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Rationale: Gene promoter methylation detected in sputum predicts
lung cancer risk in smokers. Compared with non-Hispanic whites
(NHW), Hispanics have a lower age-standardized incidence for lung
cancer.
Objectives: This study compared the methylation prevalence in spu-
tumofNHWswithHispanics using the Lovelace Smokers cohort (n¼
1998) and evaluated the effect of Native American ancestry (NAA)
and diet on biomarkers for lung cancer risk.
Methods: Genetic ancestrywas estimated using 48 ancestrymarkers.
Diet was assessed by the Harvard University Dietary Assessment
questionnaire. Methylation of 12 genes was measured in sputum
usingmethylation-specific polymerase chain reaction. The association
between NAA and risk for methylation was assessed using gener-
alized estimating equations. The ethnic difference in the associa-
tion between pack-years and risk for lung cancer was assessed in
the NewMexico lung cancer study.
Measurements and Main Results: Overall Hispanics had a significantly
increased risk formethylationacross the12genes analyzed (odds ratio,
1.18; P¼ 0.007). However, the risk was reduced by 32% (P¼ 0.032) in
Hispanics with high versus low NAA. In the New Mexico lung cancer
study,Hispanicnon–small cell lungcancercaseshavesignificantly lower
pack-years than NHW counterparts (P ¼ 0.007). Furthermore, com-
pared with NHW smokers, Hispanic smokers had a more rapidly
increasing risk for lung cancer as a function of pack-years (P¼ 0.058).
Conclusions: NAAmay be an important risk modifier for methylation
inHispanic smokers.Smoking intensitymayhaveagreater impacton
risk for lung cancer in Hispanics compared with NHWs.
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Lung cancer is the leading cause of cancer death inmen andwomen
in the United States mainly because of a lack of established early
screening strategies. Silencing of tumor-suppressor genes through
promoter methylation is a major and causal epigenetic event that
occurs during lung cancer initiation and progression (1). The de-
tection of promoter methylation in exfoliated lung cells collected
in sputum samples provides an assessment of the extent of field
cancerization in the lungs and is a validated biomarker for iden-
tifying smokers at higher risk for lung cancer incidence (2, 3).
Several studies conducted by our group and using the Lovelace
Smokers cohort (LSC) identified sex, dietary factors, and variants
in genes involved in DNA replication, DNA damage response,
and one-carbon metabolism and transsulfuration pathways as im-
portant factors affecting this epigenetic alteration in the lungs of
smokers (4–7).

Hispanics are one of the fastest growing populations in the
United States, accounting for 16.3% (50.5 million per 310 million)
of the US population in 2010 (8). New Mexico has the highest
percentage (45%) of Hispanics of any state, with 83% of these
native-born and 17% foreign-born (9). New Mexican Hispanics
display relatively higher European and Native American ancestry
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

The detection of promoter methylation in exfoliated lung
cells provides an assessment of the extent of field cancer-
ization and is a validated biomarker for predicting lung
cancer risk in smokers. Compared with non-Hispanic whites,
New Mexican Hispanics have lower age-standardized inci-
dence rates for lung cancer and lower prevalence of chronic
obstructive pulmonary disease that may be linked in part
to lower cigarette smoking, Native American ancestry,
and lifestyle.

What This Study Adds to the Field

Although Native American genetic ancestry in Hispanics is
protective against acquiring gene methylation, Hispanics on
average still have a significantly increased risk for promoter
methylation. Using a lung cancer case-control study, we also
provide the first evidence that Hispanics may actually be
more susceptible for cigarette smoking–induced lung can-
cer. In addition, the higher risk for methylation in His-
panics may in part be explained by lower folate intake and
multivitamin use in this ethnic group.
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and lower African ancestry compared with Hispanics in Puerto
Rico and the Southeastern United States (10). Although His-
panics in the United States have worse average socioeconomic
indicators, Hispanics tend to have comparable or even better
health outcomes than non-Hispanic whites (NHW) (11). This
“Hispanic paradox” has been applied to smoking-induced pul-
monary diseases, such as chronic obstructive pulmonary disease
(COPD), with an observed 50% lower prevalence of COPD

in Hispanics (12). Hispanics also have 40–50% lower age-
standardized incidence rates for lung cancer compared with
NHWs in New Mexico and nationwide (8, 13). These observa-
tions have been suggested to be mainly caused by the tradition-
ally lower rates of cigarette smoking and fewer cigarettes per
day consumed by smokers (14). However, among smokers who
smoke less than 20 cigarettes per day, Hispanics still have a risk
of lung cancer that is approximately one-half to one-third that
of NHWs (15). In addition, New Mexican Hispanic smokers
have 50% reduced odds of COPD and reduced pulmonary func-
tion decline compared with NHWs even after controlling for
smoking history (12). Thus, these studies suggest that factors
other than tobacco smoke may contribute to the observed lower
incidence and/or prevalence of pulmonary diseases in Hispanic
smokers. Because Hispanics have a significant amount of Native
American ancestry (NAA) and Native Americans have the lowest
risk for lung cancer among New Mexican populations (13), NAA
may contribute to the lower incidence and/or prevalence for
smoking-induced pulmonary diseases in Hispanics. This premise
was strongly supported by studies demonstrating that higher
NAA is associated with better pulmonary function and lower
odds of COPD in Hispanics (12, 16).

Accumulating evidence from our group and others suggests
that subjects with different ethnic backgrounds may have dif-
ferent susceptibility for acquiring gene methylation during carci-
nogenesis. NHWpatients with lung cancer have significantly higher

TABLE 1. GENETIC ANCESTRY ESTIMATES FOR THE LSC SUBJECTS
AND THE PARENTAL POPULATIONS USING 48 ANCESTRY
INFORMATIVE MARKERS

Self-identified Ethnicity n

Genetic Ancestry (Mean Proportion 6 SD)

NAA European African

LSC subjects

NHW 1,526 0.03 6 0.03 0.97 6 0.03 0.00 6 0.02

Hispanic 418 0.35 6 0.07 0.63 6 0.07 0.02 6 0.02

Native American 23 0.53 6 0.29 0.47 6 0.29 0.00 6 0.00

African American 25 0.03 6 0.04 0.24 6 0.20 0.73 6 0.19

Parental populations

European 144 0.03 6 0.02 0.97 6 0.02 0.00 6 0.00

African 153 0.00 6 0.00 0.01 6 0.01 0.97 6 0.02

Native American 64 0.93 6 0.09 0.07 6 0.09 0.00 6 0.00

Definition of abbreviations: LSC ¼ Lovelace Smokers cohort; NAA ¼ Native

American ancestry; NHW ¼ non-Hispanic whites.

TABLE 2. CHARACTERISTICS OF LSC SUBJECTS BY ETHNICITY

Variable

Self-identified Ethnicity

P ValueHispanic NHW

n 341 1,199

Age, yr, mean 6 SD 54.4 6 9.0 56.9 6 9.5 1.4 3 1025*

Sex, male, % 27.8 20.5 0.004†

Current smokers, % 73.0 54.2 5.1 3 10210†

Pack-years, mean 6 SD 34.3 6 16.1 41.1 6 20.9 ,0.0001‡

10–26, % 34.0 22.8 2.2 3 1026†

26–37, % 33.4 30.6

37–145, % 32.6 46.5

Age started smoking, yr, mean 6 SD 16.3 6 3.7 16.7 6 3.6 0.09*

Duration of smoking, yr, mean 6 SD 34.0 6 8.8 33.6 6 9.7 0.41‡

Age quit smoking, yr, mean 6 SD 50.0 6 9.7 48.5 6 10.1 0.17*

Body mass index, kg/m2, mean 6 SD 28.8 6 5.4 28.1 6 5.7 0.048*

16–25, % 24.9 33.4 0.01†

25–30, % 39.9 36.0

30–61, % 35.2 30.5

Annual household income, %x

Under $20,000 34.3 24.9 0.03†

$20,000–40,000 29.6 32.4

Over $40,000 36.1 42.7

Education level, %jj

Less than college 55.6 24.5 ,1 3 10218†

Some college or above 44.4 75.5

Ancestry component, mean 6 SD

European ancestry 0.62 6 0.07 0.97 6 0.03 NC¶

Native American ancestry 0.36 6 0.07 0.03 6 0.03 NC¶

African ancestry 0.02 6 0.02 0.00 6 0.02 NC¶

Chronic obstructive pulmonary disease, yes, %** 17.1 39.2 1.5 3 10214†

Chronic mucous hypersecretion, yes, %†† 35.9 30.5 0.06†

Definition of abbreviations: LSC ¼ Lovelace Smokers cohort; NHW ¼ non-Hispanic whites.

* Student t test.
yChi-square test.
zWilcoxon rank sum test.
xData missing for 340 subjects.
jjData missing for 45 subjects.
¶Not calculated.

**Data missing for 14 subjects. Chronic obstructive pulmonary disease was defined according to the Global Initiative for

Chronic Obstructive Lung Disease criteria (FEV1/FVC , 0.70) (12).
yy Participants with self-identified cough productive of phlegm for at least 3 months per year for at least 2 consecutive years

were considered to have chronic mucous hypersecretion (12).
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prevalence ofO-6-methylguanine-DNAmethyltransferase (MGMT)
promoter methylation in tumors (31–45%) than East Asians (2–
16%) (17). Our recent study suggested that the ethnic difference of
MGMTmethylation in lung cancer may be largely accounted for by
a promoter-enhancer single-nucleotide polymorphism (rs16906252)
that regulates MGMT gene expression and has a large difference in
allele frequency between NHWs and East Asians (15–20% vs. 0%)
(18; S. Leng unpublished data). Furthermore, global methylation
levels in blood leukocytes and tumors were also affected by ethnic-
ity (19, 20). Based on the fact that Hispanics have lower prevalence
for smoking-induced pulmonary diseases and that gene methylation
detected in sputum is an intermediate biomarker for lung cancer,
we tested the hypothesis that NAA would modify the risk for
acquiring gene methylation in the lungs of Hispanic smokers
from the LSC.

METHODS

Lovelace Smokers Cohort

The LSC was established in 2001 to conduct longitudinal studies on bio-
markers of respiratory carcinogenesis and diseases in biologic specimens
from smokers at risk for lung cancer (7). Enrollment was restricted to
current and former smokers age 40–74 years with a minimum of 10 pack-
years of smoking. A detailed questionnaire written in English was used to
collect information on demographics; medical, smoking, and exposure
history; socioeconomic status; and quality of life. Participants completed
the adult version of the Harvard University Dietary Assessment question-
naire, a self-administered instrument that includes approximately 150
food items (4). Sputum was collected by induction and stored in Sacco-
manno fixative. All participants signed a consent form, and the Western
Institutional Review Board approved this project.

New Mexico Lung Cancer Study

The New Mexico lung cancer study is a population-based case-control
study that has been enrolling lung cancer cases through the Veterans
Hospital and the University of New Mexico Hospital since 2004 (21).
Control subjects with no history of any cancer were recruited from the
Veterans Smokers Cohort and the LSC and were frequency matched to
cases by age group (by 5-yr intervals), sex, smoking status (current vs.
former), and cohort. A total of 435 incident non–small cell lung cancer
(NSCLC) cases and 474 control subjects who are either NHW or His-
panic smokers were identified and included in data analysis with de-
mographics described in Table E1 in the online supplement.

Gene Promoter Methylation

Twelve genes were selected for methylation analysis in cytologically ade-
quate sputum samples based on our previous studies establishing their as-
sociationwith risk for lung cancer and their specificity tomethylation in lung
epithelial cells (1–3). Given the low percentage (,3%) of lung epithelial
cells in sputum samples that also varied significantly between individuals,
a two-stage nested methylation-specific PCR (MSP) was used to detect
methylated alleles (1–3). The gene names and primer sequences for MSP
are listed in Table E2.Methylation status for each individual gene was scored
as 0 (unmethylated) or 1 (methylated). Our assay can reproducibly detect
one methylated allele in a background of 10,000 unmethylated alleles (2).

Genotyping of Ancestry Informative Markers and Estimation

of Genetic Ancestry

IlluminaGoldenGate Genotyping assay (Illumina, Inc., San Diego, CA)
was used to genotype 1,998 LSC subjects for 48 ancestry informative
markers that have been used to establish precise estimates of genetic
ancestry from African, European, Native American, and East Asian
for each individual (12, 22; F. Gilliland, unpublished data). Genetic
ancestry was analyzed using the Bayesian Markov Chain Monte Carlo
algorithm implemented in STRUCTURE 2.3.3 (23) under the admixture
model. Self-identified ethnicity was used as prior population information to
enhance the detection of population admixture (23). Publicly available

genotype data from three parental populations (24) was used to seed the
STRUCTURE runs (Table 1).

Statistical Analysis

The association analyses between ethnicity (Hispanic vs. NHW) and risk
for gene methylation were restricted to 1,199 NHWs and 341 Hispanics
in LSCwith complete data formethylation, ethnicity, and covariates (Table
2). The association was assessed using generalized estimating equations
(GEE) in gee package (25) with a vector of the methylation status of 12
genes (1 for methylated status and 0 for unmethylated status for each
individual gene) for each individual smoker as the outcome. GEE mod-
eling was conducted under the assumption that the methylation status for
each individual gene in the outcome vector was binomially distributed and
a logit link function was used. Furthermore, GEEs incorporate the corre-
lation matrix among the 12 genes; the fixed covariance structure was
derived from the combined sample with the assumption of no ethnic
differences under the null hypothesis. Odds ratios (OR) and 95% confi-
dence intervals (CI) were calculated to quantify the magnitude of the
associations. This modeling approach is superior to others that usually
use a composite methylation index as the end point because it considers
the correlation structure among the 12-gene panel and increases the pre-
cision of the estimates. Several clinical variables, including age, sex, smok-
ing history (smoking status and pack-years), overweight or obesity (body
mass index >25), and chronic mucous hypersecretion status were selected
a priori and included in the final GEE models for covariate adjustment.
Social economic indicators (income and education) were not included in
the final models because of lack of association with risk for gene methyl-
ation and having missing values (not shown, Table 2). The protection of
NAA against acquiring gene methylation was assessed in Hispanics using
the GEE models with adjustment for the covariates and European and
African ancestry. Because of the low prevalence of RASSF1A methyla-
tion (,0.7%), the association analyses introduced above were also con-
ducted based on an 11-gene panel. Results similar to the analyses based on
the 12-gene panel were obtained (not shown). The association of individ-
ual gene methylation with ethnicity or NAA was also explored using
logistic regression models, but viewed as secondary analyses to reduce
the concern of multiple comparisons.

Differences in consumption of three dietary factors (folate, leafy
green vegetables, and multivitamins) were assessed between 214 His-
panics and 1,047 NHWs with both gene methylation and dietary data
available. The effect of inclusion of dietary factors on the association

Figure 1. The distribution of Native American ancestry (NAA) in the

Lovelace Smokers cohort subjects with self-identified non-Hispanic

whites (NHW) (n ¼ 1,526) and Hispanic ethnicity (n ¼ 418). The
smaller figure is the zoom-in of the NAA distribution in Lovelace Smok-

ers cohort subjects with NAA between 0.05 and 0.25. The two popu-

lations were separated at NAA of 0.198. All Hispanic smokers had NAA
greater than 0.198. In contrast, only 5 of 1,526 NHW smokers had NAA

greater than 0.198.
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between ethnicity and risk for gene methylation in LSC subjects (n ¼
1261) was assessed using GEE models as well.

NSCLC cases and control subjects enrolled in the New Mexico lung
cancer case-control study were unmatched for ethnicity and pack-years,
allowing assessment of the interaction between these two variables.
Because a direct comparison of ethnicity distribution between cases
and control subjects is sensitive to selection bias in a population-
based case-control design, we conducted an ethnicity-stratified analysis
to estimate the coefficients for pack-years using a logistic regression
model with adjustment for covariates. We also assessed the interaction
between pack-years and ethnicity for the risk for NSCLC using the like-
lihood ratio test in an unstratified analysis. The Hosmer-Lemeshow test
was used to assess the goodness of fit for logistic regression models.
No evidence for a lack of fit of the models in the overall analysis and
ethnicity-stratified analyses was identified (P . 0.25). All statistical
analyses were conducted in SAS 9.2 (SAS Institute Inc., Cary, NC)
and R 2.14 (R Foundation for Statistical Computing, Vienna, Austria;
http://www.R-project.org/).

RESULTS

Genetic ancestry estimates in the three reference populations cor-
related well with expected values (Table 1). Significant admixture
was identified in LSC subjects with self-identified Hispanic, Native
American, and African American ethnicity. The distribution of
NAA in NHWs and Hispanics is depicted in Figure 1 (n ¼ 1,944).
NAA of 418 Hispanic smokers ranged from 0.198 to 0.578 with an
average of 0.35. In addition, only 5 of 1,526 NHW smokers had
NAA greater than 0.198. This suggests a strong corroboration of
self-identified ethnicity by genetic ancestry analysis.

Compared with NHWs, Hispanics were more likely to be youn-
ger (54.4 vs. 56.9 yr); male (27.8% vs. 20.5%); current smokers
(73.0% vs. 54.2%); have lower pack-years (34.3 vs. 41.1 packs
per year); and have body mass index greater than or equal to
25 (75.1% vs. 66.5%). Socioeconomic status as reflected by annual
household income and college education was significantly lower in
Hispanics than in NHWs. Interestingly, Hispanics had lower prev-
alence of COPD (17.1% vs. 39.2%) but higher prevalence of
chronic mucous hypersecretion (35.9% vs. 30.5%) (Table 2).

Methylation prevalence of the 12 genes ranged from 0.7%
to 37.4% (Table 3). In 30 of 66 pairwise correlation tests, low
to moderate correlations with Pearson correlation coefficients
greater than 0.10 (P values , 0.0001) were identified for the
methylation status between genes (see Table E3). Hispanics and

NHWs had similar correlation matrices of the 12 genes (P ¼ 0.65,
not shown). GEE modeling identified that Hispanics had signifi-
cantly increased risk for gene methylation compared with NHWs
with adjustment for covariates (OR, 1.18; 95% CI, 1.05–1.32; P ¼
0.007) (Table 4). In addition, older age, male sex, and former
smoker were also identified as three major clinical variables sig-
nificantly (P values between 1023 and 1028) associated with in-
creased risk for gene methylation (Table 4). Because Hispanics
were more likely to be younger, male, and current smoker (Table
2), additional analyses were conducted to assess whether the effect
of ethnicity on the risk for gene methylation was confounded by
these three risk factors. Hispanics and NHWs were frequency-
matched on age group (by 5-yr intervals), sex (male vs. female),
and smoking status (current vs. former) using a random sampling
approach. This approach resulted in Hispanic and NHW samples
of the same size and with the same distribution of age, sex, and
smoking status. Random sampling was repeated 1,000 times to
avoid bias and for each random sampling the data was modeled
using GEE to assess the association between self-identified eth-
nicity and risk for gene methylation. On average, Hispanics had
17.3% increased risk for gene methylation compared with NHWs
(Figure 2A). The median significance level obtained in analyses
matched for age, sex, and current smoking status was P ¼ 0.03
with approximately 80% of all P values falling below the 0.10 over
1,000 random samplings (Figure 2B). These analyses suggest that
Hispanics have increased risk for gene methylation that is inde-
pendent of the effect of age, sex, and current smoking status.

The Hispanics (n ¼ 341) included in this study had a wide
range of NAA (0.198–0.578) (Figure 1), providing the opportunity
to study the effect of NAA on their risk for gene methylation.
GEE modeling assessed the influence of NAA as a continuous
variable for modulating the risk for gene methylation in Hispanics
with adjustment for the effects of African and European ancestry
and covariates. The difference between the 5th and 95th percen-
tiles of NAA (0.24 vs. 0.48) in Hispanics was used as the unit of
change in GEE models to estimate the ORs and 95% CIs. A
difference of 0.24 in NAA was associated with a 32% reduced
risk for gene methylation in Hispanics (OR, 0.68; P ¼ 0.032)
(Table 5). A secondary analysis was conducted to associate di-
chotomized NAA by its median (0.35) in Hispanics with the risk
for gene methylation and found that Hispanics with greater than
0.35 NAA had 30% reduced risk (P ¼ 0.03) for gene methylation
compared with those with less than 0.35 NAA (not shown). Con-
sistent associations seen between these two analyses suggest that
higher NAA is protective against acquiring gene methylation in
the lungs of Hispanic smokers.

Analyses of individual gene methylation identified multiple
genes whose methylation was associated with self-identified eth-
nicity or NAA (see Table E4). Five of 12 genes had 4.3–10.8%
increased prevalence for methylation in Hispanics compared
with NHWs (P , 0.04). Furthermore, 3 of 11 genes had more

TABLE 4. MULTIVARIATE ANALYSIS IDENTIFIED HISPANIC
ETHNICITY AS A RISK FACTOR FOR GENE METHYLATION*

Variable

Odds Ratio (95%

Confidence Interval) P Value

Age, 10 yr 1.09 (1.03–1.16) 0.0053

Male sex 1.38 (1.23–1.55) 3.8 3 1028

Current smoker 0.81 (0.72–0.90) 1.7 3 1024

Pack-years, 10 1.01 (0.98–1.04) 0.48

Chronic mucous hypersecretion 1.11 (0.99–1.24) 0.082

Body mass index > 25 1.01 (0.90–1.13) 0.90

Hispanic ethnicity† 1.18 (1.05–1.32) 0.007

* n ¼ 1,540.
yCompared with non-Hispanic whites.

TABLE 3. METHYLATION PREVALENCE OF INDIVIDUAL GENES
IN ALL LSC SUBJECTS, HISPANICS, AND NHWS

Variable

Prevalence of Gene Methylation (%)

P Value*

All Subjects

(n ¼ 1,540)

Hispanics

(n ¼ 341)

NHWs

(n ¼ 1,199)

P16 19.3 20.2 19.1 0.65

MGMT 26.2 26.3 26.1 0.94

RASSF1A 0.7 0.3 0.8 0.47†

DAPK 16.9 20.2 15.9 0.06

GATA4 37.4 43.9 35.5 0.005

GATA5 15.4 20.2 14.1 0.006

PAX5a 14.5 13.2 14.9 0.43

PAX5b 8.4 8.8 8.3 0.80

SULF2 35.8 44.2 33.4 0.0002

PCDH20 36.9 44.2 34.9 0.0016

DAL1 7.1 7.9 6.8 0.50

JPH3 22.4 20.5 22.9 0.33

Definition of abbreviations: LSC ¼ Lovelace Smokers cohort; NHWs ¼ non-

Hispanic whites.

* Chi-square test compared the prevalence of gene methylation between 341

Hispanics and 1,199 NHWs.
y Fisher exact test.
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than 48% reduced risk for methylation associated with an in-
crease of 0.24 in NAA in Hispanics (P , 0.10). These results
exclude the possibility that the global association between eth-
nicity or NAA and risk for gene methylation described above
was driven by a strong signal associated with methylation of one
particular gene.

Our previous studies identified that dietary intake of folate,
leafy green vegetables, and multivitamins protected against gene
methylation in the aerodigestive tract of smokers using an eight-
gene panel (4). These associations were confirmed using GEE
models in a larger sample set (214 Hispanics and 1,047 NHWs)
with methylation data of a 12-gene panel including the original
eight genes (see Table E5). In addition, significantly lower levels
of folate intake (median [Q1–Q3], 665 [358–1,197] vs. 1,031
[474–1,304]; P ¼ 0.00038) and lower prevalence of current mul-
tivitamin use (47.9% vs. 66.8%; P ¼ 3.5 3 1026) was identified
in Hispanics compared with NHWs with adjustment for demo-
graphic variables and total caloric intake. No difference in con-
sumption of leafy green vegetables was identified between
ethnicities (P ¼ 0.22). We used GEE models to determine
whether the higher risk for gene methylation among Hispanics
may be in part caused by their lower dietary intake of folate and
lower prevalence of multivitamin use. Inclusion of food folate and
multivitamin use in the GEE models resulted in a less significant
P value for the association between self-identified Hispanic eth-
nicity and risk for gene methylation (Table 6). The effect of die-
tary factors on the association between NAA and risk for gene
methylation in Hispanics only was not conducted because of the
limited sample size in this ethnic group with available dietary
information (n ¼ 214).

The increased risk for gene methylation in Hispanic smokers
suggests that this ethnic groupmay bemore susceptible to cigarette
smoking–induced lung cancer compared with NHW. This hypoth-
esis was assessed using the New Mexico lung cancer study. Using
a generalized linear model with adjustment for age, sex, smoking
duration, and current smoking status, we found that Hispanic
NSCLC cases had significantly lower pack-years (51.4 vs. 59.1;
P ¼ 0.007) and cigarette consumption per day (23.2 vs. 29.1;
P ¼ 0.006) compared with NHW cases (see Table E1). Hispanic
cases were older and smoked for more years than NHW cases,
although the difference is not statistically significant (P . 0.09).
More importantly, an interaction (P ¼ 0.058) between pack-years

and Hispanic ethnicity was identified for the risk for NSCLC
(Figure 2C). Ethnicity-stratified analyses identified that with
smokers having 10 pack-years as the reference, the ORs associ-
ated with smokers with 50 pack-years is 3.2 and 2.0 for Hispanic
and NHW smokers, respectively (Figure 2C). A sensitivity analy-
sis was conducted to truncate the pack-years at 110 and a similar
interaction between pack-years and ethnicity for lung cancer risk
was observed (not shown).

DISCUSSION

A cross-sectional study was conducted to assess the genetic an-
cestry of smokers enrolled in the LSC and its association with the
risk for gene methylation detected in the exfoliated lung cells
collected in the sputum samples. New Mexican Hispanics on av-
erage had 35% NAA and 63% European ancestry. In Hispanic
smokers, higher NAA was associated with a 32% reduced risk
for gene methylation, suggesting that higher NAA in Hispanics
may be protective against smoking-induced chronic lung dam-
age. Our previous study identified that New Mexican Hispanic
smokers with higher NAA were more resistant to acquiring
COPD (12). A similar association was also identified in a His-
panic smoker population (n ¼ 579) from Costa Rica that

TABLE 5. MULTIVARIATE ANALYSIS IDENTIFIED THAT NAA IN
HISPANICS IS PROTECTIVE AGAINST GENE METHYLATION*

Variable OR (95% Confidence Interval) P Value

Age, 10 yr 1.05 (0.92–1.19) 0.48

Male sex 1.11 (0.89–1.39) 0.33

Current smoker 0.81 (0.64–1.03) 0.086

Pack-years, 10 1.04 (0.98–1.10) 0.24

Chronic mucous hypersecretion 1.17 (0.95–1.45) 0.14

Body mass index >25 1.22 (0.97–1.54) 0.093

NAA, 0.24† 0.68 (0.48–0. 97) 0.032

African ancestry, 0.04‡ 1.26 (0.97–1.62) 0.079

Definition of abbreviations: NAA ¼ Native American ancestry; OR ¼ odds ratio.

* n ¼ 341.
y The 5th and 95th percentiles of NAA in Hispanics were 0.24 and 0.48. Thus,

0.24 was selected as a unit change of NAA in Hispanics to calculate the OR.
z The 5th and 95th percentiles of African ancestry in Hispanics were 0.008 and

0.048. Thus, 0.04 was selected as a unit change of African ancestry in Hispanics

to calculate the OR.

Figure 2. (A) The distribution of odds ratios (ORs) for the 1,000 times random sampling for association of ethnicity with risk for gene methylation.

The average OR was 1.17 with 25th and 75th percentiles as 1.14 and 1.21. (B) The distribution of P values for the 1,000 times random sampling for

association of ethnicity with risk for gene methylation. The average P value was 0.03 with 80% of P values less than 0.10. (C) Predicted risk for non–

small cell lung cancer using the New Mexico lung cancer study stratified by ethnicity. The range of pack-years shown was from 10 to 108 pack-
years, which were within the 5th–95th percentiles of pack-years in cases. The ORs were generated with smokers with 10 pack-years smoking history

as the reference. The P value for the interaction between pack-years and ethnicity was 0.058. NHW ¼ non-Hispanic whites.
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contains 28% NAA and 70% European ancestry (16). In that
study, a 0.1 increase in NAA was associated with 40% reduction
in the prevalence of COPD and a 97-ml increase in FEV1 (P ¼
0.005 for both). Thus, higher NAA in Hispanics is protective
against smoking-induced chronic lung damage and pulmonary
diseases, although the genetic or environmental-lifestyle factors
that are associated with NAA and causal for this association
remain to be elucidated.

Although NAA is protective against gene methylation, His-
panics on average still had an 18% increased risk for gene
methylation compared with NHW smokers even after strictly
controlling for the confounding effects from age, sex, and current
smoking status using a random sampling approach. This indicates
that genemethylation in sputum, already knownas amultifactorial
phenotype may be affected by undisclosed risk factors that are
related to Hispanic culture. Our previous studies identified that
increased dietary intake of folate, leafy green vegetables, andmulti-
vitamins were associated with reduced risk for gene methylation
(4). Compared with NHWs, Hispanics had significantly lower
dietary intake of folate and multivitamins. Inclusion of food fo-
late and multivitamin use in the GEE models reduced the signif-
icance for the association between ethnicity and risk for gene
methylation. This suggests that the higher risk for gene methyl-
ation in Hispanics may be partially explained, although to a small
extent, by the insufficient intake of protective factors in the diet.
In addition, although Hispanic smokers have significantly lower
social economic indicators than NHWs, inclusion of education
level in the model only showed a very minimal effect on the
association between ethnicity and risk for gene methylation
(not shown). In addition, only minimal correlations were identi-
fied between dietary factors and social economic indicators (see
Table E6). These findings suggest that the lower social economic
indicator associated with Hispanic ethnicity cannot explain the
increased risk for gene methylation in this ethnic group.

Hispanics on average have lower age-standardized incidence
rates for lung cancer compared with NHWs in New Mexico
and nationwide (8, 13). A population-based lung cancer case-
control study previously conducted in New Mexico suggests that
this ethnic difference in lung cancer incidence may be largely
explained by the different patterns of cigarette smoking of these
two groups (14, 26). However, we report for the first time that
Hispanic NSCLC cases have significantly lower (by 8 pack-years)
cumulative exposure to cigarette smoke than NHW counterparts
and this difference is mainly caused by lower smoking intensity in
Hispanic smokers. This suggests that Hispanic smokers may be
more susceptible to cigarette smoking–induced lung cancer.

Support for this premise is seen within the New Mexico lung
cancer study where Hispanic smokers had a more rapidly in-
creased risk for lung cancer as a function of cumulative expo-
sure to cigarettes compared with NHWs (Figure 2C). In
addition, a careful reevaluation of the lung cancer study con-
ducted by Humble and coworkers (14, 26) identified that the
coefficient for cigarettes per day in a logistic regression model
was 34% greater in Hispanics than NHWs. Furthermore, a sub-
group analysis was conducted using 11 lung cancer cases and 27
control subjects who are Hispanic smokers from our previous
study (3). We identified that the composite methylation index
of the 12 genes (same 12 genes as measured in the current study)
was significantly associated with the risk for lung cancer (OR, 1.4;
95% CI, 1.0–2.0 per gene methylation; P ¼ 0.05) in Hispanic
smokers. This increased risk is not different from what we ob-
served in NHWs in the same prior study (24 cases and 56 control
subjects; OR, 1.34; 95% CI, 1.07–1.67; P ¼ 0.01). This suggests
that methylation based on this 12-gene panel in sputum could
predict risk for lung cancer in both NHW and Hispanic smokers.
Thus, these findings, combined with the increased risk for gene
methylation in Hispanic smokers, support a greater susceptibility
to NSCLC for New Mexico Hispanics smokers than NHWs.
However, caution needs to be taken when extrapolating these
findings to other Hispanic populations because of the heterogeneity
in the acculturation status, environmental and dietary exposure, the
level of genetic admixture, and the source of NAA associated with
Hispanic populations living in different geographic areas.
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