definition of abbreviations: BMI = body mass index; HS = high school; OR =
odds ratio.

*Total n = 1,709. Analysis includes all Hispanic and non-Hispanic white indi-
viduals with available baseline and ancestry informative marker data.

 This odds ratio for chronic obstructive pulmonary disease represents the re-
duction in odds when Native American genetic ancestry proportion is increased
by 0.32; this is the mean difference in Native American genetic ancestry between
Hispanics and non-Hispanic whites.

FEV{/FVC (Table E8). Native American genetic ancestry was
not significantly associated with chronic bronchitis. The ORs
when evaluating COPD (GOLD) were similar whether using
self-reported ethnicity (Table 2) or Native American genetic
ancestry (Table 5) as predictors. A unit, which was equivalent
to the mean difference in Native American proportion between
Hispanics and NHW individuals in the LSC, was used to convert
the ORs and confidence intervals in Table 5 so that they are
comparable to those based on self-reported ethnicity in Table 2.
This OR for COPD represents the reduction in odds when NA
genetic ancestry proportion is increased by 0.32; this is the mean
difference in NA genetic ancestry between Hispanics and NHW
individuals (Table 4).

Higher Native American genetic ancestry was also associ-
ated with reduced odds of rapid decline of absolute FEV;
(OR, 0.51; P = 0.006) (Table 6). Again, a unit equivalent to
the mean difference in Native American genetic ancestry be-
tween Hispanics and NHW individuals was used to make the
results of Table 6 comparable to those of Table 3. When eval-
uating, the adjusted point estimate based on ethnicity defined
by genetic ancestry was much larger (78.32 ml/yr) than that
obtained using self-reported ethnicity (26.13 ml/yr) (Tables E7
and E9). Native American genetic ancestry was similarly asso-
ciated with reduced decline in a confirmatory analysis using
mixed modeling and treating absolute FEV, as a repeated mea-
sure (P < 0.002).

Further cross-sectional analysis examining Native American
genetic ancestry within the self-identified “Hispanics only” sub-
set showed that Hispanics with high Native American genetic
ancestry were less likely to have COPD than Hispanics with low
Native American genetic ancestry (Table E10). For this analysis,
Hispanics were dichotomized into high and low Native American
genetic ancestry using the mean Native American proportion as
the cut point. Although these differences did not reach statistical
significance, the OR in this subset (0.55) (Table E10) was similar
to that seen for the entire group (OR, 0.47) (Table 5). Linear
modeling also revealed similar trends for higher Native Ameri-
can genetic ancestry and higher FEV, and FEV/FVC, although
these results did not reach statistical significance (data not
shown).

TABLE 6. ODDS RATIOS FOR RAPID DECLINE IN ABSOLUTE FEV,
USING SELF-REPORTED ETHNICITY IN ANALYSIS OF HISPANIC
(N = 169) AND NON-HISPANIC WHITE (N = 891) INDIVIDUALS

Multivariable

Categorical OR*  Lower 95% Upper 95% P Value
Native American genetic ancestry 0.51% 0.32 0.83 0.006
Male sex 0.62 0.34 113 0.12
Not currently smoking 0.89 0.63 1.26 0.50
Education < HS 1.57 1.09 2.26 0.02
Continuous

Height, in 0.95 0.89 1.02 0.15
Pack-years (10 yr) 1.08 1.00 117 0.06
BMI, kg/m? 0.99 0.97 1.02 0.53
Age (10 yr) 1.40 1.10 1.76 0.005
Baseline FEV;, 100 ml 1.06 1.02 1.09 0.001

Definition of abbreviations: BMI = body mass index; HS = high school; OR =
odds ratio.

* This odds ratio for decline in FEV; represents the reduction in odds when
Native American genetic ancestry proportion is increased by 0.32; this is the
mean difference in Native American genetic ancestry between Hispanic and
non-Hispanic white individuals.

t Total n = 1,060. Analysis includes all Hispanic and non-Hispanic white indi-
viduals with available longitudinal and AIM data.

DISCUSSION

Ethnicity is a cultural construct with environmental, social, and
genetic components, which influences the prevalence and morbid-
ity of complex diseases. This longitudinal study of current and for-
mer smokers of Hispanic and NHW ethnicity in New Mexico
demonstrates two important findings: () Self-reported Hispanic
ethnicity is significantly associated with lower odds of COPD in
cross-sectional analysis as well as less decline in absolute FEV, in
longitudinal analysis, and (2) similar associations are noted when
Native American genetic ancestry proportions are used as a pre-
dictor. We further demonstrate that the “protective effect” of
self-reported Hispanic ethnicity in New Mexican smokers toward
lung disease is more likely explained by their Native American
ancestry rather than by their lower pack-years of smoking. The
present study validates our previous findings (9) using a larger
sample of smokers that now includes men and extends those
findings by evaluating longitudinal decline in lung function and
using genetic ancestry in addition to self-reported ethnicity.
Previous reports have shown that among smokers in New Mex-
ico, Hispanics consume fewer cigarettes per day than NHW indi-
viduals (21). Consistent with this, Hispanics in the LSC had fewer
pack years but similar duration of smoking as NHW individuals.
However, they also were significantly more likely to be currently
smoking. Examination of these smoking variables and appropri-
ate adjustment in the regression models indicated that Hispanic
protection against poor lung function outcomes is not explained
by differences in smoking behaviors between Hispanics and
NHW individuals. This was further confirmed by analyses that
matched Hispanics and NHW individuals on cumulative pack
years of smoking or packs per day while smoking.
Self-reported Hispanic and NHW ethnicity was reasonably
well correlated with estimates of genetic ancestry in the current
study. Significant associations between ethnicity and COPD out-
comes are observed whether using the estimated Native American
proportion as a continuous predictor or using self-reported ethnic-
ity as a categorical predictor. These findings suggest that the dif-
ference in susceptibility to COPD between NHW individuals and
Hispanics may be explained by disease protective or risk alleles
being present at higher frequencies in the Native American or Eu-
ropean genetic backgrounds, respectively. Given the differences
in risk for COPD between Hispanics and NHW individuals,



Bruse, Sood, Petersen, et al.: Hispanic Ethnicity Protects from COPD Risk

admixture mapping in Hispanics is an attractive approach for
identifying genetic risk factors (8, 22). A number of reports have
identified reduced panels of markers appropriate for admixture
mapping in Hispanics (20, 23, 24). The current study provides
evidence that the phenotypes of COPD and longitudinal decline
in FEV; are excellent candidate phenotypes for admixture map-
ping in New Mexican Hispanics.

In “Hispanics only” analyses, higher Native American ge-
netic ancestry was associated with less COPD, although this
finding did not reach statistical significance. The current study
has limited power for “Hispanics only” analysis, given the rel-
atively small number of Hispanics in the LSC. Nonetheless, the
overall findings of the current study may help explain observa-
tions reported in the PLATINO study in five Latin American
cities (25). In that study, the prevalence of COPD was signifi-
cantly lower (7.8%) in Mexico City, where the population has
a larger proportion of Native American ancestry, than in Mon-
tevideo (20%), where the population has a much larger propor-
tion of European ancestry. We hypothesize that detailed studies
of the Native American genetic proportion of the Hispanic
populations in those cities would help clarify these findings.

The “Hispanic Paradox” refers to the fact that, despite worse
socioeconomic indicators and higher prevalence of comorbidities,
Hispanics have a lower all-cause mortality rate than NHW indi-
viduals. Hispanics in the LSC had significantly lower educational
level and income than NWH individuals (data not shown). Lower
education level and lower income has previously been shown to be
independently associated with a wide array of poor COPD-related
health outcomes (26). However, Hispanics show protection against
FEV, decline and COPD in spite of these lower socioeconomic
indicators, suggesting a large influence by unknown protective fac-
tor(s) against COPD. Although we did not assess correlations
between ethnicity and mortality, it is likely that the apparent pro-
tective effect of Hispanic ethnicity against COPD and lung func-
tion decline translates into reduced mortality and thus may partly
explain the Hispanic paradox. Indeed, previous data by Samet and
colleagues showed that mortality from COPD in New Mexican
Hispanics is lower than that for NHW individuals (7).

A limitation of our study is that AIMs are highly correlated
with self-reported ethnicity; hus, the observed associations could
primarily be due to unstudied environmental covariates, such as
diet, exposure to outdoor and work place air pollution, or psy-
chosocial stress factors. In addition, smoking behavior is a com-
plex variable that may not be completely captured by measures
such as pack years and current smoking status. It is difficult to
account for factors such as type of cigarettes, depth of inhalation,
or number of puffs per cigarette, which may differ between
NHW individuals and Hispanics. However, previous reports pro-
vide evidence that Hispanics may underreport amount of ciga-
rette smoking (27), which, if underestimated in our study,
would only strengthen the observed protective nature of His-
panic ethnicity. Finally, because the participants to the LSC
were recruited from the community using newspaper and radio
advertisement, our study cohort may not be representative of all
smokers in New Mexico and in other parts of the United States.

The current study, using well defined estimates of genetic an-
cestry to investigate risk for COPD, provides a foundation for
understanding differences in COPD risk in other Hispanic sub-
groups in future studies. Future directions in the LSC include re-
cruitment of a larger number of Hispanic participants to identify
specific genetic loci that may confer resistance to COPD.
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