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Abstract

Population admixture plays a role in the risk of chronic conditions that are related to body
composition; however, our understanding of these associations in Puerto Ricans, a population
characterized by multiple ancestries, is limited. This study investigated the relationship between
genetic admixture and body composition in 652 Puerto Ricans from the Boston Puerto Rican
Osteoporosis Study. Genetic ancestry was estimated from 100 ancestry-informative markers. Body
composition measures were obtained from dual-energy X-ray absorptiometry. Multivariable linear
regression analyses examined associations between bone mineral density (BMD) of the hip and
lumbar spine and percent fat mass and lean mass with genetic admixture. In Puerto Ricans living
on the US mainland, European ancestry was associated with lower BMD at the trochanter (P=
0.039) and femoral neck (P=0.01), and Native American ancestry was associated with lower
BMD of the trochanter (P= 0.04). African ancestry was associated with a higher BMD at the
trochanter (2= 0.004) and femoral neck (P = 0.001). Ancestry was not associated with percent fat
mass or lean mass or waist circumference. Our findings are consistent with existing research
demonstrating inverse associations between European and Native American ancestries and BMD
and positive relationships between African ancestry and BMD. This work contributes to our
understanding of the high prevalence of chronic disease experienced by this population and has
implications for other ethnic minority groups, particularly those with multiple ancestries. Future
research should consider interactions between ancestry and environmental factors, as this may
provide individualized approaches for disease prevention.

“Sabrina E. Noel, Sabrina_noel@uml.edu.

Compliance with ethical standards
Conflict of interest: All authors have no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Noel et al. Page 2

Keywords
Genetics; Race/ethnicity; Aging; Dual-energy X-ray absorptiometry

Introduction

Hispanics have been shown to have a higher prevalence of chronic diseases (or age-related
conditions) compared with non-Hispanic whites, which may, in part, be related to obesity
and more specifically to body compaosition [1]. Disparities also exist among Hispanic
subgroups, with Puerto Ricans having the highest prevalence of obesity compared with the
other subgroups [2]. According to recent results from the Community Health Study/Study of
Latinos (HCHS/SOL), the prevalence of obesity ranged from 27 % in South American men
to 41 % in Puerto Rican men and from 31 % in South American women to 51 % in Puerto
Rican women aged 18-74 years [2]. While links between adiposity and cardio-metabolic
disease have been established, evidence for a role of adiposity in other chronic diseases,
such as osteoporosis, has emerged only more recently [3]. Contrary to popular belief,
Hispanics have been found to have similar [4-6] and, according to recent national estimates,
perhaps higher prevalence [7] of osteoporosis than non-Hispanic whites. There is evidence
that variation in bone status also exists among Hispanic subgroups [8]. The majority of
studies on bone health have been conducted in Mexican Americans; however, preliminary
data from the Boston Puerto Rican Osteoporosis Study indicate that Puerto Rican older
adults, particularly men, are at increased risk for osteoporosis compared with Mexican
Americans (unpublished data). Identifying contributing factors to the variation in body
composition, including bone measures, is necessary for understanding and developing
strategies for reducing health disparities experienced by this population.

Population admixture quantifies the genomic contribution of individuals from multiple
ancestral origins due to the history of inter-marriage between ethnic populations. Population
admixture has been shown be associated with risk of disease [9-11] and may play an
important role in chronic conditions that are related to body composition [11]. A few studies
have examined the association between genetic ancestry and measures of body composition,
such as bone mineral density (BMD) [12-14]. Others have studied associations between
ancestry and fat mass [12, 14, 15], lean body mass [12], body mass index (BMI) [14-17] and
waist-to-hip ratio (WHR) [16]. Our understanding of these relationships in multi-ancestral
groups, such as Puerto Ricans, is limited. The genome of each Puerto Rican consists of
continuum admixture of three ancestral origins: Southern European, West African and
Native American. To our knowledge, only one small study (/7= 64) examined the
relationship between genetic admixture and body composition phenotypes, including BMD,
in a Puerto Rican population [14]. That study found a significant inverse association between
BMD and European admixture (R2 = 0.065, A= 0.042); however, no association was found
between adiposity measures and admixture.

In light of the substantial gaps in understanding of sources of health disparities in Puerto
Rican adults, the Boston Puerto Rican Osteoporosis Study presents an unusual opportunity
to examine the roles of multiple ancestries and multiple body composition phenotypes in a
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single group. The primary objective of this study was to examine the relationship between
Southern European, West African and Native American ancestries and body composition,
including bone and adiposity phenotypes, in Puerto Rican adults.

Materials and methods

Study population

This study includes 652 Puerto Rican adults from the Boston Puerto Rican Osteoporosis
Study (BPROS) with complete body composition measures from dual-energy X-ray
absorptiometry (DXA) and for whom DNA samples were available. The BPROS is an
ancillary study to the Boston Puerto Rican Health Study (BPRHS), a population-based
prospective study of Puerto Rican adults, aged 45-75 years, residing in the Greater Boston
area [18]. Baseline recruitment occurred between 2004 and 2009. Briefly, areas of high
Hispanic density in the Boston metropolitan area were identified from the year 2000 Census,
and households with at least one Puerto Rican adult aged 45-75 years were identified. Only
one eligible Puerto Rican adult per household was randomly selected for participation
(specifics of the study and recruitment methodology are described in detail elsewhere) [18].
Recruitment occurred through door-to-door enumeration (84 %), community activities

(8 %), and referrals from community partners and/or through media or flyers placed in the
community (8 %). Exclusion criteria included inability to answer questions due to serious
health conditions, plans to move from the Greater Boston area within 2 years and/or a Mini
Mental State Examination (MMSE) score <10. Baseline and 2-year follow-up interviews
were conducted by bilingual interviewers in the participants’ homes to collect information
on socioeconomic status, health and health behaviors, stress, acculturation and dietary
intake. Anthropometric and blood pressure measures were also completed. Blood samples
were obtained for analysis of biological markers.

The majority of participants (84 %) completed 2-year follow-up interviews with an average
of 2.2 years (SD 1.1) between the baseline and 2-year follow-up visits. Upon completion of
the 2-year follow-up interview, participants were invited to join the BPROS. Those who
provided written informed consent were scheduled a visit at the Metabolic Research Unit at
the Human Nutrition Research Center on Aging (HNRCA) at Tufts University to undergo
body composition measures (DXA) and to complete additional measures and questionnaires
on osteoporosis medication use and sunlight exposure. All questionnaires were administered
by trained bilingual interviewers. Of the 1267 participants who completed the 2-year follow-
up interview, 973 participated in the BPROS. Primary reasons for not participating included:
(1) not being interested in the study (7= 205), scheduling difficulties (7= 47), loss to
follow-up (7= 11), relocation out of Massachusetts (7= 13) and other reasons (7= 2).
Further, 20 participants died before the BPROS visit. Population admixture was estimated
for 1005 participants of the 1504 recruited at baseline. From the parent BPRHS study, we
used baseline data on sex, age and education level and 2 years of follow-up data on physical
activity, waist circumference and dietary intakes. We used height, weight, BMI and
anthropometric and body composition measures from the BPROS study. For the current
analysis, we included participants with both population admixture and DXA data. A total of
652 out of the 1005 participants with admixture data had DXA data. We conducted power
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calculations for BMD and obesity-related traits. For the sample size of 652 with five
adjusted covariates, and significance at 2= 0.05, we had >80 % power to detect an
association between ancestry with BMD (total hip, trochanter, femoral neck, lumbar spine or
total body) and with obesity-related traits (fat mass, lean mass and waist circumference) for
ancestries that account for 1 % or more of the R-square of the traits. The Institutional
Review Boards (IRB) at Tufts University, Northeastern University and the University of
Massachusetts Lowell approved the study.

Independent measures—Dual-energy X-ray absorptiometry (DXA, GE-Lunar model
Prodigy scanner; General Electric) was used to measure BMD (g/cm?) of the total hip,
trochanter, femoral neck and lumbar spine (L2-L4). DXA measures were obtained following
standard procedures at the Bone Metabolism Laboratory at the HNRCA, and the right hip
was routinely scanned unless the participant reported having a previous hip fracture or joint
replacement. In this laboratory, the root mean square precision of BMD measures is as
follows: 0.65 % for the total hip, 1.04 % for the lumbar spine and 1.31 % for the femoral
neck [19]. The root mean square precision of total fat is 0.94 % and of nonfat soft tissue is
0.77 % [19]. Stability of the measures was assessed by scanning an external standard
(aluminum spine phantom: Lunar Radiation Corp.) weekly. Scans with T-scores >4.0 were
identified and reviewed by the study endocrinologist at Tufts University (BD-H) to check for
non-anatomical parts and for extra-skeletal calcification. We excluded 25 participants’
lumbar spine (L2-L4) measures and 7 participants’ total hip, trochanter and femoral neck
measures. Waist circumference was measured, in duplicate, at the umbilicus using a flexible
tape measure.

Outcome measures—Individual genetic ancestry was estimated from 100 ancestry-
informative markers (AIMS) that were selected if the difference in the allele frequency was
at least 0.5 between any two of the three ancestral populations: West African, European and
Native American, as described in detail elsewhere [11]. The 100 AIMS were distributed
across the genome and were in linkage equilibrium in the three ancestral populations. DNA
was isolated from buffy coats of peripheral blood using QlAamp DNA Blood Mini Kit
(Qiagen, Hilden, Germany), and AIMS were genotyped using IPLEX protocols for
multiplex PCR, single base primer extension and generation of mass spectra [11]. Two
programs (STRUCTURE 2.2 [20, 21] and IAE3CI [22, 23]) were used to calculate
individual ancestry based on the genotypes of the AIMS in reference to the three ancestral
populations (West African, European and Native American) [24].

Other covariates—Age, sex and educational attainment were assessed at baseline through
questionnaire. Educational attainment was categorized as <8th grade, 9th—12th grade, and
some college or higher. Physical activity was assessed using a questionnaire based on a
modified Paffenbarger questionnaire of the Harvard Alumni Activity Survey [25]. A
physical activity score, assessed at 2-year follow-up, was calculated by multiplying the total
number of hours spent in heavy, moderate, light or sedentary activities over a 24-h period by
weighing factors using metabolic equivalents for each of the aforementioned activities
(sleeping = 1.0, sitting = 1.1, light = 1.5, moderate = 2.4 and vigorous = 5.0) [25, 26].
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Anthropometric data, including height and weight, were obtained from the BPROS visit and
were measured in duplicate consistent with the techniques used by the National Health and
Nutrition Examination Survey (NHANES). BMI was calculated as weight (kg) divided by
height (m?2). Height was measured using a standing stadiometer. Dietary intake, assessed at
2-year follow-up, was measured using a semiquantitative food frequency questionnaire
(FFQ) adapted and validated for the Puerto Rican population [27]. Daily average nutrient
intakes were calculated using the Nutrition Data System for Research software (Nutrition
Coordinating Center, Minneapolis, MN).

Statistical analyses

Results

Data were analyzed using STATA (v 13). Formal hypothesis testing was two-sided with a
significance level of Pvalue <0.05. Distributions of independent and dependent variables
were examined for normality. We checked for normal distribution of residuals from the
linear regressions. Multivariable linear regression analyses were used to examine
associations between BMD, percent fat mass and percent lean mass with population
admixture. For each association, two multivariable models were examined. For BMD and
genetic admixture, model 1 was adjusted for age and sex. Model 2 was adjusted for sex, age
and BMI. We also examined models adjusted for height, as bone thickness is proportional to
height. Models adjusted for physical activity, dietary vitamin D and dietary calcium intake
and vitamin D supplementation produced similar results.

For analyses of associations of percent fat mass, percent lean mass and waist circumference
with population admixture, model 1 was adjusted for age and sex, and model 2 was adjusted
for sex and age, education and height. We included covariates in our models that changed
beta estimates by 10 % and/or have been shown in other studies to be potential confounders
in these associations [28-31]. For waist circumference only, model 2 was adjusted for
education and BMI, as others have suggested that this is a better predictor of intra-
abdominal fat mass than waist circumference alone [32]. We also adjusted models for
protein intake adjusted for total energy using the residual method [33] and total energy
intake, as protein consumption has been associated with changes in body composition [34];
beta coefficients were similar to those in model 2 (data not shown). All models were tested
for interactions by sex; no significant interactions were noted; therefore, sex was included in
all models as a covariate.

Our analysis included 468 women (72 %) and 184 men (28 %) (Table 1). The mean age was
similar for men and women (60.2 + 7.7 vs. 60.6 £ 7.3, P=0.57). A greater percentage of
men had attained a 9th—12th grade education level compared with women (43 vs. 33 %, P=
0.04). Men had greater BMD at all hip and spine sites compared with women (P < 0.001 for
all). Percent body fat was significantly higher among women compared with men (45 vs.

29 %, P<0.001), whereas percent lean body mass was significantly higher among men
compared with women (67 vs. 52 %, £< 0.001). Women had higher BMI compared with
men (33.1 vs. 30.0 kg/m2, P< 0.001). No significant differences by sex were noted for waist
circumference. The sample showed higher European ancestry 0.57 (SD = 0.15) and lower
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African 0.28 (SD = 0.15) and Native American 0.15 (SD = 0.06) ancestry, with no
significant differences by sex.

In models adjusted for age, sex and BMI, European ancestry was significantly associated
with lower BMD at the trochanter (8 =-0.047; SE = 0.023, = 0.039) and femoral neck (8
=-0.095; SE = 0.037, P=0.01) (Table 2). African ancestry was associated with higher
BMD at the trochanter (8= 0.064; SE = 0.022, = 0.004) and femoral neck (8= 0.115; SE
=0.036, P=0.001) after adjusting for sex, age and BMI. Native American ancestry was
significantly associated with lower BMD at the trochanter (p = -0.11; SE = 0.054, A= 0.04)
and was marginally inversely associated with lower BMD at the lumbar spine ( = -0.22;
SE =0.11, £=0.074). There was no association between European or African ancestry with
the lumbar spine. After adjusting for sex, age, BMI and height in multivariable linear
regression analysis, the associations between ancestry and BMD were attenuated to only
approach significance (P> 0.074), with the exception of African admixture with the femoral
neck, which was attenuated, but remained significant (P = 0.027).

There were no significant associations between European, African or Native American
ancestry and percent fat mass, percent lean mass or waist circumference in multivariable
linear models adjusted for age and sex (Table 3). Models adjusted for education, height (for
percent lean mass and fat mass) and education and BMI (for waist circumference only)
remained nonsignificant with additional adjustment.

Discussion

Findings from the current study in a Puerto Rican population extend existing evidence for
the role of specific ancestries in bone health. Our analysis of the relationship between
ancestral admixture and bone phenotypes demonstrated that European and Native American
ancestries were associated with lower BMD at the trochanter and femoral neck (European
ancestry only), whereas African ancestry was associated with greater BMD at the trochanter
and femoral neck. There were no relationships between admixture and other measures of
body composition, including percent body fat, percent lean mass and waist circumference.

Our findings of an association between European ancestry and BMD are consistent with a
small study that reported an inverse association between European ancestry and BMD in
Puerto Rican adults (% = 0.065, 2= 0.042) [14]. In that study, Puerto Rican adults had
genetic contributions from European (53.3 + 2.8 %), West African (29.1 + 2.3 %) and Native
American (17.6 £ 2.4 %) ancestries, which are comparable to the percentages reported in the
current study. However, that study found no association between African or Native
American admixture and total body BMD, potentially owing to the small number of
participants (n7= 64). Evaluation of total BMD, rather than BMD at individual sites, was
conducted in the earlier study, which may have also influenced their ability to detect
associations [14]. In our sample of 652 Puerto Rican adults, we found a significant
relationship between European, African and Native American ancestries and BMD of hip
sites, particularly the trochanter and femoral neck, suggesting that variation in genes
between African, European and Native American populations’ contribute to differences in
BMD at the hip. Adjusting models for height attenuated associations to non-significance,
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with the exception of African admixture and BMD of the femoral neck (P= 0.027). Height
is estimated at 70-90 % heritable [35]; therefore, adjusting for height may mask the genetic
variability associated with population admixture.

Others have reported significant associations between increasing African ancestry and
BMD; however, these studies were conducted in African American adults [13], whose
African ancestry, on average, is much greater than that of Puerto Ricans. In one study, higher
African ancestry was related to higher BMD and bone strength in African American women.
However, African American women with higher African ancestry also had a greater rate of
bone loss over 6 years, relative to non-Hispanic white women, suggesting that non-genetic
factors also play an important role in differences across ethnic groups [13]. In general,
however, these findings and ours are consistent with well-known ethnic differences in risk of
low bone mass and osteoporosis between African Americans and non-Hispanic whites.
National prevalence estimates indicate that non-Hispanic blacks have lower prevalence of
osteoporosis and low bone mass compared with non-Hispanic whites [36, 37]. Native
American/Alaskan native women, on the other hand, have been shown to have similar BMD
to non-Hispanic whites [38].

Similar to our findings, a small study of Puerto Rican adults found no association between
ancestry and obesity-phenotypes [14], although ethnic variation in risk of obesity has been
documented [1, 2]. A small study of Hispanic and Native American college students found
no association between admixture and BMI or percent body fat in Hispanics; however, a
small inverse association between European genetic admixture and body composition
measures was noted for Native Americans (77 = 15) [15]. Other studies have also reported
associations between genetic ancestry and BMI and other body composition measures [17].
Lins et al. [17] reported a significant correlation between European ancestry and BMI (r=
0.165; £=10.037) in a sample of elderly women from Brazil with a combination of European
(57.5 %), Native American (25.8 %) and African (16.7 %) ancestries. We did not observe a
significant association between Native American ancestry and adiposity, although Native
Americans as a group are reported to have greater obesity risk compared to non-Hispanic
whites [39]. This apparent discrepancy may be related to the relatively low (~16 % from the
table) percentage of Native American ancestry in Puerto Ricans. These results do not
suggest a strong ancestral genetic component for obesity. It seems more likely that
environmental factors, such as poor dietary quality and physical inactivity, or interactions
between genetic and environmental factors may have a stronger impact on obesity in this
population. Alternatively, the relatively broad category of ancestry could encompass variants
that tend to increase or decrease genetic susceptibility to obesity, with the consequence that
the overall association is neutral.

Although the current study focuses on genetic risk, as represented by ancestry rather than
individual genetic variants, findings from genome-wide association studies (GWAS) for
BMD are informative in identifying potential contributors to ancestral differences. For
example, a large GWAS study of premenopausal European-American and African American
women identified 50 single-nucleotide polymorphisms (SNPs) for BMD measures at the
lumbar spine and femoral neck [40]. Only one top variant reported for European-Americans
was replicated in African Americans for the femoral neck, and none were replicated for the
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lumbar spine. The failure to demonstrate consistency across ethnic groups may be related to
differences in the frequencies of variant alleles or differences in linkage disequilibrium
patterns. This highlights the critical importance of examining genetic contributions to
disease in groups of diverse ancestral admixture.

Strengths and limitations of this study must be considered. Our cross-sectional design is an
important limitation, especially when interpreting data that reflect a single point in time.
Although we adjusted for several covariates, residual confounding may affect study results.
A strength of our study is that we were able to assess the roles of multiple ancestries in a
single group living in one geographic region, reducing the impact of non-genetic factors that
may influence bone density and body composition related to adiposity. These include not
only environmental factors such as diet, latitude (and its implications for sunlight) and
physical activity, but also non-biological factors such as socioeconomic status that may
influence diet quality. Body composition measures were also ascertained using DXA scans,
which are highly reproducible measures of body composition. Consistent results across bone
sites, particularly for African American ancestry, strengthen the level of evidence for our
findings. It is important to note that our findings are based on broad ancestral groups, and
assessment of disease risk must still be conducted at the individual level. For example, better
understanding of the role of individual genotypes within ancestry may provide a more
accurate prediction of risk.

This study contributes to our understanding of complex diseases and disparities in this
population and has important implications for other ethnic minorities, particularly those with
multiple ancestries. In addition, evaluation of environmental (including diet), cultural and
socioeconomic factors that contribute to body composition and related health conditions is
essential. Finally, a focus on relationships between genetic and environmental factors,
specifically interactions between admixture and environmental factors, may hold promise for
individualized approaches in assessing and preventing body-composition-related disease.

Acknowledgments

We would like to thank the research team for their contribution to this research. We would also like to thank our
study participants for their participation. This research was funded by the National Institutes of Health (P01
AG023394, P50 HL105185, R0O1 AG027087). CES is supported by KO8 HL112845 and SEN by K01 AR067894.

References

1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the
United States, 2011-2012. JAMA. 2014; 311:806-814. [PubMed: 24570244]

2. Daviglus ML, Pirzada A, Talavera GA. Cardiovascular disease risk factors in the Hispanic/Latino
population: lessons from the Hispanic Community Health Study/Study of Latinos (HCHS/SOL).
Prog Cardiovasc Dis. 2014; 57:230-236. [PubMed: 25242694]

3. Bhupathiraju SN, Dawson-Hughes B, Hannan MT, Lichtenstein AH, Tucker KL. Centrally located
body fat is associated with lower bone mineral density in older Puerto Rican adults. Am J Clin Nutr.
2011; 94:1063-1070. [PubMed: 21865328]

4. Morton DJ, Barrett-Connor E, Kritz-Silverstein D, Wingard DL, Schneider DL. Bone mineral
density in postmenopausal Caucasian, Filipina, and Hispanic women. Int J Epidemiol. 2003;
32:150-156. [PubMed: 12690028]

J Bone Miner Metab. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Noel et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 9

. Zingmond DS, Melton LJ 3rd, Silverman SL. Increasing hip fracture incidence in California

Hispanics, 1983 to 2000. Osteoporos Int. 2004; 15:603-610. [PubMed: 15004666]

. Office of the Surgeon General (US). Bone health and osteoporosis: a report of the surgeon general.

Office of the Surgeon General (US); Rockville: 2004.

. Looker AC, Borrud LG, Dawson-Hughes B, Shepherd JA, Wright NC. Osteoporosis or low bone

mass at the femur neck or lumbar spine in older adults: United States, 2005-2008. NCHS Data
Brief. 2012; 93:1-8.

. Araujo AB, Travison TG, Esche GR, Holick MF, Chen TC, McKinlay JB. Serum 25-

hydroxyvitamin D and bone mineral density among Hispanic men. Osteoporos Int. 2009; 20:245-
255. [PubMed: 18548306]

. Zhu X, Luke A, Cooper RS, Quertermous T, Hanis C, Mosley T, Gu CC, Tang H, Rao DC, Risch N,

Weder A. Admixture mapping for hypertension loci with genome-scan markers. Nat Genet. 2005;
37:177-181. [PubMed: 15665825]

. Cheng CY, Reich D, Haiman CA, Tandon A, Patterson N, Selvin E, Akylbekova EL, Brancati FL,
Coresh J, Boerwinkle E, Altshuler D, Taylor HA, Henderson BE, Wilson JG, Kao WH. African
ancestry and its correlation to type 2 diabetes in African Americans: a genetic admixture analysis
in three US population cohorts. PLoS One. 2012; 7:€32840. [PubMed: 22438884]

Lai CQ, Tucker KL, Choudhry S, Parnell LD, Mattei J, Garcia-Bailo B, Beckman K, Burchard EG,
Ordovas JM. Population admixture associated with disease prevalence in the Boston Puerto Rican
health study. Hum Genet. 2009; 125:199-209. [PubMed: 19107526]

Shaffer JR, Kammerer CM, Reich D, McDonald G, Patterson N, Goodpaster B, Bauer DC, Li J,
Newman AB, Cauley JA, Harris TB, Tylavsky F, Ferrell RE, Zmuda JM. Health ABCs. Genetic
markers for ancestry are correlated with body composition traits in older African Americans.
Osteoporos Int. 2007; 18:733-741. [PubMed: 17235662]

Chen Z, Qi L, Beck TJ, Robbins J, Wu G, Lewis CE, Cauley JA, Wright NC, Seldin MF. Stronger
bone correlates with African admixture in African-American women. J Bone Miner Res. 2011;
26:2307-2316. [PubMed: 21590740]

Bonilla C, Shriver MD, Parra EJ, Jones A, Fernandez JR. Ancestral proportions and their
association with skin pigmentation and bone mineral density in Puerto Rican women from New
York city. Hum Genet. 2004; 115:57-68. [PubMed: 15118905]

Klimentidis YC, Miller GF, Shriver MD. The relationship between European genetic admixture
and body composition among Hispanics and Native Americans. Am J Hum Biol. 2009; 21:377-
382. [PubMed: 19214998]

Nassir R, Qi L, Kosoy R, Garcia L, Allison M, Ochs-Balcom HM, Tylavsky F, Manson JE, Shigeta
R, Robbins J, Seldin MF. Relationship between adiposity and admixture in African-American and
Hispanic-American women. Int J Obes. 2012; 36:304-313.

Lins TC, Pires AS, Paula RS, Moraes CF, Vieira RG, Vianna LG, Nobrega OT, Pereira RW.
Association of serum lipid components and obesity with genetic ancestry in an admixed
population of elderly women. Genet Mol Biol. 2012; 35:575-582. [PubMed: 23055794]

Tucker KL. Stress and nutrition in relation to excess development of chronic disease in Puerto
Rican adults living in the Northeastern USA. J Med Investig. 2005; 52:252—-258. [PubMed:
16366511]

White J, Harris SS, Dallal GE, Dawson-Hughes B. Precision of single vs bilateral hip bone mineral
density scans. J Clin Densitom. 2003; 6:159-162. [PubMed: 12794238]

Falush D, Stephens M, Pritchard JK. Inference of population structure using multilocus genotype
data: linked loci and correlated allele frequencies. Genetics. 2003; 164:1567-1587. [PubMed:
12930761]

Pritchard JK, Stephens M, Donnelly P. Inference of population structure using multilocus genotype
data. Genetics. 2000; 155:945-959. [PubMed: 10835412]

Parra EJ, Kittles RA, Argyropoulos G, Pfaff CL, Hiester K, Bonilla C, Sylvester N, Parrish-Gause
D, Garvey WT, Jin L, McKeigue PM, Kamboh MI, Ferrell RE, Pollitzer WS, Shriver MD.
Ancestral proportions and admixture dynamics in geographically defined African Americans
living in South Carolina. Am J Phys Anthropol. 2001; 114:18-29. [PubMed: 11150049]

J Bone Miner Metab. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Noel et al.

Page 10

23. Tsai HJ, Choudhry S, Naqvi M, Rodriguez-Cintron W, Burchard EG, Ziv E. Comparison of three
methods to estimate genetic ancestry and control for stratification in genetic association studies
among admixed populations. Hum Genet. 2005; 118:424-433. [PubMed: 16208514]

24. Choudhry S, Coyle NE, Tang H, Salari K, Lind D, et al. Population stratification confounds genetic
association studies among Latinos. Hum Genet. 2006; 118:652-664. [PubMed: 16283388]

25. Paffenbarger RS Jr, Hyde RT, Wing AL, Lee IM, Jung DL, Kampert JB. The association of
changes in physical-activity level and other lifestyle characteristics with mortality among men. N
Engl J Med. 1993; 328:538-545. [PubMed: 8426621]

26. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness:
definitions and distinctions for health-related research. Public Health Rep. 1985; 100:126-131.
[PubMed: 3920711]

27. Tucker KL, Bianchi LA, Maras J, Bermudez Ol. Adaptation of a food frequency questionnaire to
assess diets of Puerto Rican and non-Hispanic adults. Am J Epidemiol. 1998; 148:507-518.
[PubMed: 9737563]

28. Reiner AP, Ziv E, Lind DL, Nievergelt CM, Schork NJ, Cummings SR, Phong A, Burchard EG,
Harris TB, Psaty BM, Kwok PY. Population structure, admixture, and aging-related phenotypes in
African American adults: the Cardiovascular Health Study. Am J Hum Genet. 2005; 76:463-477.
[PubMed: 15660291]

29. Li C, Ford ES, Zhao G, Balluz LS, Giles WH. Estimates of body composition with dual-energy X-
ray absorptiometry in adults. Am J Clin Nutr. 2009; 90:1457-1465. [PubMed: 19812179]

30. Shaw KA, Srikanth VK, Fryer JL, Blizzard L, Dwyer T, Venn AJ. Dual energy X-ray
absorptiometry body composition and aging in a population-based older cohort. Int J Obes. 2007;
31:279-284.

31. Hirschhorn JN, Lindgren CM, Daly MJ, Kirby A, Schaffner SF, Burtt NP, Altshuler D, Parker A,
Rioux JD, Platko J, Gaudet D, Hudson TJ, Groop LC, Lander ES. Genomewide linkage analysis of
stature in multiple populations reveals several regions with evidence of linkage to adult height. Am
J Hum Genet. 2001; 69:106-116. [PubMed: 11410839]

32. Berentzen TL, Angquist L, Kotronen A, Borra R, Yki-Jarvinen H, lozzo P, Parkkola R, Nuutila P,
Ross R, Allison DB, Heymsfield SB, Overvad K, Sorensen Tl, Jakobsen MU. Waist circumference
adjusted for body mass index and intra-abdominal fat mass. PLoS One. 2012; 7:€32213. [PubMed:
22384179]

33. Willett W, Stampfer MJ. Total energy intake: implications for epidemiologic analyses. Am J
Epidemiol. 1986; 124:17-27. [PubMed: 3521261]

34. Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA, Newman AB, Lee JS, Sahyoun NR,
Visser M, Kritchevsky SB, Health ABCS. Dietary protein intake is associated with lean mass
change in older, community-dwelling adults: the Health, Aging, and Body Composition (Health
ABC) Study. Am J Clin Nutr. 2008; 87:150-155. [PubMed: 18175749]

35. Silventoinen K, Sammalisto S, Perola M, Boomsma DI, Cornes BK, Davis C, Dunkel L, De Lange
M, Harris JR, Hjelmborg JV, Luciano M, Martin NG, Mortensen J, Nistico L, Pedersen NL,
Skytthe A, Spector TD, Stazi MA, Willemsen G, Kaprio J. Heritability of adult body height: a
comparative study of twin cohorts in eight countries. Twin Res. 2003; 6:399-408. [PubMed:
14624724]

36. Wright NC, Looker AC, Saag KG, Curtis JR, Delzell ES, Randall S, Dawson-Hughes B. The
recent prevalence of osteoporosis and low bone mass in the United States based on bone mineral
density at the femoral neck or lumbar spine. J Bone Miner Res. 2014; 29:2530-2536.

37. Looker AC, Melton LJ 3rd, Harris TB, Borrud LG, Shepherd JA. Prevalence and trends in low
femur bone density among older US adults: NHANES 2005-2006 compared with NHANES 111. J
Bone Miner Res. 2010; 25:64—-71. [PubMed: 19580459]

38. Wampler NS, Chen Z, Jacobsen C, Henderson JA, Howard BV, Rossouw JE. Bone mineral density
of American Indian and Alaska Native women compared with non-Hispanic white women: results
from the Women’s Health Initiative Study. Menopause. 2005; 12:536-544. [PubMed: 16145307]

39. Williams RC, Long JC, Hanson RL, Sievers ML, Knowler WC. Individual estimates of European
genetic admixture associated with lower body-mass index, plasma glucose, and prevalence of type
2 diabetes in Pima Indians. Am J Hum Genet. 2000; 66:527-538. [PubMed: 10677313]

J Bone Miner Metab. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Noel et al.

Page 11

40. Koller DL, Ichikawa S, Lai D, Padgett LR, Doheny KF, Pugh E, Paschall J, Hui SL, Edenberg HJ,
Xuei X, Peacock M, Econs MJ, Foroud T. Genome-wide association study of bone mineral density
in premenopausal European-American women and replication in African-American women. J Clin
Endocrinol Metab. 2010; 95:1802-1809. [PubMed: 20164292]

J Bone Miner Metab. Author manuscript; available in PMC 2017 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Noel et al.

Characteristics for 652 participants from the Boston Puerto Rican Osteoporosis Study (BPROS)

Table 1

Characteristics Males(n=184) Females(n=468) P value
Age, years 60.2+7.7 60.6 £7.3 0.57
Education

<5th grade 17% 25% 0.04

5-8th grade 27 % 26 %

9-12th grade (or GED) 43 % 33%

Some college or higher 13 % 15 %
Ancestry

European admixture 0.56 £ 0.16 0.57+0.15 0.55

African admixture 0.28 £0.16 0.28 £0.15 0.98

Native American admixture  0.16 + 0.07 0.15+0.06 0.14
Bone mineral density, g/cm?

Total body 1.27+£0.12 116 +0.11 <0.001

Trochanter 0.98 £0.11 0.91+0.09 <0.001

Femoral neck 1.07+£0.17 1.00+0.15 <0.001

Total hip 1.18+0.14 1.10+0.12 <0.001

Lumbar spine (L2-L4) 1.23+0.21 1.13+0.18 <0.001
Percent fat mass, % 29+8.0 45+6.0 <0.001
Percent lean body mass, % 67+7.0 52+6.0 <0.001
Body mass index, kg/m? 30.0+53 33.1+6.7 <0.001
Height, m 1.7 £0.06 1.5+0.06 <0.001
Waist circumference, cm 104 +14.3 103 +14.5 0.78
Physical activity score 32.4+56 31.0+4.0 <0.001
Dietary vitamin D, 1U 5.02+3.0 473+3.1 0.28
Dietary calcium, mg 880 + 433 783 +413 0.009
Vitamin D supplement use, % 15 % 31% <0.001
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