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Abstract

Historically, osteoporosis has not been considered a public health priority for the Hispanic 

population. However, recent data indicate that Mexican Americans are at increased risk for this 

chronic condition. Although it is well established that there is heterogeneity in social, lifestyle, and 

health-related factors among Hispanic subgroups, there are currently few studies on bone health 

among Hispanic subgroups other than Mexican Americans. The current study aimed to determine 

the prevalence of osteoporosis and low bone mass (LBM) among 953 Puerto Rican adults, aged 47 

to 79 years and living on the US mainland, using data from one of the largest cohorts on bone 

health in this population: The Boston Puerto Rican Osteoporosis Study (BPROS). Participants 

completed an interview to assess demographic and lifestyle characteristics and bone mineral 

density measures. To facilitate comparisons with national data, we calculated age-adjusted 

estimates for osteoporosis and LBM for Mexican American, non-Hispanic white, and non-

Hispanic black adults, aged ≥50 years, from the National Health and Nutrition Examination 

Survey (NHANES). The overall prevalence of osteoporosis and LBM were 10.5% and 43.3% for 

participants in the BPROS, respectively. For men, the highest prevalence of osteoporosis was 

among those aged 50 to 59 years (11%) and lowest for men ≥70 years (3.7%). The age-adjusted 

prevalence of osteoporosis for Puerto Rican men was 8.6%, compared with 2.3% for non-Hispanic 

white, and 3.9% for Mexican American men. There were no statistically significant differences 

between age-adjusted estimates for Puerto Rican women (10.7%), non-Hispanic white women 

(10.1%), or Mexican American women (16%). There is a need to understand specific factors 

contributing to osteoporosis in Puerto Rican adults, particularly younger men. This will provide 
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important information to guide the development of culturally and linguistically tailored 

interventions to improve bone health in this understudied and high-risk population.
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Introduction

According to recent prevalence estimates from the National Health and Nutrition 

Examination Survey (NHANES), osteoporosis and low bone mass (LBM) affected more 

than 55.5% of US adults aged ≥50 years in 2013–2014.(1) Osteoporosis increases the risk of 

fracture, which can lead to decreased quality of life, disability, institutionalization, and 

excess mortality, making this disease an important contributor to public health burden.(2–4) 

In 2005, health care costs related to fracture exceeded $19 billion, and these are estimated to 

increase by 50% by 2025, as the US population ages.(5) The largest increase in fracture-

related health care costs are expected to occur in Hispanics (from $754 million in 2005 to $2 

billion in 2025),(5) one of the fastest growing segments of the US population.(6) Despite 

these projections, bone health remains relatively understudied in this population.

It is a commonly held belief that Hispanics have a lower risk of osteoporosis compared with 

non-Hispanic whites. However, recent data have shown that Hispanics may have a 

similar(7–9) or even higher prevalence of osteoporosis than non-Hispanic whites.(10,11) 

National data, adjusted to the age, sex, and race/ethnic distribution of the US population, 

using 2010 US Census data, indicate that Mexican American men and women have higher 

prevalences of osteoporosis than non-Hispanic white men and women (5.9% versus 3.9% 

and 20.4% versus 15.8%, respectively).(11) The vast majority of bone research among 

Hispanics has focused on Mexican Americans. However, there is evidence that bone status 

varies across Hispanic subgroups.(12) This highlights the need for research to accurately 

target specific groups at risk for LBM and osteoporosis.

More than 9% of the US Hispanic population is of Puerto Rican origin, one of the largest 

Hispanic subgroups in the United States, second only to Mexican Americans.(13) Little is 

known about the skeletal health of Puerto Rican adults and whether interventions and 

programs to improve bone health would benefit this underserved population. The primary 

objective of this study was to estimate the prevalence of osteoporosis and LBM among 

Puerto Rican adults, aged 47 to 79 years, living on the US mainland. Estimates from the 

Boston Puerto Rican Osteoporosis Study (BPROS) were compared to data for Mexican 

American, non-Hispanic white, and non-Hispanic black adults, aged 50 years and older, 

from the NHANES 2005–2010.

Subjects and Methods

Study population

This study included data from 953 participants from the BPROS and, for comparison, data 

from 4244 participants from NHANES (2005–2010). The BPROS is an ancillary study to 
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the Boston Puerto Rican Health Study, a longitudinal investigation of health disparities 

experienced by Puerto Rican adults aged 45 to 75 years living in the Greater Boston area.(14) 

A detailed description of the recruitment methods for the Boston Puerto Rican Health Study 

is published elsewhere.(14) Briefly, year 2000 US Census data were used to identify census 

tracks with 25 or more Puerto Rican adults aged 45 to 75 years. Census blocks within 

identified tracks with 10 or more Hispanic adults aged 45 to 75 years were randomly 

selected for door-to-door enumeration. Each block was visited three to six times, on all days 

(including weekend days), and at all times of the day (including evenings). More than 77% 

of participants were recruited using this method. One participant per household was 

randomly selected to participate in the study. Additional participants were recruited through 

community efforts, including community events (9.8%), referrals from community 

organizations (7.2%), and calls to the study office from flyers distributed throughout the 

community and/or though advertisements on the radio and television (5.6%). Eligible 

participants included those who self-identified as Puerto Rican, could answer questions in 

English or Spanish, aged 45 to 75 years and living in the Greater Boston area. Exclusion 

criteria included: (i) any plans to move from the area within 2 years; (ii) low Mini Mental 

State Examination score (≤10); or (iii) inability to answer questions due to a serious health 

condition.(14) A total of 1504 Puerto Rican adults completed a baseline interview, and 1265 

completed a 2-year follow-up interview. After completing the 2-year interview, participants 

were invited to participate in the BPROS. Of the 1267 participants who completed 2-year 

interviews, 973 were re-consented for the BPROS. Reasons for nonparticipation included: 

205 were not interested, 13 moved from the area, 47 had difficulty scheduling the interview, 

11 were lost to follow up, 2 did not participate for health issues, and 20 had died since their 

2-year interview. Four participants did not complete the 2-year interview, but were consented 

for the BPROS. Those who declined to participate in the BPROS were older (60.9 years 

versus 58.7 years, p < 0.001) and were more likely to have type 2 diabetes (47.8% versus 

40.4%, p = 0.03) compared with those who participated. There were no differences by sex (p 
= 0.91), smoking status (p = 0.16), physical activity score (p = 0.42), or activities of daily 

living (no versus some versus considerable impairment, p = 0.34).

Participants in the BPROS completed an interview and BMD measures, and provided a 

blood sample at the Metabolic Research Unit at the Jean Mayer US Department of 

Agriculture (USDA) Human Nutrition Research Center on Aging (HNRCA) at Tufts 

University. Participants provided written informed consent. The Institutional Review Boards 

at Tufts Medical Center, Tufts University, Northeastern University, and the University of 

Massachusetts Lowell approved this study.

The NHANES is a cross-sectional national survey conducted by the National Center for 

Health Statistics (NCHS), Centers for Disease Control and Prevention (CDC), to collect 

health and nutrition information on children and adults in the United States. The sample is 

selected using a complex, multilevel, probability-cluster sampling design and data are 

collected in biennial cycles using comprehensive questionnaires and medical examinations, 

as described in detail elsewhere.(15) The 2005–2006, 2007–2008, and 2009–2010 cycles 

were included in this study. A total of 4244 adults, aged 50 years and older and with valid 

BMD scans of the hip and of the lumbar spine (L2–L4), were included in this study to be 

comparable to the protocol and prevalence estimates from the BPROS.(16–18) Participants of 
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NHANES provided written informed consent and the protocols were approved by the 

Research Ethics Review Board of the NCHS.

Measures of BMD

In the BPROS, BMD (g/cm2) of the hip and lumbar spine was measured using dual-energy 

X-ray absorptiometry (DXA) (GE-Lunar Model Prodigy scanner; GE Lunar, Madison, WI, 

USA) at the Bone Metabolism Laboratory at the HNRCA. All measures were obtained 

following standard procedures, and the right hip was routinely scanned unless the participant 

reported having a previous hip fracture or joint replacement. The root mean square precision 

was 1.31% for BMD measures of the femoral neck and 1.04% for the lumbar spine for this 

laboratory, as reported.(19) Each week, an external standard (aluminum spine phantom; 

Lunar Radiation Corp) was scanned to assess stability of the DXA measures (DXA 

acquisition software version 6.1 and analysis version 12.2). A total of 25 participants’ 

lumbar spine (L2–L4) measures and seven participants’ femoral neck measures were 

excluded from analyses, as determined by the study endocrinologist (BDH) to be inaccurate, 

after reviewing all scans with T-scores >4.0 to check for non-anatomical parts and for 

extraskeletal calcification.

In the NHANES, BMD of the hip and the lumbar spine were measured using a Hologic 

QDR 4500A fan-beam densitometer (Hologic Inc., Bedford, MA, USA) following the BMD 

examination protocol, as described.(20) Spine scans were analyzed using Apex version 3.0 

software and femur scans using Discovery 12.4 software. Quality control was conducted 

routinely on all DXA machines.

Prevalence of osteoporosis and LBM

Osteoporosis was defined as T-score ≤ −2.5 (2.5 SD or more below peak bone mass) and 

LBM as T-score between −1.0 and −2.5 (between 1.0 and 2.5 SD below peak bone mass) at 

the femoral neck or lumbar spine, as defined by criteria from the World Health Organization.
(21) Prevalence estimates of osteoporosis and LBM were completed for the full sample and 

by sex and age category (45–50 years, 50–59 years, 60–69 years, and 70–79 years) for the 

BPROS. For the BPROS and NHANES, T-scores for the lumbar spine were calculated using 

a reference group of 30-year-old non-Hispanic white females from the DXA manufacturer 

database,(22) and for the femoral neck using a reference group of 20-year-old to 29-year-old 

non-Hispanic white females from NHANES III.(23) Prevalence estimates of osteoporosis and 

LBM were calculated at the femoral neck and lumbar spine (L2–L4) for all participants from 

the BPROS and NHANES to be comparable to prevalence estimates from previous studies.
(16–18)

Additional descriptive variables

At baseline and 2-year follow-up of the Boston Puerto Rican Health Study, questionnaires 

were administered to collect data on age, education, household income, and health and 

health behaviors (eg, physical activity, smoking, and alcohol consumption).(14) Educational 

attainment was categorized as <8th grade, 9th to 12th grade, and some college or higher. 

Poverty level was calculated using the annual poverty thresholds released by the U.S. Census 

Bureau.(24) A physical activity score was calculated based the number of hours spent in 
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various activities from a modified Paffenbarger questionnaire of the Harvard Alumni 

Activity Survey(25,26) and the rate of oxygen consumption corresponding with each activity. 

Anthropometric measures were obtained in duplicate and an average of the two measures 

was used. Body mass index (BMI) was calculated as weight in kilograms divided by height 

in meters squared (kg/m2). Diabetes was defined as fasting glucose >126 mg/dL or use of 

diabetes medications. Heart disease was defined based on self-report of heart disease, heart 

attack, or stroke.

During the BPROS study visit, fasting blood samples were collected by a bilingual certified 

phlebotomist with evacuated EDTA tubes. Samples were immediately centrifuged to 

separate plasma. Plasma 25-hydroxyvitamin D was measured using a 125I 

Radioimmunoassay procedure (DiaSorin, Inc., Stillwater, MN, USA; manufacturer 

procedures: 68100E).(27) The intraassay and interassay coefficients of variation (CVs) were 

10.8% and 9.4%, respectively. Serum parathyroid hormone (PTH) and osteocalcin were 

measured on an Immulate 1000 analyzer by a two-site chemiluminescent enzyme-labeled 

immunometric assay(28–30) and an immunimetric assay,(31,32) respectively. The intraassay 

and interassay CVs were 5.5% and 7.9% for serum PTH and 2.8% and 3.9% for osteocalcin, 

respectively. Serum cross-linked N-telopeptides (NTx) were measured by competitive on-

inhibition enzyme-linked immunosorbent assay (ELISA) on a BioTek Instruments Elx 808 

Microplate Reader.(33,34) The intraassay and interassay CVs were 4.6% and 6.9%, 

respectively.

One hundred ancestry informative markers (AIMS) were selected if the allele frequency 

differed by at least 0.5 between any two of the three ancestral populations and were used to 

estimate genetic ancestry.(35) The 100 AIMS were distributed across the genome and were in 

linkage equilibrium in the three ancestral populations: West African, European, and native 

American. The QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) was used to 

isolate DNA, and IPLEX protocols for the multiplex PCR, single-base primer extension, and 

generation of mass spectra were used to genotype the AIMS.(35) Individual ancestry was 

calculated using two programs (STRUCTURE 2.2(36,37) and IAE3CI(38,39)) based on the 

genotypes of the AIMS in reference to the three ancestral populations.(40)

Data analysis

Data were analyzed using SAS (version 9.4; SAS Institute, Cary, NC, USA). Data are 

presented as mean and 95% CI for BMD of the femoral neck and lumbar spine, and 

prevalence estimates and standard error for osteoporosis and LBM, at either the femur neck 

or lumbar spine. Age-adjusted estimates for osteoporosis and LBM were obtained for Puerto 

Rican men and women. For comparison with the BPROS data, we calculated the age-

adjusted prevalence estimates and 95% CI for osteoporosis and LBM for Mexican 

American, non-Hispanic white, and non-Hispanic black men and women using NHANES 

data (2005–2010). Sample weights were used, and all analyses accounted for the complex 

survey design. We examined the 95% CIs between the BPROS and NHANES groups to 

identify measurable differences between group means.
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Results

The mean age of men was 58.2±7.8 years and women was 58.9±7.3 years (Table 1). 

Predominant European ancestry (56±16% and 57±15%) and lower African (28±16% and 

28±15%) and native American ancestries (16±7% and 15±6%) were noted for men and 

women, respectively. The majority of participants had less than high school education and 

low income. Approximately 30% of men and 17% of women were current smokers and 45% 

of men and 29% of women consumed moderate to heavy amounts of alcohol. 

Approximately 40% of men and women had diabetes and 22% to 24% reported having heart 

disease. More than 44% of men and 68% of women reported having arthritis. Participants 

also tended to have low plasma vitamin D concentration (men: 18.6±7.0; women 20.1±7.5 

ng/mL).

In the full sample of Puerto Rican men and women, mean BMD of the femoral neck and 

lumbar spine decreased with increasing age categories (Table 2). Among men, mean femoral 

neck BMD was highest among the 45 to 49 year age group (1.05 g/cm2). In the older age 

groups, BMD of the femoral neck remained relatively similar (Table 2). Among women, 

mean femoral neck decreased across age categories (45–49 years: 1.01 g/cm2; 50–59 years: 

0.93 g/cm2; 60–69 years: 0.88 g/cm2; and 70–79 years: 0.85 g/cm2). Among women, lumbar 

spine BMD decreased across all age categories (45–49 years: 1.27 g/cm2; 50–59 years: 1.14 

g/cm2; 60–69 years: 1.11 g/cm2; and 70–79 years: 1.06 g/cm2). In contrast, mean lumbar 

spine BMD was lowest among men 50 to 59 years (1.18 g/cm2) and highest among men 70 

to 79 years (1.31 g/cm2).

The prevalences of osteoporosis and LBM were 10.5% and 43.3%, respectively for BPROS 

participants (Table 3). Women had higher prevalences of osteoporosis and LBM compared 

with men (11.2% versus 8.8% and 46.9% versus 34.4%, respectively). However, differences 

were only statistically significant for LBM (p < 0.001) and not for osteoporosis (p = 0.28). 

For women, the prevalence of osteoporosis increased across age categories (45–49 years: 

3.8%; 50–59 years: 9.6%; 60–69 years: 10.8%; and 70–79 years: 24.3%). However, for men, 

the highest prevalence of osteoporosis was among those aged 50 to 59 years (11%) and 

lowest for men ≥70 years (3.7%). For men and women combined, the prevalence of LBM 

increased across age categories from 45 to 49 years to 60 to 69 years, but decreased for ages 

70 to 79 years.

Figure 1 presents the age-adjusted prevalence of osteoporosis and LBM for men from the 

BPROS, and for Mexican American, non-Hispanic white, and non-Hispanic black men from 

NHANES 2005–2010. A greater percentage of BPROS men had osteoporosis compared 

with non-Hispanic white or non-Hispanic black men (8.6% versus 2.3% and 1.3%, 

respectively). Although the estimates for Puerto Rican men were more than double that of 

Mexican American men from NHANES (8.6% versus 3.9%), the CI values were large and 

between-group estimates were not significant. Puerto Rican, Mexican American, and non-

Hispanic white men had similar prevalence estimates of LBM (34.6%, 38.3%, and 34.5%, 

respectively) and CI values overlapped. Non-Hispanic black men had the lowest estimate of 

LBM compared with the other groups.
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Age-adjusted prevalence of osteoporosis was similar for Puerto Rican and non-Hispanic 

white women (10.7% versus 10.1%, respectively) (Fig. 2). Mexican American women had 

the highest prevalence of osteoporosis, at 16%, although CI values overlapped between this 

group and Puerto Rican women. Mexican American and non-Hispanic white women had 

similar age-adjusted estimates for LBM (50.1% and 51.5%, respectively). Approximately 

46.7% of Puerto Rican women had LBM. Non-Hispanic black women had the lowest 

prevalence of osteoporosis (3.8%) and LBM (35.8%) compared with the other groups.

Discussion

This study presents results from one of the largest cohort studies on bone health among 

Puerto Rican older adults living on the US mainland. Our findings indicate that the 

prevalence of osteoporosis and LBM among Puerto Rican adults was 10.5% and 43.4%, 

respectively. For women, the age-adjusted prevalence was 10.7% for osteoporosis and 46.7% 

for LBM. For men, the age-adjusted prevalence of osteoporosis and LBM was 8.6% and 

34.6%, respectively. A greater percentage of Puerto Rican men from the BPROS had 

osteoporosis, compared with non-Hispanic white or non-Hispanic black men from 

NHANES; CI values overlapped between Puerto Ricans and Mexican Americans. Puerto 

Rican women had a similar estimate of osteoporosis, compared with non-Hispanic white 

women from NHANES.

The underlying belief has been that osteoporosis is not a major health concern for Hispanic 

adults.(41) In contrast, a study using national data found that the prevalence of osteoporosis 

was highest among Mexican American men [MA] and women (ages ≥50 years) compared 

with non-Hispanic white [NHW] and black [NHB] men (5.9% MA versus 3.9% NHW 

versus 1.3% NHB) and women (20.4% MA versus 15.8% NHW versus 7.7% NHB).(11) 

Based on these results, most bone research in Hispanics has focused on Mexican Americans. 

Given the heterogeneity among the Hispanic population for many factors, including 

sociodemographics, health behaviors, culture, and genetics,(42–44) it is imperative that bone 

health also be investigated among Hispanic subgroups individually. There are currently few 

data describing the prevalence of osteoporosis among Puerto Ricans; the second largest 

subgroup of Hispanics in the United States. One small study (n = 57) of Puerto Rican 

women (50–69 years) living on the island of Puerto Rico reported that 12% had osteoporosis 

at the lumbar spine and 8.7% at the femoral neck.(45) In our study of more than 900 men and 

women who were either first-generation or second-generation adults living on the US 

mainland, the prevalence of osteoporosis at either the femoral neck or lumbar spine was 

10.7%; similar to the results observed among Puerto Rican women living on the island.

The current study also included men, where the age-adjusted prevalence of osteoporosis and 

LBM was 8.6% and 34.6%, respectively. These estimates of osteoporosis for Puerto Rican 

men are higher than those previously reported for non-Hispanic white or non-Hispanic black 

men, based on national data.(11) Comparison of our results from the BPROS to NHANES 

data showed that prevalence estimates were approximately two to three times greater for 

Puerto Rican men than noninstitutionalized men from the general US population. Further, 

the highest prevalence of osteoporosis among Puerto Rican men was noted for those aged 50 

to 59 years (11.0%). This was a surprising finding, because previous studies have shown 
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lower estimates of osteoporosis among men in this age range within the United States.(11,46) 

Osteoporosis has been typically shown to affect men later in life (≥70 years) whereas our 

study suggests that Puerto Rican men living in the Greater Boston area experience a higher 

burden of osteoporosis at a younger age, between 50 and 69 years.

The reason for higher estimates of osteoporosis in this population of younger Puerto Rican 

men is unknown and requires further exploration. One possible explanation for this 

phenomenon is that older Puerto Rican adults were more physically active during their 

lifetime compared with younger adults, which may offer protection for bone health.(47,48) A 

study using data from four US national surveillance systems reported that, among Hispanics 

(excluding Mexican Americans), the percentage of men and women who participated in 

occupational and transportation-related physical activities decreased with acculturation.(49) 

Approximately 47% of Hispanics living in the United States for <5 years reported 

transportation-related physical activity, compared to approximately 28% of Hispanics living 

in the United States for greater than 15 years. Dietary changes with acculturation may also 

be associated with the differences in bone health between younger Puerto Rican men and 

older Puerto Rican men in the current study. An earlier study using data from the BPROS 

showed that younger individuals followed a more Western-type dietary pattern (high in meat, 

processed meat, and French fries) compared with older Puerto Rican adults.(50) Further, 

adults who were the least acculturated were more likely to be following a traditional diet 

(rice, beans, and oils). Supporting these findings, a systematic review of 34 studies 

examining the acculturation-diet relation among Hispanics reported that more acculturated 

individuals consume less fruit and vegetables, rice and beans, and more sugar and sugar-

sweetened beverages.(51) Furthermore, foreign-born individuals consumed more calcium 

compared to those born in the United States.(51) Dietary patterns that have been shown to be 

beneficial to bone are those high in fruit and vegetables(52) nuts, legumes, wine, and rice 

dishes,(53) whereas diets high in processed foods and red meat have been related to poorer 

bone health.(54) However, these studies have largely been conducted in non-Hispanic white 

adults. Although, additional research on the relationship between dietary patterns and bone 

health in this population are needed, the dietary patterns of younger, more acculturated 

Puerto Rican adults tend to include foods and beverages that may be detrimental to bone 

health.

In the current study, the age-adjusted prevalence of osteoporosis was similar for Puerto 

Rican women from the BPROS and for non-Hispanic white women from NHANES. 

Osteoporosis has traditionally been viewed as a condition affecting primarily non-Hispanic 

white women, because earlier studies indicated that BMD of Hispanics was intermediate 

between non-Hispanic whites and blacks.(55,56) Our findings, however, suggest that 

osteoporosis is currently a greater public health problem than previously appreciated in this 

population and, based on projections by Burge and colleagues,(5) will continue to grow, 

likely resulting in more fractures. A small study of postmenopausal women reported lower 

BMD at the spine, and poorer bone mechanical and microarchitecture, among 33 Caribbean-

origin Hispanics, including Puerto Ricans, compared with 33 age-matched non-Hispanic 

white women, suggesting poorer bone quality in this population.(57) Combined with our 

findings of higher than expected prevalence of osteoporosis in Puerto Rican women, this is 
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of concern and illustrates an urgent need for understanding the mechanisms underpinning 

poor bone health in this population.

Current clinical recommendations published by the National Osteoporosis Foundation 

(NOF) are available for screening, diagnosis, and treatment of osteoporosis in 

postmenopausal women and men ≥50 years. However, based on our results, 

recommendations to counsel on risk of osteoporosis and fracture and on health behaviors 

(diet and physical activity) to promote bone health should begin at an earlier age. Hispanics 

have been shown to have limited knowledge about osteoporosis and bone health, and to view 

osteoporosis as less important than other chronic conditions, such as heart disease and 

diabetes.(58) This population also engages in fewer health behaviors that promote bone 

health, such as participating in weight-bearing activities and taking calcium supplements.
(58,59) Primary care visits should include education on the prevention of osteoporosis as part 

of routine care, particularly for this vulnerable population. Increasing knowledge and 

awareness about osteoporosis and risk factors for this chronic condition is imperative, as 

there is no cure. This may be a missed opportunity for primary prevention of osteoporosis, in 

an effort to prevent future fracture in this population. Further additional research is needed to 

determine whether early screening for osteoporosis in this population would be beneficial 

and cost-effective to inform future clinical recommendations.

This study had several strengths and limitations. To date, this is one of the largest studies of 

bone health among Puerto Rican adults living on the US mainland, although there were 

small sample sizes in some of age categories and for men, particularly for older men. 

Although bone measures were completed using the gold standard (DXA), this study did not 

examine fracture, which is clinically relevant, because self-reported measures were collected 

in the BPROS and are not a well-validated measure of fracture assessment for comparison 

across studies. Older patients may have better bone status versus younger patients because 

they are healthy enough to participate in the study.

In summary, this work contributes to a growing body of literature that indicates Hispanics, 

particularly Puerto Ricans, are at risk for osteoporosis and LBM. This is contrary to current 

public health standards which do not address the need for intervention for bone among 

Hispanic subgroups that have different lifestyle, acculturation, and sociodemographic 

influences. The current study indicates a need for additional research on the ethnic-specific 

factors contributing to osteoporosis in this high-risk and understudied population. This will 

provide valuable information to inform future culturally and linguistically appropriate 

interventions to reduce the public health burden of this prevalent chronic condition in this 

Hispanic subgroup.
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Fig. 1. 
Age-adjusted prevalence of osteoporosis and LBM at either the femoral neck or lumbar 

spine for Puerto Rican men from the Boston Puerto Rican Osteoporosis Study and Mexican 

American, non-Hispanic white, and non-Hispanic black men from NHANES (2005–2010). 

Estimates with the same superscript signify overlap of 95% CI between groups.
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Fig. 2. 
Age-adjusted prevalence of osteoporosis and LBM at either the femoral neck or lumbar 

spine for Puerto Rican women from the Boston Puerto Rican Osteoporosis Study and 

Mexican American, non-Hispanic white, and non-Hispanic black men from NHANES 

(2005–2010). Estimates with the same superscript signify overlap of 95% CI between 

groups.
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Table 1

Characteristics of Participants in the Boston Puerto Rican Osteoporosis Study, by Sex

Characteristic Men
(n = 258–265)

Women
(n = 666–686)

Age (years), mean SD 58.2±7.8 58.9±7.3

Education, % 44.9 49.0

 Less than 8th grade 44.9 49.0

 9th to 12th grade (or GED) 42.2 35.1

 Some college or higher 12.9 15.9

Below poverty level, % 48.5 58.8

Ancestry, mean±SD

 European admixture 56±16 57±15

 African admixture 28±16 28±15

 Native American admixture 16±7 15±6

Physical activity score, mean±SD 33.0±5.8 31.3±4.0

Current smoker, % 30.0 17.2

Alcohol consumption, %

 None within the past year 54.7 70.7

 Moderate 37.5 25.5

 Heavy 7.8 3.8

Body mass index (kg/m2), mean±SD 30.1±5.6 33.0±6.8

Diabetes, % 40.7 40.6

Heart disease, % 24.2 22.9

Arthritis, % 44.2 68.7

Plasma 25(OH) vitamin D (ng/mL), mean±SD 18.6±7.0 20.1±7.5

HRT use, % – 1.9

Serum NTX (nmol BCE), mean±SD 13.1±6.1 13.7±5.9

Serum osteocalcin (ng/mL), mean±SD 5.4±3.7 6.8±4.7

Serum (pg/mL), PTH mean±SD 51.7±30.6 54.4±30.6

GED=General Equivalency Diploma; HRT=hormone-replacement therapy.
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Table 2

Mean Bone Mineral Density (g/cm2) of the Femoral Neck and the Lumbar Spine for Puerto Rican Adults 

From the Boston Puerto Rican Osteoporosis Study

Femoral neck (g/cm2) Lumbar spine (g/cm2)

n Mean (95% CI) n Mean (95% CI)

Full sample

 Age category

  45–49 years 85 1.023 (0.994,1.052) 85 1.251 (1.217, 1.284)

  50–59 years 430 0.950 (0.937, 0.963) 422 1.154 (1.136, 1.171)

  60–69 years 336 0.913 (0.898, 0.928) 329 1.143 (1.123, 1.162)

  ≥70 years 100 0.889 (0.857, 0.921) 95 1.123 (1.081, 1.165)

Men

 Age category

  45–49 years 32 1.050 (0.998, 1.103) 32 1.226 (1.169, 1.282)

  50–59 years 118 0.996 (0.969, 1.024) 114 1.180 (1.146, 1.214)

  60–69 years 96 0.987 (0.954, 1.020) 91 1.232 (1.190. 1.273)

  ≥70 years 26 1.012 (0.953, 1.072) 24 1.314 (1.239, 1.388)

Women

 Age category

  45–49 years 53 1.006 (0.971, 1.041) 53 1.266 (1.224, 1.308)

  50–59 years 312 0.933 (0.918, 0.947) 308 1.144 (1.124, 1.164)

  60–69 years 240 0.884 (0.869, 0.899) 238 1.109 (1.088, 1.129)

  ≥70 years 74 0.846 (0.813, 0.879) 71 1.058 (1.017, 1.099)
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