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ABSTRACT
Background: African Americans (AAs) and Hispanic/Latinos
(HLs) have higher risk of obesity than European Americans,
possibly due to differences in environment and lifestyle, but also
reflecting differences in genetic background.
Objective: To gain insight into factors contributing to BMI (in
kg/m2) and obesity risk (BMI ≥ 30) among ancestry groups, we
investigate the role of self-reported ancestry, proportion of genetic
African ancestry, and country of birth in 6368 self-identified AA
and 7569 HL participants of the New York–based BioMe Biobank.
Methods: AAs and HLs are admixed populations that trace their
genetic ancestry to the Americas, Africa, and Europe. The proportion
of African ancestry (PAA), quantified using ADMIXTURE, was
higher among self-reported AA (median: 87%; IQR: 79–92%) than
among HL (26%; 15–41%) participants. Approximately 18% of AA
and 59% of HL participants were non–US-born.
Results: Because of significant differences between sexes
(PPAA∗sex interaction = 4.8 × 10−22), we considered women and men
separately. Among women, country of birth and genetic ancestry
contributed independently to BMI. US-born women had a BMI 1.99
higher than those born abroad (P = 7.7 × 10−25). Every 10% increase
in PAA was associated with a BMI 0.29 higher (P = 7.1 × 10−10).
After accounting for PAA and country of birth, the contribution
of self-reported ancestry was small (P = 0.046). The contribution
of PAA to higher BMI was significantly more pronounced among
US-born (0.35/10%PAA, P = 0.003) than among non–US-born
(0.26/10%PAA, P = 0.01) women (PPAA∗sex interaction = 0.004). In
contrast, among men, only US-born status influenced BMI. US-born
men had a BMI 1.33 higher than non–US-born men, whereas
PAA and self-reported ancestry were not associated with BMI.
Associations with obesity risk were similar to those observed for
BMI.
Conclusions: Being US-born is associated with a substantially
higher BMI and risk of obesity in both men and women. Genetic
ancestry, but not self-reported ancestry, is associated with obesity

susceptibility, but only among US-born women in this New York–
based population. Am J Clin Nutr 2019;110:16–23.
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Introduction
Obesity is a major risk factor for common diseases, such as

diabetes, cardiovascular disease, hypertension, and some cancers
(1). More than 35% of adults in the United States are obese
[BMI (in kg/m2) ≥ 30], but the prevalence differs between
populations of different ancestry (2, 3). Nearly half of all African-
American adults (AAs; age-adjusted: 48.4%) and >40% of
Hispanic/Latinos (HLs; 42.6%) are obese, as compared with
36.4% of European Americans (EAs), and differences across
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ancestries are more pronounced in women than in men (3).
Although differences in environment including lifestyle, cultural,
and social practices may explain—at least in part—the disparity
across ancestries (4), differences in genetic ancestry may also
predispose certain populations to obesity more than others (5, 6).

Traditionally, in large-scale epidemiological studies, ancestry
is determined by self-report, even though ancestry may be
ambiguous for some individuals. People’s self-reported ancestry
is based on their self-identification with a certain ancestral
group, but it may or may not exactly correspond to their
genetic ancestry. For example, individuals from Mexico and
Puerto Rico may both self-report (or be classified) as HL in
the United States, but have a vastly different genetic ancestry
(7). Self-reported ancestry also represents a group’s lifestyle,
cultural norms and habits, health care access, etc., whereas
genetic ancestry represents a population’s innate biological
features. Self-reported and genetic ancestry are both well-known
contributors to disparities in disease burden in the United States
(8–14). However, this disproportionate disease burden persists
even after accounting for differences in relevant environmental
factors, such as population-specific lifestyle, cultural norms,
health care access, and socioeconomic status (9, 11–13, 15),
indicative of genetic factors influencing the population-specific
disease susceptibility.

The US population is a “melting pot” of nationalities, cultures,
and ethnicities, as migrants have arrived from all over the world
since the seventeenth century. These migrant populations have
undergone recent genetic admixture, e.g., AAs exhibit up to 20%
European ancestry and HLs in New York City exhibit up to
50% African ancestry (16). The European/African admixture in
AA and HL populations allows for the disentanglement of the
contributions of genetic and self-reported ancestry to disease
susceptibility. For example, previous studies have shown that,
among individuals who self-identify as AA, a higher proportion
of West African ancestry is associated with higher BMI, in
particular for women (17–19). So far, contribution of genetic
ancestry to common diseases has been mostly studied in one
admixed population at a time (17, 18, 20–22). Including multiple
admixed populations, e.g., AAs and HLs, allows us to assess not
only the role of genetic ancestry, but also the role of self-reported
ancestry.

In this study, we aim to assess the extent to which genetic
ancestry, self-reported ancestry, and country of birth contribute
to variation in BMI and obesity risk among participants who self-
identify as AA and HL and who show predominantly African and
European admixture.

Methods

Population

The Mount Sinai BioMe Biobank, founded in September,
2007, is an ongoing, broadly consented electronic health record
(EHR)-linked bio- and data repository that enrolls participants
nonselectively from the Mount Sinai Hospital patient population.
The Mount Sinai Hospital is a large teaching and health care
center located at the Upper East Side, near East and Central
Harlem in Manhattan, New York. The hospital provides services
to patients of neighboring areas, known to be of diverse ancestry,
and serves as a referral center for primary care providers in

and around New York City. Currently, the BioMe Biobank
has enrolled >45,000 participants. BioMe participants represent
a broad racial, ethnic, and socioeconomic diversity, with a
distinct and population-specific disease burden, characteristic of
the communities served by Mount Sinai Hospital. Participants
are predominantly of AA (24%), HL (35%), EA (32%), and
other ancestry (10%). Participants who self-identify as HL
further report to be of Puerto Rican (39%), Dominican (23%),
Central/South American (17%), Mexican (5%), or other Hispanic
(16%) ancestry.

At the time of enrollment, participants consent to link their
Biobank record and EHR, which captures a full spectrum of
biomedical phenotypes, including clinical outcomes, covariates,
and exposures. BMI is calculated as weight (kg) divided over
height squared (m2), using data from the EHR at the time
of enrollment. Obesity is defined, using the WHO criteria,
as BMI ≥ 30. Demographic information on ancestry, country
of birth, lifestyle, and family history of disease is collected
through an interviewer-administered questionnaire. Specifically,
to assess people’s self-reported ancestry, we asked the following 4
questions on their race and ethnicity: 1) Are you Hispanic/Latino?
[yes/no]; 2) Which of the following best describes your heritage?
[American Indian, Native American, or Alaskan Native/African
American or African/Caucasian or white/Mediterranean/East
or Southeast Asian/South Asian/Indian/Jewish/Native Hawaiian
or other Pacific Islander/other]; 3) Which of the following
best describes your Hispanic/Latino heritage? [Dominican
or Dominican descent/Central American or Central-American
descent/Cuban or Cuban descent/Mexican or Mexican de-
scent/Puerto Rican or Puerto-Rican descent/South American
or South-American descent/other]; 4) In addition to being of
Hispanic/Latino heritage, which of the following categories
would you use to describe yourself? [American Indian or Alaskan
Native/Asian/Native Hawaiian or other Pacific Islander/black
or African American/white/unknown or not reported]. We
refer to non–US-born individuals as those born outside the
50 states and Washington DC. Lastly, as part of enrollment,
participants’ blood is drawn and their plasma and DNA are
extracted. All procedures are in accordance with the ethical
standards of the Mount Sinai Institutional Review Board
Committee.

Genotyping data

Participants were genotyped using the Illumina Infinium Multi
Ethnic Genotyping Array (MEGA) and Illumina OmniExpress
(OMNI) array. Briefly, BioMe participants (n = 12,749) of
multiple ancestries were genotyped on the Illumina Infinium
OmniExpress plus HumanExome array, with 11,212 participants
and 866,864 single-nucleotide polymorphisms (SNPs) available
for downstream analysis after quality control steps such as call
rate <95%, plate failure, and deviance in heterozygosity levels
(23). A further 12,686 BioMe samples, genotyped on the MEGA
(1,402,653 variants after quality control), were also available for
analysis (23).

To merge data ascertained across different platforms we
used the PLINK1.9 software to remove all individuals who
were duplicated across the OMNI and MEGA data (n = 273
individuals included as intentional duplicates on MEGA, and
an additional 2,215 individuals who had been genotyped on
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both platforms). Then, we obtained the intersection of autosomal
sites on both platforms (n = 461,677 SNPs; n = 21,692
individuals), while simultaneously merging with samples from
the Human Genome Diversity Project (http://www.hagsc.org/
hgdp/, n = 986), and with other reference samples that were
also genotyped on MEGA, namely, n = 303 individuals from
the Peruvian Andes, n = 66 indigenous Central-American indi-
viduals from Honduras and Colombia, n = 45 Khonami/Nama
samples from South Africa, n = 84 from Oaxaca, Mexico,
and n = 24 Bari, n = 22 Warao, and n = 24 Yukpa from
Venezuela. We intersected our data with sites extracted from the
1000 Genomes Project Phase 3 data (n = 395,531 sites were
recovered) and merged the 1000 Genomes Project samples with
our data (n = 2504). Finally, we removed palindromic sites
( n = 7215 SNPs) and sites with a missingness rate > 1%
( n = 517), leaving a total of 377,799 SNPs and 25,750
individuals.

Global ancestry estimation

For global ancestry estimation, genetic data were first filtered
to a minor allele frequency >1% (n = 281,666 sites) using
PLINK1.9. We also removed all sites that fell within genomic
regions known to confound ancestry analysis in humans.
This consisted of sites that fell within the human leukocyte
antigens region (chr6:27,000,000–35,000,000; hg19), lactase
(LCT) (chr2:135,000,000–137,000,000), ectodysplasin A recep-
tor (EDAR) (chr2:109,000,000–110,000,000), T cell receptor β

variable 9 (TRBV9) (chr7:142,000,000–145,000,000), a common
inversion on chromosome 8 (chr8:6,000,000–16,000,000), Solute
Carrier Family 25 (SLCA25) (chr15:48,000,000–49,000,000),
and a region of long linkage disequilibrium in admixed
populations on chromosome 17 (chr17:40,000,000–45,000,000).
This resulted in the exclusion of a total of 5911 sites to
leave a total of 275,755 SNPs. We also removed individ-
uals inferred to be directly related (removed 1 individual
of each pair) (direct relation being defined here as having
a Pi hat > 0.2, as calculated via the “–genome” flag in
PLINK1.9), and offspring from parent–offspring trios within our
Andean reference panel (n = 100), leaving a total of 23,414
individuals.

We used these data as input for ADMIXTURE. To capture
BioMe population structure that was not represented in the
reference panels, we ran ADMIXTURE across all unrelated
BioMe samples and on reference panels combined, unsupervised
for up to k = 16 with 5-fold cross-validation.

Our study aimed to assess the contribution of genetic African
ancestry to variation in BMI. Thus, we used admixture analysis
results from calculations done using k = 2 putative populations
which principally distinguish African from non-African ancestry.
Furthermore, although the majority of individuals who self-
identified as HL in our population sample showed African–
European admixture, we used admixture results from k = 3
putative populations (identifying the Native-American ancestral
proportion in addition to the African-European) to exclude
individuals with significant Native-American ancestry (>30%;
n = 1275) ( Supplemental Figure 1). Analyses were
performed among a total of 13,937 genotyped AA (6368;
45.7%) and HL (7569; 54.3%) participants of the Bio Me
Biobank.

Statistical analyses

Participant descriptive characteristics were compared between
groups using t-tests for continuous and chi-square tests for
categorical variables. Multiple linear regression was performed
to test the association between BMI and proportion of African
ancestry (PAA), ancestry, age, and US-born status. PAA ×
sex, PAA × self-reported ancestry, PAA × US-born status,
and self-reported ancestry × US-born status interactions were
examined in separate models, and analyses were stratified based
on significance of interaction results. Models were subsequently
stratified by sex, ancestry, and US-born status. A similar strategy
was used for obesity as a dichotomous variable (defined as
BMI ≥ 30 compared with BMI < 30), using logistic regression
with the aforementioned covariates in the model. Statistical
significance was determined with P < 0.05. All statistical
analyses were performed in R statistical software version 3.3.2
(R Development Core Team).

Results
A total of 13,937 adults (age ≥ 18 y), 6398 of whom self-

reported as AA and 7569 as HL, were included in our analyses.
All individuals were enrolled in the New York City–based BioMe
Biobank, an ongoing EHR-linked bio- and-data repository that
enrolls participants nonselectively from the Mount Sinai Medical
Center patient population. The mean ± SD age was 51.3 ± 15.7
y, with HLs being ∼2–3 y older than AAs (Pt-test < 1 × 10−9).
Overall, mean ± SD BMI of AAs (30.3 ± 7.8) was higher
than that of HLs (29.5 ± 6.6) (Pt-test = 1.9 × 10−12), driven
by the difference in women (Pt-test = 8.0 × 10−24) (Table 1).
Correspondingly, obesity prevalence is higher among AA women
(50.8%) than HL women (42.7%) (Pchi-sq = 6.2 × 10−14), with no
significant difference among men (32.6% compared with 33.4%,
Pchi-sq = 0.54).

AAs (82%) were twice as likely to be US-born as HLs were
(41%). Of the 1144 non–US-born participants who self-reported
as AAs, 24.6% were born in Jamaica, ∼10% each in Haiti and
Trinidad and Tobago, and the others were born in other African
and Caribbean countries. Of the 4483 non–US-born participants
who self-reported as HLs, most were born in Puerto Rico (49.8%)
or the Dominican Republic (36.9%).

We estimated proportions of continental genetic ancestry using
ADMIXTURE and showed that both our AA and HL participants
are predominantly African and European admixed. The PAA
was significantly higher among those who self-reported as AAs
(median 87%; IQR 79–92%) than among those who self-reported
as HLs (25%; 15–41%) (Pwilcoxon < 1 × 10−300), with a wide
range within each population (Table 1).

Using multiple linear regression analyses, we found that
higher PAA, HL ancestry, US-born status, age, and sex were all
independently associated with higher BMI (Table 2). Because the
contribution of PAA to BMI was significantly different in women
than men (Pinteraction = 4.8 × 10−22), all subsequent analyses were
stratified by sex.

Among women, genetic and self-reported ancestry, US-born
status, and age were all independently associated with BMI
(Table 3). Specifically, US-born women had a BMI 1.99 higher
(P = 7.7 × 10−25, ∼5.1 kg) than non–US-born women; for every
10% higher PAA, BMI increased by 0.29 (P = 7.1 × 10−10,

http://www.hagsc.org/hgdp/
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TABLE 1 Descriptive characteristics of participants, by self-reported ancestry and sex1

African-American
women (n = 3924)

African-American
men (n = 2444)

Hispanic women
(n = 4671)

Hispanic men
(n = 2898)

All
(n = 13,937)

Age, y 50.2 ± 15.5 49.9 ± 14.2 52.3 ± 16.4 52.6 ± 15.6 51.3 ± 15.7
BMI, kg/m2 31.6 ± 8.3 28.4 ± 6.5 29.9 ± 6.9 28.9 ± 6.0 29.9 ± 7.2
Weight, kg 84.9 ± 23.3 89.7 ± 22.3 76.2 ± 18.6 85.7 ± 19.3 83.0 ± 21.4
Height, cm 163.9 ± 7.2 177.7 ± 8.2 159.6 ± 7.1 172.5 ± 8.0 166.7 ± 10.2
Obesity (BMI ≥ 30 kg/m2),
%

50.8 32.6 42.7 33.4 41.3

PAA, % 87 (79, 92) 87 (79, 92) 27 (16, 42) 24 (14, 39) 57 (24, 86)
US-born, % 82.3 81.6 39.9 42.1 59.6

1Values are means ± SDs, medians (IQRs), or percentages. PAA, proportion of African ancestry.

equivalent to 0.74 kg for a 1.6-m–tall woman); self-reported HL
ancestry was associated with a BMI 0.61 higher (P = 0.046,
∼1.56 kg) than for AA ancestry; and with every 10-y increase
in age, BMI increased by 0.30 (P < 3.8 × 10−7, ∼0.77
kg/10 y). The contributions of country of birth, PAA, and age
were most pronounced, whereas self-reported ancestry only
reached nominal significance. Interaction analyses showed that
the association between PAA and BMI was stronger in US-born
than in non–US-born women (Pinteraction = 0.004). Specifically,
for every 10% higher PAA, BMI increased by 0.35 (P = 0.003;
∼0.90 kg) in US-born women and by 0.26 (P = 0.10; ∼0.67
kg) in non–US-born women, whereas the contribution of self-
reported ancestry was no longer significant in either US- or
non–US-born women, when accounting for PAA and age (Table
4). This suggests that the lower BMI observed in HL than in
AA women is likely due to a higher proportion of non–US-born
status and a lower PAA among HL than among AA participants
(Table 1).

Contributions of PAA, self-reported ancestry, and country of
birth to risk of obesity as a dichotomous trait were generally
consistent with associations observed for BMI as a continuous
trait (Tables 2–5). Specifically, the odds of being obese were
1.55 times higher among US-born women than among those not
born in the United States (Table 3). Furthermore, among US-born
women, every 10% increase in PAA was associated with 1.10-
fold higher odds of obesity.

Among men, only country of birth contributed significantly.
BMI was 1.33 (∼4.1 kg for a 1.75-m–tall man) and the odds
of obesity were 1.47 times higher among US-born men than
among non–US-born men. PAA, self-reported race/ethnicity,
and age did not contribute independently to BMI or risk of
obesity.

Discussion
Consistent with observations from NHANES, BioMe par-

ticipants who self-identify as AA have a significantly higher
BMI and risk of obesity than those who self-identify as HL—
particularly among women. To examine which factors associate
to the variation in BMI and obesity risk, we assessed the role
played by genetic ancestry (PAA), self-reported ancestry (HL
compared with AA), and country of birth (US-born compared
with non–US-born).

Country of birth was the most significant contributor to
variation in BMI and risk of obesity in both men and women;
i.e., being born in the United States increased the odds of obesity
by ∼1.5 compared with being born outside the United States.
Once country of birth was accounted for, self-reported ancestry
(HL compared with AA)—which may reflect differences in
lifestyle, cultural norms and habits, and access to health
care—did not significantly influence BMI or risk of obesity.
Furthermore, genetic ancestry, assessed by PAA, showed a

TABLE 2 Contributions of PAA, self-reported ancestry, country of birth, age, and sex to BMI and obesity risk1

BMI (kg/m2) Obesity risk

β ± SE P value OR (95% CI) P value

Main effects
PAA (per 10% increase in PAA) 0.14 ± 0.03 2.8 × 10−05 1.05 (1.03, 1.07) 5.7 × 10−06

Self-reported ancestry (HL = 1; AA = 0) 0.58 ± 0.23 0.011 1.23 (1.08, 1.41) 0.002
US-born status (US = 1; non-US = 0) 1.77 ± 0.14 2.2 × 10−35 1.53 (1.41, 1.66) 2.5 × 10−24

Age, y 0.02 ± 0.00 1.4 × 10−05 1.00 (1.00, 1.01) 7.0 × 10−05

Sex (women = 1; men = 0) 2.06 ± 0.12 1.2 × 10−62 1.76 (1.64, 1.89) 1.70 × 10−54

Interaction terms
PAA × self-reported ancestry −0.01 ± 0.08 0.88 1.00 (0.95, 1.04) 0.94
PAA × country of birth 0.07 ± 0.04 0.092 1.01 (0.99, 1.04) 0.25
Country of birth × self-reported ancestry −0.39 ± 0.29 0.18 0.89 (0.75, 1.05) 0.18
PAA × sex 0.37 ± 0.04 4.8 × 10−22 1.07 (1.05, 1.09) 3.6 × 10−09

1n = 13,937. Statistics were obtained through multiple linear (BMI) and logistic (obesity) regression analyses. AA, African American; HL,
Hispanic/Latino; PAA, proportion of African ancestry.
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significant association with BMI and risk of obesity, but only
among women. Every 10% increase in PAA was associated with
a higher risk of obesity, independent of the women’s self-reported
ancestry, and this association was more pronounced in US-born
(OR: 1.10) than in non–US-born (OR: 1.07) women. Genetic
ancestry did not influence BMI or obesity risk in men. Thus, the
lower BMI and obesity risk observed among HL women than
among AA women in the BioMe Biobank appear to be driven by
the fact that HL women are more often born abroad and have a
lower PAA. Self-reported ancestry does not affect risk of obesity
when country of birth and genetic ancestry are accounted for.

The role of country of birth in obesity risk corroborates
findings of previous reports that have consistently shown that
non–US-born individuals who have immigrated to the United
States have a lower BMI and lower prevalence of obesity than
do individuals born in the United States (24–32). Furthermore,
previous studies have shown that the longer non–US-born
individuals spend in the United States, the smaller the difference
in BMI and obesity prevalence between non–US-born and US-
born individuals becomes. After spending a decade in the
United States, the average BMI of foreign-born and native-born
individuals is the same (26, 29–31). These data support the
notion that exposure to an American lifestyle, characterized by
an abundance of highly palatable calorie-dense foods and low
physical activity levels, increases the risk of obesity.

Besides country of birth, we found that genetic ancestry,
assessed as PAA, associated significantly to BMI and obesity
risk, but only among women. This observation is consistent
with previous studies (17, 21, 33). For example, among self-
reported AAs of the Atherosclerosis Risk in Communities
(ARIC) study (n = 3531), the PAA was significantly (
P < 0.0001) higher among obese individuals (85.7%) than among
overweight (84.4%) and normal-weight (83.6%) individuals, and
the correlation between PAA and BMI was +0.075 (P = 8.7 ×
10−5) (21). No differences between men and women were
reported (21). A more recent study, which combined a subset of
the ARIC (n = 1,611) and Multi-Ethnic Study of Atherosclerosis
(n = 2814) AA population, also found that higher African
ancestry was associated with higher BMI, especially among
women ( Psex-interaction = 0.0005), but this association only reached
significance in ARIC (P = 0.004) (17). The Women’s Health
Initiative, which—like our study—included AA and HL women,
found that a higher genetic African ancestry was associated with
higher BMI among AA (n = 11,712, P < 10−4) as well as
HL (n = 5088, P = 0.017) women (33). Two smaller studies,
however, found that higher PAA was associated with lower BMI
in 145 AA women (18), whereas no association was observed in
64 Puerto Rican women (22). This inconsistency may be due to
the fact that both studies used only a very small set of ancestry
informative markers to access ancestry. Overall, our results,
together with results from previous studies, provide evidence that
genetic ancestry contributes to the variation in BMI and obesity
risk, particularly among women.

In the BioMe Biobank, BMI and the prevalence of obesity were
substantially higher among women who self-identified as AA
than among those who self-identified as HL, which is consistent
with observations reported in other large-scale studies (3, 33–
35). Interestingly, however, once genetic ancestry and country of
birth were accounted for, self-reported ancestry did not contribute
to the difference in BMI or obesity prevalence between these
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2 populations. The lower BMI and prevalence of obesity in
HL women were due to a lower PAA and higher frequency
of being born abroad. A limitation to our study is the lack
of data on socioeconomic status (income, education), which is
known to influence obesity risk, and more so in women than
in men (36). Because socioeconomic status may correlate with
PAA, it may confound the relation between genetic ancestry and
BMI. Further analyses are needed to indeed confirm or refute
this.

Previous reports have shown that higher PAA is associated
with lower waist-to-hip ratio and waist circumference among
AA men, but not women (17). The lack of waist circumference
measurements in the BioMe Biobank precludes us from exam-
ining this relation. However, these findings confirm a sexual
dimorphism of genetic ancestry on anthropometric outcomes.
The differences observed for waist circumference and BMI
suggest that the role of genetic ancestry is different between
overall body size and body fat distribution.

By leveraging data of our large-scale, admixed, New York–
based BioMe Biobank, we show that the country of birth,
representing level of acculturation and possibly adoption of an
American lifestyle, is an important contributor to variation in
BMI and obesity susceptibility. In women, genetic ancestry,
representing an innate, genetic susceptibility, also contributes
to the differences observed in BMI and obesity between AA
and HL participants. Finally, we did not observe an independent
contribution of self-reported ancestry, which represents a combi-
nation of genetic and environmental factors, which were likely
accounted for by PAA and country of birth. We note that in our
sample, we restricted our HL sample to those with a predominant
European/African admixture, such that our observation may not
be generalizable to other HL populations with more Native-
American ancestry.

The authors’ responsibilities were as follows—AV and RJFL: drafted
the manuscript and had primary responsibility for the final content; RJFL:
designed the study; EPB: designed, established, and coordinated the BioMe
Biobank; GMB, GLW, CRG, and EEK: implemented methods to derive
the genetic ancestry information; AV and GMB: performed the statistical
analyses; and all authors: read and approved the final manuscript. None of
the authors reported a conflict of interest related to the study.

References
1. Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A,

Marczak L, Mokdad AH, Moradi-Lakeh MThe GBD 2015 Obesity
Collaborators;, et al.; The GBD 2015 Obesity Collaborators Health
effects of overweight and obesity in 195 countries over 25 years. N Engl
J Med 2017;377(1):13–27.

2. WHO Consultation on Obesity. Obesity: preventing and managing the
global epidemic. Report of a WHO consultation. World Health Organ
Tech Rep Ser 2000;894:i–xii, 1–253.

3. Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL.
Trends in obesity among adults in the United States, 2005 to 2014.
JAMA 2016;315(21):2284–91.

4. Caprio S, Daniels SR, Drewnowski A, Kaufman FR, Palinkas LA,
Rosenbloom AL, Schwimmer JB. Influence of race, ethnicity, and
culture on childhood obesity: implications for prevention and treatment:
a consensus statement of Shaping America’s Health and the Obesity
Society. Diabetes Care 2008;31(11):2211–21.

5. Knowler WC, Pettitt DJ, Saad MF, Charles MA, Nelson RG, Howard
BV, Bogardus C, Bennett PH. Obesity in the Pima Indians: its
magnitude and relationship with diabetes. Am J Clin Nutr 1991;53(6
Suppl):1543S–51S.

6. Hodge AM, Dowse GK, Toelupe P, Collins VR, Imo T, Zimmet
PZ. Dramatic increase in the prevalence of obesity in western Samoa
over the 13 year period 1978–1991. Int J Obes Relat Metab Disord
1994;18(6):419–28.

7. Mersha TB, Abebe T. Self-reported race/ethnicity in the age of genomic
research: its potential impact on understanding health disparities. Hum
Genomics 2015;9:1.

8. Hines LM, Sedjo RL, Byers T, John EM, Fejerman L, Stern MC,
Baumgartner KB, Giuliano AR, Torres-Mejia G, Wolff RK, et al. The
interaction between genetic ancestry and breast cancer risk factors
among Hispanic women: the Breast Cancer Health Disparities study.
Cancer Epidemiol Biomarkers Prev 2017;26(5):692–701.

9. Myers C, Hakenewerth A, Olson C, Kerker B, Krauskopf M, Tavares
A, Perlman S, Greene C, Farley T. Health disparities in New York
City: disparities in breast, colorectal and cervical cancers in New York
City. New York, NY: New York City Department of Health and Mental
Hygiene; 2011.

10. Mensah GA, Mokdad AH, Ford ES, Greenlund KJ, Croft JB. State
of disparities in cardiovascular health in the United States. Circulation
2005;111(10):1233–41.

11. Thorpe RJ Jr, Brandon DT, LaVeist TA. Social context as an explanation
for race disparities in hypertension: findings from the Exploring Health
Disparities in Integrated Communities (EHDIC) study. Soc Sci Med
2008;67(10):1604–11.

12. Flores YN, Yee HF Jr, Leng M, Escarce JJ, Bastani R, Salmeron
J, Morales LS. Risk factors for chronic liver disease in Blacks,
Mexican Americans, and Whites in the United States: results
from NHANES IV, 1999–2004. Am J Gastroenterol 2008;103(9):
2231–8.

13. Redmond N, Baer HJ, Hicks LS. Health behaviors and racial disparity in
blood pressure control in the National Health and Nutrition Examination
Survey. Hypertension 2011;57(3):383–9.

14. Liao Y, Bang D, Cosgrove S, Dulin R, Harris Z, Taylor A, White S,
Yatabe G, Liburd L, Giles W, et al. Surveillance of health status in
minority communities—Racial and Ethnic Approaches to Community
Health Across the U.S. (REACH U.S.) risk factor survey, United States,
2009. MMWR Surveill Summ 2011;60(6):1–44.

15. Myers C, Olson C, Kerker B, Thorpe L, Greene C, Farley T. Reducing
health disparities in New York City: health disparities in life expectancy
and death. New York City: New York City Department of Health and
Mental Hygiene; 2010.

16. Lee YL, Teitelbaum S, Wolff MS, Wetmur JG, Chen J. Comparing
genetic ancestry and self-reported race/ethnicity in a multiethnic
population in New York City. J Genet 2010;89(4):417–23.

17. Klimentidis YC, Arora A, Zhou J, Kittles R, Allison DB. The genetic
contribution of West-African ancestry to protection against central
obesity in African-American men but not women: results from the
ARIC and MESA studies. Front Genet 2016;7(Jun):89.

18. Fernandez JR, Shriver MD, Beasley TM, Rafla-Demetrious N, Parra E,
Albu J, Nicklas B, Ryan AS, McKeigue PM, Hoggart CL. Association
of African genetic admixture with resting metabolic rate and obesity
among women. Obes Res 2003;11(7):904–11.

19. Fernandez JR, Pearson KE, Kell KP, Bohan Brown MM. Genetic
admixture and obesity: recent perspectives and future applications. Hum
Hered 2013;75(2–4):98–105.

20. Cheng CY, Kao WH, Patterson N, Tandon A, Haiman CA, Harris
TB, Xing C, John EM, Ambrosone CB, Brancati FL, et al.
Admixture mapping of 15,280 African Americans identifies obesity
susceptibility loci on chromosomes 5 and X. PLoS Genet 2009;5(5):
e1000490.

21. Cheng CY, Reich D, Coresh J, Boerwinkle E, Patterson N, Li
M, North KE, Tandon A, Bailey-Wilson JE, Wilson JG, et al.
Admixture mapping of obesity-related traits in African Americans: the
Atherosclerosis Risk in Communities (ARIC) Study. Obesity (Silver
Spring) 2010;18(3):563–72.

22. Bonilla C, Shriver MD, Parra EJ, Jones A, Fernández JR. Ancestral
proportions and their association with skin pigmentation and bone
mineral density in Puerto Rican women from New York city. Hum
Genet 2004;115(1):57–68.

23. Wojcik G, Graff M, Nishimura KK, Tao R, Haessler J, Gignoux CR,
Highland HM, Patel YM, Sorokin EP, Avery CL. Genetic diversity
turns a new PAGE in our understanding of complex traits. BioRxiv
2017:188094.



Role of country of birth and ancestry in obesity 23

24. Delavari M, Sonderlund AL, Swinburn B, Mellor D, Renzaho A.
Acculturation and obesity among migrant populations in high income
countries—a systematic review. BMC Public Health 2013;13:458.

25. Abraido-Lanza AF, Chao MT, Florez KR. Do healthy behaviors
decline with greater acculturation? Implications for the Latino mortality
paradox. Soc Sci Med 2005;61(6):1243–55.

26. Argeseanu Cunningham S, Ruben JD, Narayan KM. Health of
foreign-born people in the United States: a review. Health Place
2008;14(4):623–35.

27. Popkin BM, Udry JR. Adolescent obesity increases significantly in
second and third generation U.S. immigrants: the National Longitudinal
Study of Adolescent Health. J Nutr 1998;128(4):701–6.

28. Sundquist J, Winkleby M. Country of birth, acculturation status and
abdominal obesity in a national sample of Mexican-American women
and men. Int J Epidemiol 2000;29(3):470–7.

29. Roshania R, Narayan KM, Oza-Frank R. Age at arrival and
risk of obesity among US immigrants. Obesity (Silver Spring)
2008;16(12):2669–75.

30. Lauderdale DS, Rathouz PJ. Body mass index in a US national sample
of Asian Americans: effects of nativity, years since immigration and
socioeconomic status. Int J Obes Relat Metab Disord 2000;24(9):
1188–94.

31. Antecol H, Bedard K. Unhealthy assimilation: why do immigrants
converge to American health status levels? Demography
2006;43(2):337–60.

32. Singh GK, Kogan MD, Yu SM. Disparities in obesity and overweight
prevalence among US immigrant children and adolescents by
generational status. J Community Health 2009;34(4):271–81.

33. Nassir R, Qi L, Kosoy R, Garcia L, Allison M, Ochs-Balcom HM,
Tylavsky F, Manson JE, Shigeta R, Robbins J, et al. Relationship
between adiposity and admixture in African-American and Hispanic-
American women. Int J Obes (Lond) 2012;36(2):304–13.

34. Burke GL, Bertoni AG, Shea S, Tracy R, Watson KE, Blumenthal RS,
Chung H, Carnethon MR. The impact of obesity on cardiovascular
disease risk factors and subclinical vascular disease: the Multi-
Ethnic Study of Atherosclerosis. Arch Intern Med 2008;168(9):
928–35.

35. Shai I, Jiang R, Manson JE, Stampfer MJ, Willett WC, Colditz GA, Hu
FB. Ethnicity, obesity, and risk of type 2 diabetes in women: a 20-year
follow-up study. Diabetes Care 2006;29(7):1585–90.

36. Kershaw KN, Albrecht SS, Carnethon MR. Racial and ethnic
residential segregation, the neighborhood socioeconomic environment,
and obesity among blacks and Mexican Americans. Am J Epidemiol
2013;177(4):299–309.


