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ABSTRACT

Background:Dairy foods have been shown to improve bonemineral density (BMD) in non-Hispanic whites. Puerto Rican

adults have a higher prevalence of osteoporosis and vitamin D deficiency than non-Hispanic whites. However, there is

little understanding of lifestyle influences on bone in this population.

Objective: The aim of this study was to examine associations of dairy intakes with BMD among adults from the Boston

Puerto Rican Osteoporosis Study with and without adequate serum vitamin D status.

Methods: A total of 904 participants in this cross-sectional analysis provided dietary intakes with a culturally tailored

food-frequency questionnaire. Dairy food groups were calculated [total dairy, modified dairy (without cream or dairy

desserts), fluid dairy (milk+ yogurt), cheese, yogurt, and cream and desserts]. BMD (grams per centimeter squared) was

measured using dual-energy X-ray absorptiometry. Vitamin D status was defined as sufficient (serum 25-hydroxyvitamin

D [25(OH)D] ≥20 ng/mL) or insufficient (<20 ng/mL). General linear models were used to examine associations between

dairy intake and BMD, stratified by vitamin D status.

Results:Of the total sample, 73%were women, of whom 87%were postmenopausal. Mean ± SD age was 60.0 ± 7.6 y

and mean ± SD body mass index (kg/m2) was 32.3 ± 6.6. Mean serum 25(OH)D (range: 4–48 ng/mL) was 14.3 ±
3.6 ng/mL in insufficient individuals and 26.0 ± 5.5 ng/mL in sufficient individuals. In the full sample, higher intakes

of modified dairy foods (β = 0.0015, P = 0.02) and milk (β = 0.0018, P = 0.04) were associated with higher femoral

neck (FN) BMD. Among those who were vitamin D sufficient, higher intakes of total dairy (P = 0.03–0.07), fluid dairy

(P = 0.01–0.05), and milk (P = 0.02–0.09) were significantly related to higher FN and lumbar spine BMD, respectively.

Among vitamin D–insufficient participants, dairy intakes were not associated with BMD (P-range = 0.11–0.94).

Conclusions: Dairy food intakes were associated with higher BMD among adults, particularly those with sufficient

vitamin D status. Future studies should confirm findings longitudinally and assess culturally acceptable lifestyle

interventions to improve bone health among Hispanic adults. This trial was registered at clinicaltrials.gov as

NCT01231958. J Nutr 2019;149:139–148.
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Introduction

Osteoporosis and low bone mass currently affect >54 million
US adults aged ≥50 y, and this is projected to increase to 71.4
million by 2030 (1). Osteoporotic fracture results in decreased
quality of life (2), particularly hip fracture, which contributes
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significantly to long-term disability, institutionalization, and
mortality (3, 4). Osteoporosis-related fractures accounted for
>$19 billion in total costs in 2005, and these costs are projected
to increase 50% by 2025 as the US population ages (5).
Therefore, public health strategies that address risk factors for
and early detection of osteoporosis are urgently needed.
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Dairy foods provide more bone-benefiting nutrients (protein,
calcium, magnesium, potassium, zinc, and phosphorus) per
calorie than any other food (6).Dairy foods have been positively
related to bone mineral density (BMD) and with reduced
bone loss over time among non-Hispanic white adults (7–9).
However, to date, no studies have examined dairy intakes of
Hispanic adults and their relation to BMD, although Hispanics
are the second fastest growing and largest ethnic minority
population in the United States, comprising 17% of the
population (10). Recent projections estimate that Hispanics will
have one of the largest increases in fracture incidence and health
care costs from osteoporotic fractures ($754 million in 2005
to $2 billion in 2025) (5), yet they remain underrepresented
in nutrition and bone-related research. Although not widely
appreciated, current evidence indicates that Hispanics have a
higher prevalence of osteoporosis than non-Hispanic whites
(11) and limited data show that Hispanic adults present with
a similar risk of fracture compared with non-Hispanic whites
and a higher risk compared with non-Hispanic blacks and Asian
Americans (12, 13). The majority of limited existing research on
bone health in Hispanics has focused on Mexican Americans as
a result of their majority status in the United States. However,
data suggest that the prevalence of osteoporosis differs among
Hispanic subgroups (14). Data from the Boston Puerto Rican
Osteoporosis Study (BPROS) showed that, compared with
non-Hispanic white adults, Puerto Rican men had a higher
prevalence of osteoporosis and Puerto Rican women a similar
prevalence of osteoporosis (15). On the basis of projections,
we expect the incidence of osteoporosis-related fractures to
continue to increase by 175% in Puerto Rican men and women
(5). Therefore, identifying risk factors for osteoporosis among
Puerto Rican adults is a major gap in the literature that needs
to be addressed to inform public health efforts to prevent
osteoporosis.

Compared with other food groups in the Dietary Guidelines
for Americans, dairy intake recommendations are the least likely
to be followed among Hispanics (16). Hispanic individuals
synthesize less vitamin D per unit of sun exposure than do
non-Hispanic whites (17) and present with 3.2 times higher
risk of vitamin D deficiency (18). Therefore, because of the
high prevalence of osteoporosis among Hispanics, in addition
to unique cultural differences in dairy intakes (19, 20), lower
vitamin D status, and poor adherence to dairy dietary guide-
lines, it is vital to determine whether dairy intake influences
bone health among this growing US subgroup. Data from the
FraminghamOsteoporosis Study showed higher intakes of dairy
to be associated with less BMD loss but only among vitamin
D–supplement users, not among nonusers (7). However, this
study was limited because it could not assess serum vitamin
D status. Therefore, the objectives of this cross-sectional study
were as follows: 1) to examine the relation of dairy intakes
with BMD among Hispanic adults from the BPROS and 2) to
examine the relation of dairy intakes with BMD stratified by
serum vitamin D status. We hypothesized that higher intakes of
specific dairy foods would be associated with higher BMD and
that participants with vitamin D sufficiency would realize more
benefits than those with vitamin D insufficiency.

Methods
Study population
Data on 904 participants from the BPROS, an ancillary study to the
Boston Puerto Rican Health Study, were included for analysis. The

Boston Puerto Rican Health Study is a longitudinal investigation of
the health disparities experienced by Puerto Rican adults aged 45–75 y
living in the Greater Boston area, as described in detail elsewhere (21). In
brief, a total of 1504 Puerto Rican adults completed a baseline interview
and 1265 of those participants completed a 2-y follow-up interview.
Information on sociodemographic characteristics, health and health
behaviors, migration history, medication use, and stress were conducted
at baseline and a 2-y follow-up in participants’ homes by bilingual
interviewers. After completing the 2-y follow-up interview for the main
cohort study, participants were asked to participate in the BPROS. Of
the 1267 participants who completed 2-y interviews, 973 volunteered
to participate in the BPROS, 205 declined participation, 13 had moved
from the Greater Boston area, 47 had difficulty scheduling the interview,
11 were lost to follow-up, 2 did not participate for other reasons (e.g.,
health issues), and 20 participants had died since their 2-y interview.
Four participants who did not complete the 2-y interview consented
to participate in the BPROS. Those who declined to participate in the
BPROS were older (60.9 y compared with 58.7 y; P < 0.001) and were
more likely to have type 2 diabetes (47.8% compared with 40.4%;
P = 0.03) than those who participated. There were no differences in
participation by sex (P = 0.91), smoking status (P = 0.16), physical
activity score (P = 0.42), or activities of daily living (none compared
with some compared with considerable impairment; P = 0.34).

The 973 participants who agreed to participate in the BPROS
completed an interview, which included questions on sunlight exposure
and falls; had BMD measures taken; and provided a blood sample at
theMetabolic Research Unit at the JeanMayer USDAHumanNutrition
Research Center on Aging at Tufts University. A total of 25 participants’
lumbar spine (L2–L4) measures and 7 femoral neck measures were
excluded from analyses, as determined by the study endocrinologist
after reviewing all scans with T-scores >4.0 to check for nonanatomical
parts or extraskeletal calcification. Of the 973 participants, 954
provided data on dietary intake. Participants with dietary intakes
<600 or >4800 kcal/d were excluded from analyses (n = 47). Three
participants were excluded due to missing covariate information on
physical activity and smoking habits. Therefore, 904 participants were
included in the dairy and bone analyses. A total of 880 of these
participants had measured serum 25-hydroxyvitamin D [25(OH)D]
concentrations (for stratified analyses). All of the participants provided
informed consent. The institutional review boards at Tufts University,
Northeastern University, and the University of Massachusetts–Lowell
approved this study. The trial was registered at clinicaltrials.gov as
NCT01231958.

Measures of BMD
BMD (grams per centimeter squared) of the hip and lumbar spine
was measured using DXA (GE-Lunar model Prodigy scanner; General
Electric) at the Bone Metabolism Laboratory at the Human Nutrition
Research Center on Aging. 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 elsewhere (22). Each week, an external standard (aluminum
spine phantom: Lunar Radiation Corp.) was scanned to assess stability
of the DXA measures.

Dietary intakes
Dietary intakes were assessed at the interview closest to the BMD
measurement (at the 2-y follow-up appointment). Dietary assessment
was performed with an FFQ adapted specifically for use in this
population of Hispanic adults. The food list for the FFQ was developed
using the National Cancer Institute/Block food-frequency format but
with data from the Hispanic Health and Nutrition Examination Survey
dietary recalls for Puerto Rican adults. The FFQ was then tested in
Puerto Ricans aged ≥60 y in Massachusetts. The typical Puerto Rican
diet differs considerably from both the general US population and from
other Hispanic subgroups (such as Mexican Americans). Therefore,
foods like plantains and specific soup and rice-dish recipes, as well as
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appropriate portion sizes, were added to the FFQ. The Boston Puerto
Rican Health Study FFQ has been shown to be a better estimator of
dietary intakes in this Hispanic population (23). It has been validated
against plasma carotenoids (24), vitamin E (25), vitamin B-6 (26),
and vitamin B-12 (27) in Hispanic adults aged ≥60 y. Nutrient intake
profiles are calculated from the scanned FFQs using the Nutrient Data
System for Research software (NDS-R; Nutrition Coordinating Center).

Dairy foods were expressed as a percentage of total energy intake
(kilocalories from dairy food/total kilocalories intake per day × 100).
Dairy groups were created on the basis of nutrient similarity and overall
distribution across the population by creating the sum of intakes across
each dairy food. Dairy groups included the following: milk, yogurt,
fluid dairy (milk + yogurt), cheese, cream and dessert dairy (common
dairy desserts in the Puerto Rican population include pudding, custard,
cheesecake, and ice cream), and total dairy (sum of cream, milk, yogurt,
cheese, and dessert dairy). Additional dairy groups were created on
the basis of total fat content [high-fat dairy (sum of all dairy foods
with >2% fat) and reduced-fat dairy (sum of all dairy foods with
≤2% fat)] because saturated fat has been associated with lower BMD
(28). Therefore, each dairy group represents the percentage of energy
contributed to total energy intakes per day. Tertiles of dairy groups
were created on the basis of the distribution of dairy groups across
the population and to represent “high,” “medium,” and “low” intakes
within each dairy group.

Covariates
Covariates known to affect bone health were included in all statistical
analyses. Covariates were measured at the same examination when diet
was measured (2-y follow-up examination to the Boston Puerto Rican
Health Study). These covariates included age (years), sex, menopause
status, use of estrogen (women only), height (meters), BMI (kg/m2),
physical activity [continuous scores; range: 24.5 (none or little) to
60.5 (some)], total energy intake (kilocalories per day), smoking
status (never, former, or current), alcohol intake (none, moderate, or
heavy), and calcium supplement use and vitamin D supplement use
(nonuser, moderate supplement use, or high supplement use). Height
was measured with a SECA 214 portable stadiometer to the nearest
centimeter and weight was measured in pounds using a clinical scale
(Toledo Weight Plate, model I5S; Bay State and Systems, Inc.). These
measures were converted tometers and kilograms, respectively, and BMI
was then calculated as weight in kilograms/height in meters squared.
Physical activity level was assessed as a weighted 24-h score of typical
daily activity on the basis of hours spent doing heavy, moderate, light,
or sedentary activity as well as sleeping [modified from the Framingham
Exercise and Physical Activity Questionnaire (29)].

Usual intake of total energy was assessed with the FFQ. The
Healthy Eating Index (HEI) 2005 score was calculated according to
the method recommended by the USDA Center for Nutrition Policy
and Promotion. The fruit and vegetable subcomponent was used as a
marker of an overall healthy diet. The total HEI score was not used,
because its calculation includes dairy intake. Smoking status was defined
as never, former, or current smoker. Alcohol intake was defined as
none within the past year, moderate, or heavy. Women were classified
as estrogenic (premenopausal or currently taking postmenopausal
estrogen) or nonestrogenic (postmenopausal and non–estrogen user) on
the basis of the following self-reported variables: current estrogen use
(yes or no) and menopausal status [menstrual periods stopped for 1 y
(yes or no)].

Supplement use was captured in the medication section of the
FFQ. Calcium supplement use was categorized as non–supplement user
(0 mg/d), moderate supplement use (supplemental calcium >0 to
<300 mg/d), or high supplement use (supplemental calcium ≥300
mg/d). Vitamin D supplement use was categorized similarly, as follows:
non-supplement user, moderate supplement use (vitamin D >0 and
≤400 IU/d), or high supplement use (vitamin D >400 IU/d). These
supplement categories were selected to identify and separate individuals
receiving calcium, vitamin D, or both from a multivitamin (a marker of
a healthy lifestyle) from those who were using calcium and vitamin D
supplements, possibly in an effort to improve their bone health.

Serum vitamin D
Fasting blood samples (12-h) were drawn by a certified phlebotomist
at the participant’s home on the morning after the home interview
or as soon thereafter as possible. Aliquots were saved and stored at
−80°C until processed. Serum 25(OH)D concentration was measured
by extraction followed by RIA with a 25I radioimmunoassay Packard
COBRA II Gamma Counter (catalog no. 68100E; DiaSorin, Inc.)
with intra-assay and interassay CVs of 10.8% and 9.4%, respectively.
Vitamin D status was defined as sufficient (≥20 ng/mL) or insufficient
(<20 ng/mL) based on the 2011 report from the Institute of Medicine
(30).

Statistical analysis
Means ± SDs for continuous variables and proportions of participants
for categorical variables were calculated for the total sample. Dairy
groups were created as a percentage contribution to overall energy
intake. Statistical differences in descriptive variables were tested
between vitamin D–sufficient and –insufficient groups by independent
t test for continuous variables and chi-square test for categorical
variables. Food contributions to bone-beneficial nutrients such as
calcium, vitamin D, and protein were calculated using the PROC
RANK procedure. General linear modeling was used to assess the
relation between each dairy food group [milk, yogurt, fluid dairy
(milk + yogurt), cheese, dessert dairy + cream, high-fat dairy, and low-
fat dairy] as a continuous variable and each BMD outcome (femoral
neck, trochanter, total femur, and lumbar spine) in the combined sample
of men and women. General linear modeling was used to compare
least-squares means of BMD across tertiles of each dairy food group
intake. For categorical analyses, P-trend was calculated across the
medians of each tertile using general linear modeling. Initial models
were adjusted for sex and estrogen status, age, height, BMI, and total
energy intake. Subsequent models were further adjusted for physical
activity score, smoking status, alcohol intake, and fruit and vegetable
HEI score. Final models were further adjusted for calcium and vitaminD
supplementation. All regression models were tested for sex interaction,
because BMD differs greatly by sex, and models with P < 0.1 were
stratified by sex.

Fully adjusted multivariate models (including calcium and vitamin
D supplement use) were then stratified by vitamin D status (sufficient
or insufficient), as planned in the original hypothesis. All analyses were
performed with the use of SAS software, SAS Institute Inc. (version 9.4).

Results

Descriptive characteristics of the study population are outlined
in Table 1, stratified by vitamin D status [sufficient compared
with insufficient serum 25(OH)D]. In the total sample, 54.2%
of the participants had insufficient serum 25(OH)D concentra-
tions; 73% were women, of whom 87% were postmenopausal;
mean age was 60.0 ± 7.6 y (range: 46, 79 y); and mean
BMI was 32.3 ± 6.6. This cohort of Puerto Rican adults had
relatively low dairy intake, with a mean total intake of ∼1.5
servings/d, excluding cream and dessert dairy products, which
is lower than the current recommendation of 3 servings of
dairy foods/d. The highest percentage of dairy food intake from
individual sources was from fluid dairy, a composite variable
of milk and yogurt (∼7.1% ± 5.7% of total energy intake).
Full-fat dairy contributed 8.7% ± 5.8% of energy intake,
whereas reduced-fat dairy contributed 4.1% ± 4.9%. Average
total (food + supplements) calcium (1005 ± 573 mg/d) and
vitamin D (6.9 ± 4.7 µg/d) intakes in this population were
below national recommendations for this age group (1200
mg/d and 15–20 µg/d, respectively). Average serum 25(OH)D
was 14.3 ± 3.6 ng/mL in vitamin D–insufficient individuals
and 26.0 ± 5.5 ng/mL in vitamin D–sufficient individuals
(P = <0.001). Participants who were vitamin D sufficient were
older; reported higher intakes of dairy, calcium, and vitamin D;
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TABLE 1 Descriptive characteristics of participants from the Boston Puerto Rican
Osteoporosis Study1

Characteristics

Vitamin D–sufficient
participants [25(OH)D
≥ 20 ng/mL] (n= 403)

Vitamin D–insufficient
participants [25(OH)D
< 20 ng/mL] (n= 477) P

Women, % 76 70 0.06
Age, y 60.8 ± 7.6 (range: 46–79) 59.1 ± 7.6 (range: 46–77) <0.001
Height, cm 158.0 ± 8.4 158.2 ± 8.5 0.68
BMI, kg/m2 31.8 ± 6.6 32.6 ± 6.5 0.09
Physical activity score 31.8 ± 4.7 31.9 ± 4.8 0.69
Total energy intake, kcal/d 2069 ± 854 2114 ± 889 0.44
Dietary protein, g/d 89 ± 38 89 ± 39 0.91
Calcium, mg/d

Dietary 915 ± 492 860 ± 481 0.10
Total 1056 ± 573 965 ± 577 0.02

Vitamin D, μg/d
Dietary 5.4 ± 3.4 4.9 ± 3.3 0.02
Total 7.8 ± 4.9 6.3 ± 4.4 <0.001

Fruit and vegetable HEI score 7.4 ± 1.8 7.3 ± 1.8 0.32
Serum 25(OH)D, ng/mL 26.0 ± 5.5 14.3 ± 3.6 <0.001
Alcohol intake, g/d 2.5 ± 7.4 4.4 ± 14.1 0.01
Smoking status (current), % 18 24 0.07
Postmenopausal (women), % 91 84 0.003
Supplement users, %

Calcium 0.005
None 45 55
Low (>0 and <300 mg/d) 37 33
High (≥300 mg/d) 18 12

Vitamin D 0.001
None 55 66
Low (>0 to <5 μg/d) 31 25
High (≥5 μg/d) 15 9

BMD, g/cm2

Femoral neck 0.936 ± 0.141 0.942 ± 0.145 0.54
Trochanter 0.820 ± 0.140 0.836 ± 0.143 0.10
Total femur 1.020 ± 0.152 1.037 ± 0.156 0.12
Lumbar spine 1.144 ± 0.182 1.170 ± 0.181 0.04

Dairy food groups,2 % of energy
Total dairy 13.5 ± 7.0 12.4 ± 7.1 0.02
Modified total 11.4 ± 6.5 10.0 ± 6.7 0.003
Fluid dairy 7.7 ± 5.6 6.5 ± 5.6 0.001
Cheese 3.6 ± 3.2 3.5 ± 3.5 0.65
Milk 6.5 ± 5.0 5.7 ± 5.1 0.02
Yogurt 1.2 ± 2.2 0.9 ± 1.9 0.006
Dessert dairy + cream 2.2 ± 2.9 2.3 ± 2.9 0.33
High-fat dairy (all) 8.9 ± 5.8 8.7 ± 5.7 0.62
Reduced-fat dairy (all) 4.5 ± 4.9 3.7 ± 4.8 0.03

1Values are means ± SDs unless otherwise indicated. P values were calculated by using Student’s t test for continuous
variables and chi-square tests for categorical variables. BMD, bone mineral density; HEI, Healthy Eating Index; 25(OH)D, 25-
hydroxyvitamin D.
2Total dairy = milk + yogurt + cheese + cream + dessert dairy; modified dairy = milk + yogurt + cheese;
fluid dairy = milk + yogurt.

reported lower use of alcohol; and had lower lumbar spine
BMD than participants who were vitamin D insufficient
(Table 1).

Major food contributors to nutrient intakes related to dairy
consumption and protection of bone health (calcium, vitamin
D, and protein) are provided in Supplemental Table 1. Foods
are ranked from 1 to 10, with 1 being the food contributing the
greatest amount of the listed nutrient to the overall diet. Eight

dairy foods are listed as top contributors to calcium, vitamin D,
or protein intake. Nondairy sources of calcium intakes include
nutrition supplements (no. 1), beans (no. 9), and bread (no. 10).
Nondairy sources of vitamin D intake include nutrition supple-
ments (no. 1), tuna salad (no. 4), cold cereal (no. 7), shell fish (no.
8), and eggs (no. 10). Nondairy contributors to protein intake
include beans (no. 1), chicken (nos. 2, 4, and 8), white rice (no.
3), deli meat (no. 6), shell fish (no. 7), and beef (nos. 9 and 10).
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Interaction by sex
No sex interactions were observed in fully adjusted multivari-
able models at any BMD site with any dairy source (P-range:
0.06–0.95). Therefore, results are presented for men andwomen
combined (Tables 2 and 3).

Association of dairy foods with BMD in the combined
sample of men and women
In final regression models, adjusted for common covariates,
higher intakes of modified dairy (milk + yogurt + cheese;
β = 0.0015, P = 0.02) and milk (β = 0.0018, P = 0.04) were
associated with higher femoral neck BMD among men and
women; with every 1% increase in total energy intake from
modified dairy, BMD was 0.15% higher at the femoral neck.
Similar associations also approached significance for total dairy
(β = 0.0012, P = 0.05) and fluid dairy (β = 0.0014, P = 0.07)
at the femoral neck, and with modified dairy (β = 0.0015,
P = 0.09) at the lumbar spine. There were no significant
associations between other dairy products and BMD (P-range:
0.10–0.99) nor significant associations with high- or low-fat
dairy intakes with any BMD site (P-range: 0.07–0.89; Table 2),
although an association approached significance between
reduced-fat dairy intake and the trochanter (β = 0.0016,
P = 0.07). There were no significant trends across tertiles of
dairy intake for any BMD site after adjustment for covariates
(P-range: 0.09–0.96), but modified dairy approached
significance with femoral neck BMD (P-trend = 0.09)
(Table 3).

Interaction by serum 25(OH)D
Fully adjusted multivariable regression models were stratified
by serum 25(OH)D status as sufficient (≥20 ng/mL) and
insufficient (<20 ng/mL) (Table 4). Among vitamin D–sufficient
participants, higher intakes of total dairy, fluid dairy, and milk
(each P = 0.03) were significantly related to higher femoral
neck BMD. Similar associations were seen for intake of fluid
dairy, total dairy, and milk with lumbar spine BMD; however,
these associations were marginally significant (P = 0.053,
0.07, and 0.09, respectively). With every 1% increase in total
energy intake from total or fluid dairy, BMD was 0.2%
higher at the femoral neck (0.3% higher with milk). Among
vitamin D–insufficient participants, dairy intakes were not
associated with BMD at any site (P-range: 0.16–0.96). When
dairy foods were grouped by high- or low-fat dairy, no
associations were observed with BMD at any site in the full
group or in vitamin D-sufficient or –insufficient participants
(P-range: 0.11–0.94).

Discussion

Overall, among Puerto Rican adults aged 46–79 y, intakes of
modified dairy (milk + yogurt + cheese) and of milk were
significantly associated with femoral neck BMD. However,
when stratified by vitamin D status [25(OH)D ≥20 compared
with <20 ng/mL], total dairy intake, fluid dairy (milk + yogurt)
intake, and milk intake were significantly related to higher
femoral neck BMD and fluid dairy with lumbar spine BMD
only among those with vitamin D sufficiency. Perceived
or actual lactose intolerance can be a primary reason for
limiting or avoiding dairy intake (31). Due to high levels of
osteoporosis in this population compared with non-Hispanic
white counterparts (15), dietary differences and other lifestyle
factors require attention to determine culturally appropriate

and biologically meaningful intervention strategies to improve
bone health, with particular attention to those who are vitamin
D insufficient.

Dairy products provide more protein, calcium, magnesium,
potassium, zinc, and phosphorus per calorie than any other food
(6). In addition, the bioavailability of calcium is greatest from
dairy products (32). Therefore, dietary guidelines suggest the
consumption of 3–4 servings of dairy/d to maintain healthy
bone (33). However, despite these recommendations, studies
evaluating the association between dairy intakes and BMD and
fracture risk in other populations of adults are conflicting (34).
A meta-analysis of 6 prospective cohort studies in >39,000
men and women found that low dairy intake [<8 oz (236 mL)
milk/d] was not associated with increased risk of fracture (35).
A more recent meta-analysis of 7 prospective cohort studies
in >195,000 women and 75,000 men found no association
between total milk intake and hip fracture risk in women.
However, in men, each additional glass of milk per day was
associated with a 9% reduction in relative risk of fracture (36).
Some large cohort studies have found protective associations
between dairy intake and risk of fracture. In the Framingham
Original Cohort, across 830 men and women over an 11.6-
y follow-up, medium or high intakes of milk (more than one
8-ounce serving/wk) were associated with a 40% lower risk
of hip fracture compared with low milk intakes (one or fewer
8-ounce servings/wk) (37).The different findings of these studies
may be due to variation in age of the participants, differences
in physical activity participation, varied intakes of calcium-
and vitamin D–rich foods, interaction with other background
dietary components, and variation in vitamin D status across
participants.

Dairy intakes, particularly milk and milk + yogurt, were
significantly related to higher BMD among Puerto Rican adults
with sufficient vitamin D status. These results are similar to
those seen in the FraminghamOsteoporosis Study, where higher
intakes of milk andmilk+ yogurt+ cheese were associated with
higher lumbar spine BMD and protective against trochanter
BMD loss among vitamin D supplement users but not among
nonusers (7). Adequate vitamin D is a prerequisite for calcium
absorption. A 2011 report from the Institute of Medicine
established that a minimum 25(OH)D concentration of
20 ng/mL is necessary to support the positive actions of vitamin
D and calcium on bone health (30). Therefore, the benefits of
dairy intake on the skeleton are likely dependent on vitamin D
status. Vitamin D can be consumed in the diet from fortified
foods or converted in the skin in response to UV exposure.
Vitamin D–sufficient individuals in the current study were
consuming amean of 1.5 µg (60 IU) vitamin D/dmore than their
insufficient counterparts. Because those with sufficient serum
vitamin D had 11.7 ng/mL higher 25(OH)D than insufficient
individuals, it is likely that they were also converting more
vitamin D in their skin, in addition to greater food intake. One
explanation may be the large variation in skin pigmentation in
this population of Puerto Rican adults. The interaction between
vitamin D sufficiency and dairy intakes on bone health should
be considered when evaluating the past and present literature
on dairy intake and bone.

The current study also shows that the main contributors
of bone-benefiting nutrients in the Puerto Rican diet are
different from those of non-Hispanic whites. Average protein
intake in the current study population was high for this age
group compared with other populations of similar ages and is
consistent with literature showing that Puerto Ricans consume
more protein than non-Hispanic whites (38). Dietary protein
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TABLE 2 Multivariable associations between dairy food groups (expressed as percentage of energy intake) and BMD (grams
per centimeter squared) at the hip and spine in men and women from the Boston Puerto Rican Osteoporosis Study1

BMD site

Femoral neck (n= 904) Trochanter (n= 904) Total femur (n= 895) Lumbar spine (n= 885)

Dairy group2 β ± SE P β ± SE P β ± SE P β ± SE P

Model 1 (initial)3

Total dairy 0.0007 ± 0.0006 0.24 0.0004 ± 0.0006 0.50 0.0004 ± 0.0006 0.51 0.0006 ± 0.0008 0.48
Modified dairy 0.0010 ± 0.0006 0.12 0.0004 ± 0.0006 0.51 0.0006 ± 0.0006 0.37 0.0010 ± 0.0008 0.22
Fluid dairy 0.0011 ± 0.0007 0.15 0.0006 ± 0.0007 0.38 0.0007 ± 0.0008 0.37 0.0012 ± 0.0010 0.22
Cheese 0.0008 ± 0.0012 0.50 −0.0002 ± 0.0012 0.89 0.0004 ± 0.0014 0.79 0.0006 ± 0.0017 0.71
Cream + dessert dairy −0.0010 ± 0.0015 0.48 0.0002 ± 0.0015 0.89 −0.0007 ± 0.0016 0.67 −0.0021 ± 0.0020 0.29
Yogurt −0.0001 ± 0.0020 0.99 0.00007 ± 0.0020 0.97 0.0004 ± 0.0022 0.86 0.0009 ± 0.0027 0.74
Milk 0.0014 ± 0.0008 0.11 0.0008 ± 0.0008 0.34 0.0009 ± 0.0009 0.35 0.0014 ± 0.0011 0.22
High-fat dairy 0.0004 ± 0.0007 0.61 −0.0004 ± 0.0007 0.59 −0.0002 ± 0.0008 0.77 −0.0001 ± 0.0010 0.92
Reduced-fat dairy 0.0008 ± 0.0008 0.35 0.0014 ± 0.0009 0.12 0.0012 ± 0.0009 0.21 0.0013 ± 0.0012 0.25

Model 2 (lifestyle)4

Total dairy 0.0009 ± 0.0006 0.12 0.0005 ± 0.0006 0.37 0.0006 ± 0.0007 0.33 0.0008 ± 0.0008 0.32
Modified dairy 0.0010 ± 0.0006 0.05 0.0006 ± 0.0006 0.36 0.0009 ± 0.0007 0.22 0.0014 ± 0.0009 0.11
Fluid dairy 0.0013 ± 0.0008 0.09 0.0007 ± 0.0008 0.35 0.0009 ± 0.0008 0.29 0.0015 ± 0.0010 0.15
Cheese 0.0012 ± 0.0013 0.33 0.0003 ± 0.0012 0.80 0.0009 ± 0.0014 0.51 0.0012 ± 0.0017 0.47
Cream + dessert dairy −0.0010 ± 0.0015 0.51 0.0001 ± 0.0015 0.95 −0.0008 ± 0.0016 0.64 −0.0024 ± 0.0020 0.23
Yogurt −0.0001 ± 0.0021 0.98 0.0004 ± 0.0020 0.84 0.0007 ± 0.0023 0.76 0.0017 ± 0.0028 0.53
Milk 0.0016 ± 0.0016 0.06 0.0008 ± 0.0008 0.34 0.0010 ± 0.0009 0.29 0.0016 ± 0.0012 0.17
High-fat dairy 0.0005 ± 0.0007 0.45 −0.0002 ± 0.0007 0.80 0.0001 ± 0.0008 0.98 0.0002 ± 0.0010 0.83
Reduced-fat dairy 0.0010 ± 0.0009 0.27 0.0014 ± 0.0009 0.12 0.0013 ± 0.0010 0.18 0.0015 ± 0.0012 0.22

Model 3 (nutrients)5

Total dairy 0.0012 ± 0.0006 0.05 0.0008 ± 0.0006 0.20 0.0010 ± 0.0007 0.16 0.0011 ± 0.0008 0.21
Modified dairy 0.0015 ± 0.0006 0.02 0.0008 ± 0.0006 0.20 0.0012 ± 0.0007 0.10 0.0015 ± 0.0009 0.09
Fluid dairy 0.0014 ± 0.0008 0.07 0.0008 ± 0.0008 0.30 0.0010 ± 0.0009 0.24 0.0016 ± 0.0010 0.14
Cheese 0.0021 ± 0.0013 0.11 0.0010 ± 0.0013 0.45 0.0019 ± 0.0014 0.20 0.0017 ± 0.0017 0.35
Cream + dessert dairy −0.0010 ± 0.0015 0.51 0.0003 ± 0.0015 0.82 −0.0006 ± 0.0017 0.71 −0.0019 ± 0.0021 0.36
Yogurt 0.0001 ± 0.0021 0.99 0.0004 ± 0.0020 0.85 0.0004 ± 0.0023 0.84 0.0018 ± 0.0028 0.52
Milk 0.0018 ± 0.0009 0.04 0.0009 ± 0.0009 0.28 0.0012 ± 0.0009 0.20 0.0017 ± 0.0012 0.16
High-fat dairy 0.0009 ± 0.0007 0.23 0.0001 ± 0.0007 0.89 0.0004 ± 0.0008 0.64 0.0005 ± 0.0010 0.61
Reduced-fat dairy 0.0011 ± 0.0009 0.19 0.0016 ± 0.0009 0.07 0.0016 ± 0.0010 0.11 0.0016 ± 0.0013 0.20

1BMD, bone mineral density; HEI, Healthy Eating Index.
2Total dairy = milk + yogurt + cheese + cream + dessert dairy; modified dairy = milk + yogurt + cheese; fluid dairy = milk + yogurt.
3Model 1: adjusted for sex and estrogen status, age, height, BMI, total energy intake.
4Model 2: adjusted as for model 1 plus physical activity score, smoking status, alcohol intake, and fruit and vegetable HEI score.
5Model 3: adjusted as for model 2 plus poverty status, calcium supplement use (3 levels), and vitamin D supplement use (3 levels).

has been shown to be beneficial to bone health, particularly
in combination with adequate calcium intakes (39). Protein
intake among US adults has been shown to come primarily
from poultry, meats, mixed meat dishes, breads, milk, cured
meats/poultry, pizza, and cheese (mostly processed) (40). This is
in comparison to the current population of Puerto Rican adults,
in whom major sources of protein intake included poultry,
beans, white rice, whole milk, processed meat, and shellfish.
The top 3 sources of calcium and vitamin D intakes in the
Puerto Rican adults were nutrient supplements, whole milk, and
2% milk. Despite milk being a major contributor to calcium,
vitamin D, and protein intakes in this population, dairy food
intakes were not associated with BMD among participants with
insufficient vitamin D status.

Diet is complex and varies between groups from different
cultural and ethnic backgrounds. Dietary intakes of Hispanics
vary by country of origin and are influenced by cultural beliefs
and traditions, acculturation, food availability, socioeconomic
status, and education (41, 42). The traditional dietary pattern
of Puerto Rican adults is high in oil (mainly corn), rice,

and beans and is associated with a higher likelihood of
metabolic syndrome (43). Diets high in starchy roots and
fried-meat products and low in fruit and leafy vegetables may
contribute to the lower intake of calcium, vitamins, and other
substances essential for bone health (42, 44). In addition,
low fruit and vegetable (45, 46) and high saturated fat or
polyunsaturated fat intakes (47) are potentially harmful to bone
health. Furthermore, Puerto Ricans are less likely to engage
in physical activity than non-Hispanic whites (48); >50% of
Puerto Rican adults report no leisure-time physical activity
(49). Puerto Ricans also have disproportionately high rates of
chronic disease and inflammation (21), which are additional
factors detrimental to bone health. The lack of association
between dairy intakes and bone health in Puerto Rican vitamin
D–insufficient adults may be due to other health and lifestyle
factors that contribute to poor bone health.

Although associations were observed between current dairy
intakes and bone health only among vitamin D–sufficient
Puerto Ricans adults, there may be potential for improving
bone health with culturally appropriate dairy interventions. A
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TABLE 3 BMD (grams per centimeter squared) at the hip and spine across tertiles of dairy food intakes in the
total sample of men and women from the Boston Puerto Rican Osteoporosis Study1

Dairy food group2 Tertile 1 Tertile 2 Tertile 3 P-trend

Femoral neck
n 293 295 296
Total dairy 0.933 ± 0.01 0.953 ± 0.01 0.952 ± 0.01 0.10
Modified dairy 0.933 ± 0.01 0.954 ± 0.01 0.952 ± 0.01 0.09
Fluid dairy 0.943 ± 0.01 0.954 ± 0.01 0.956 ± 0.01 0.11
Cream + dessert dairy 0.947 ± 0.01 0.943 ± 0.01 0.946 ± 0.01 0.94
Cheese 0.950 ± 0.01 0.948 ± 0.01 0.938 ± 0.01 0.30
High-fat dairy 0.938 ± 0.01 0.946 ± 0.11 0.955 ± 0.01 0.13
Low-fat dairy 0.935 ± 0.01 0.952 ± 0.01 0.949 ± 0.01 0.23

Trochanter
n 293 295 296
Total dairy 0.837 ± 0.01 0.848 ± 0.01 0.850 ± 0.01 0.24
Modified dairy 0.837 ± 0.01 0.847 ± 0.01 0.851 ± 0.01 0.23
Fluid dairy 0.843 ± 0.01 0.848 ± 0.01 0.848 ± 0.01 0.41
Cream + dessert dairy 0.845 ± 0.01 0.841 ± 0.01 0.847 ± 0.01 0.90
Cheese 0.845 ± 0.01 0.852 ± 0.01 0.836 ± 0.01 0.42
High-fat dairy 0.844 ± 0.01 0.839 ± 0.01 0.850 ± 0.01 0.58
Low-fat dairy 0.839 ± 0.01 0.845 ± 0.01 0.850 ± 0.01 0.34

Total femur
n 290 292 293
Total dairy 1.030 ± 0.01 1.043 ± 0.01 1.047 ± 0.01 0.16
Modified dairy 1.030 ± 0.01 1.045 ± 0.01 1.045 ± 0.01 0.24
Fluid dairy 1.038 ± 0.01 1.046 ± 0.01 1.046 ± 0.01 0.30
Cream + dessert dairy 1.043 ± 0.01 1.037 ± 0.01 1.039 ± 0.01 0.78
Cheese 1.042 ± 0.01 1.044 ± 0.01 1.032 ± 0.01 0.46
High-fat dairy 1.039 ± 0.01 1.033 ± 0.01 1.048 ± 0.01 0.48
Low-fat dairy 1.033 ± 0.01 1.042 ± 0.01 1.044 ± 0.01 0.38

Lumbar spine
n 285 291 289
Total dairy 1.157 ± 0.01 1.167 ± 0.02 1.179 ± 0.02 0.16
Modified dairy 1.157 ± 0.01 1.168 ± 0.02 1.179 ± 0.02 0.15
Fluid dairy 1.163 ± 0.01 1.160 ± 0.02 1.183 ± 0.02 0.13
Cream + dessert dairy 1.169 ± 0.02 1.168 ± 0.02 1.165 ± 0.02 0.96
Cheese 1.172 ± 0.02 1.174 ± 0.02 1.155 ± 0.02 0.27
High-fat dairy 1.164 ± 0.01 1.160 ± 0.02 1.178 ± 0.02 0.37
Low-fat dairy 1.169 ± 0.02 1.171 ± 0.02 1.1681 ± 0.02 0.82

1Values are adjusted least-squares means ± SEs unless otherwise indicated. Models adjusted for sex and estrogen status, age, height, BMI, total
energy intake, physical activity score, current smoking status (never, former, or current), alcohol intake (none, moderate, or heavy), fruit and vegetable
HEI score, calcium supplement use (none, moderate use, or high use), vitamin D supplement use (none, moderate use, or high use), and poverty
status (poverty line or below, above the poverty line). BMD, bone mineral density; HEI, Healthy Eating Index.
2Total dairy = milk + yogurt + cheese + cream + dessert dairy; modified dairy = milk + yogurt + cheese; fluid dairy = milk + yogurt.

number of clinical trials have shown fortified milk (50–54),
skimmed soft cheese (55, 56), and fortified yogurt (57) to reduce
bone turnover in older adults; however, to our knowledge,
there are no clinical trials in Hispanic adults. A study in 101
women with a mean age of 60 y showed that supplementation
with fortified milk and yogurt 3 times/d increased BMD over
12 mo (58). In addition, a study in 130 younger (mean age:
45 y) men and women showed attenuated bone loss over a
12-mo weight-loss trial with 3 servings of dairy/d compared
with adults consuming a conventional high-carbohydrate diet
(9). Future intervention studies in Puerto Rican adults should
consider culturally acceptable dairy food sources in addition to
improvements in lifestyle behaviors known to affect bone, such
as increasing physical activity and increasing intakes of fruit and
vegetables and fiber while reducing intakes of refined grains and
saturated and omega-6 fats.

The current study has many strengths. To date, this
is the largest cohort study in older Puerto Rican adults
living on the US mainland. In addition, bone health was
measured using the gold standard of measurement by DXA
and all questionnaires were previously validated in this cohort
and culturally appropriate. There are, however, limitations
to the current study, including inherent limitations to self-
reported dietary data (59). To overcome these obstacles, the
current study used a validated, culturally tailored FFQ to
appropriately estimate usual dietary intakes. In addition, all
statistical models and nutrients were adjusted for total energy to
reduce measurement bias. The cross-sectional study design is a
limitation, and in any observational study, residual confounding
may occur, despite control for several potential confounders.
The effect sizes of the associations between dairy intakes and
bone are small and should be interpreted with caution. In
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TABLE 4 Association between dairy food groups (expressed as percentage of energy intake) and BMD
(grams per centimeter squared) at the hip and spine, stratified by 25(OH)D (nanograms per milliliter)
concentrations in men and women from the Boston Puerto Rican Osteoporosis Study1

Vitamin D–sufficient participants
[25(OH)D ≥ 20 ng/mL] (n= 392)

Vitamin D–insufficient participants
[25(OH)D < 20 ng/mL] (n= 465)

Dairy food group2 β ± SE P β ± SE P

Femoral neck BMD
Total dairy 0.002 ± 0.001 0.03 0.001 ± 0.001 0.32
Fluid dairy 0.002 ± 0.001 0.03 0.001 ± 0.001 0.44
Cheese 0.001 ± 0.002 0.26 0.002 ± 0.002 0.22
Cream + dessert dairy 0.001 ± 0.002 0.99 −0.001 ± 0.002 0.53
Yogurt 0.002 ± 0.003 0.57 −0.001 ± 0.003 0.96
Milk 0.003 ± 0.001 0.03 0.001 ± 0.001 0.38
High-fat dairy 0.002 ± 0.001 0.17 0.001 ± 0.001 0.67
Reduced-fat dairy 0.002 ± 0.001 0.15 0.001 ± 0.001 0.33

Trochanter BMD
Total dairy 0.002 ± 0.001 0.09 0.001 ± 0.001 0.41
Fluid dairy 0.002 ± 0.001 0.24 0.001 ± 0.001 0.45
Cheese 0.002 ± 0.002 0.30 0.001 ± 0.002 0.74
Cream + dessert dairy 0.002 ± 0.002 0.50 0.001 ± 0.002 0.90
Yogurt 0.002 ± 0.003 0.64 0.001 ± 0.003 0.89
Milk 0.002 ± 0.001 0.27 0.001 ± 0.001 0.44
High-fat dairy 0.001 ± 0.001 0.48 −0.001 ± 0.001 0.94
Reduced-fat dairy 0.002 ± 0.001 0.11 0.002 ± 0.001 0.19

Total femur BMD
Total dairy 0.002 ± 0.001 0.11 0.001 ± 0.001 0.30
Fluid dairy 0.002 ± 0.001 0.21 0.001 ± 0.001 0.37
Cheese 0.002 ± 0.002 0.31 0.001 ± 0.002 0.35
Cream + dessert dairy 0.001 ± 0.002 0.73 −0.001 ± 0.002 0.67
Yogurt 0.002 ± 0.003 0.76 0.002 ± 0.003 0.63
Milk 0.002 ± 0.001 0.20 0.001 ± 0.001 0.42
High-fat dairy 0.001 ± 0.001 0.39 −0.001 ± 0.001 0.79
Reduced-fat dairy 0.002 ± 0.001 0.21 0.002 ± 0.001 0.16

Lumbar spine BMD
Total dairy 0.002 ± 0.001 0.07 0.001 ± 0.001 0.40
Fluid dairy 0.003 ± 0.001 0.05 0.001 ± 0.001 0.33
Cheese 0.002 ± 0.003 0.55 0.001 ± 0.002 0.41
Cream + dessert dairy 0.001 ± 0.003 0.99 −0.003 ± 0.003 0.37
Yogurt 0.005 ± 0.004 0.23 0.002 ± 0.004 0.67
Milk 0.003 ± 0.002 0.09 0.001 ± 0.002 0.36
High-fat dairy 0.002 ± 0.002 0.24 −0.001 ± 0.001 0.91
Reduced-fat dairy 0.002 ± 0.002 0.26 0.003 ± 0.002 0.17

1Models adjusted for sex and estrogen status, age, height, BMI, total energy intake, physical activity score, current smoking status (never, former,
or current), alcohol intake (none, moderate, or heavy), fruit and vegetable HEI score, calcium supplement use (none, moderate use, or high use),
vitamin D supplement use (none, moderate use, or high use), poverty status (poverty line or below, above the poverty line). BMD, bone mineral
density; HEI, Healthy Eating Index; 25(OH)D, 25-hydroxyvitamin D.
2Total dairy = milk + yogurt + cheese + cream + dessert dairy; modified dairy = milk + yogurt + cheese; fluid dairy = milk + yogurt.

addition, statistical tests were performed between bone sites and
dairy food groups without multiple comparison adjustment;
therefore, some findings may be due to chance. Last, diet was
measured after BMD assessment. It is possible that the lack of
associations for some dairy foods was due to limited variation
in intake.

In conclusion, higher total dairy, milk, and milk + yogurt
intakes among Puerto Rican adults residing in the United States
who are sufficient in vitamin D were associated with higher
BMD at the femoral neck and lumbar spine. No associations
were observed in Puerto Rican adults who were insufficient in
vitamin D. Calcium and vitamin D intakes in this population
were lower than in the Dietary Guidelines, whereas protein
intakes were higher than in other adult populations. This

unique dietary pattern may detrimentally affect bone health,
because dietary protein intakes appear to be protective only
under conditions of adequate calcium intake (39). Puerto Rican
adults have high levels of osteoporosis and are in need of
interventions to improve bone health. Future studies should
be conducted to verify these findings longitudinally and assess
culturally acceptable lifestyle intervention strategies to improve
bone health in Hispanic adults.
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