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Abstract
Soy milk has become a popular substitute for dairy milk with important health claims. We
hypothesized that soy milk, based on its nutrient composition, was comparable to dairy products
and, therefore, beneficial for bone health. To test this hypothesis, we examined the benefit of soy
milk and dairy products intake on bone health using broadband ultrasound attenuation (BUA) of
the calcaneus. Post-menopausal Caucasian women (n=337) who had completed a lifestyle and
dietary questionnaire at enrollment into the AHS-2 had their calcaneal BUA measured two years
later. The association between osteoporosis (defined as a T-score <−1.8) and some dietary factors
(soy milk, dairy) and selected lifestyle factors was assessed using logistic regression. In a
multivariable model adjusted for demographics, hormone use and other dietary factors,
osteoporosis was positively associated with age (OR= 1.08, 95%CI: 1.06–1.12) and inversely
associated with BMI (OR=0.91, 95% CI: 0.86–0.97) and current estrogen usage (OR=0.27, 95%
CI: 0.13–0.56). Compared to women who did not drink soy milk, women drinking soy milk once a
day or more had 56% lower odds of osteoporosis (OR= 0.44, 95%CI: 0.20–0.98 (ptrend=0.04).
Women whose dairy intake was once a day or more had a 62% reduction in the likelihood of
having osteoporosis (OR=0.38, 95%CI: 0.17–0.86)(ptrend=0.02) compared to women whose dairy
intake was less than twice a week. Among individual dairy products, only cheese showed an
independent and significant protection (OR=0.28, 95%CI: 0.12–0.66)(ptrend=0.004) for women
eating cheese more than once per week vs. those who ate cheese less than once a week. We
concluded that osteoporosis is inversely associated with soy milk intake to a similar degree as
dairy intake after accounting for age, BMI, and estrogen usage.
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1. Introduction
Low bone mass or osteoporosis is one of the most common medical conditions in the United
States, especially among postmenopausal women. An estimated 8 million women in the
United States have osteoporosis, which increases their risk of having fractures and
subsequently decreases their quality of life [1]. In recent years, broadband ultrasound
attenuation (BUA) has been widely used to assess bone health. It is a cost-effective and
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convenient screening method and has been found to have high correlation with bone mineral
density (BMD) measured by dual energy x-ray absorptiometry (DXA) [2–5] and is also able
to predict the risk of bone fracture to a similar degree as DXA [6–13].

Dairy consumption has been promoted by some as essential for maintaining good bone
health. In spite of this, the consumption of dairy products has decreased over the last
decades [14]. Instead, alternatives to dairy, especially soy based products, have become
prevalent and are widely consumed as an alternative drink among those who avoid using
milk products. Soy milk contains a non-steroidal phytoestrogen which has demonstrated a
protective effect against age-related bone loss and other chronic diseases in some studies
[15]. Soy phytoestrogen has also been marketed as an alternate form of hormonal
replacement therapy to prevent postmenopausal syndrome or osteoporosis in the
postmenopausal years [15]. Soy milk is also commonly fortified with nutrients such as
calcium and vitamin D. A cup of calcium-fortified non-sweetened soy milk contains about 6
gm of protein, 6 gm of carbohydrate and 450 mg of calcium. However, very little is known
about the effect on bone health of this shift from dairy to soy-based foods.

Among most human studies, the association between soy phytoestrogen and bone health
have been examined using BMD, bone mineral content (BMC) or markers of bone turnover
as endpoints. A majority of these studies have found a protective effect of phytoestrogen on
bone loss [15]. In a meta-analysis reviewing 9 randomized controlled trials ranging from 3
to 12 months follow-up period, there was a significant decrease in bone resorption marker
(urinary deoxypyridinoline) and a significant increase in bone formation marker (serum
bone specific alkaline phosphatase) among subjects who consumed soy isoflavone compared
to those who did not [16]. Similarly, the other meta-analysis study based on 10 studies with
a follow-up period of at least one year revealed that an intake of isoflavones of > 80 mg/day
showed a weak beneficial effect on BMD at the lumbar spine [17].

Based on several factors in soy milk, we hypothesized that it has comparable benefits to
dairy products for bone health. Therefore, we tested this hypothesis by examining the
benefits of consuming soy milk and dairy products on bone health using broadband
ultrasound attenuation (BUA) of the calcaneus. Since BUA is considered a valid tool in
assessing bone health [2–13], we examined the association between intake of both soy milk
and dairy products on the risk of osteoporosis using calcaneal BUA measurement among
Caucasian postmenopausal women. Several lifestyle factors (age, education, smoking, body
mass index (BMI), estrogen use, etc) and other foods were adjusted for in the final
multivariable model.

2. Methods and materials
2.1 Study population

Subjects were enrollees in the Adventist Health Study-2 (AHS-2), a large National Cancer
Institute (NCI) funded cohort study investigating the relationship between lifestyle factors
and several disease outcomes. The study has been described in detail elsewhere [18] and
consists of Adventists throughout the United States and Canada who completed a
comprehensive lifestyle and dietary questionnaire between 2002 and 2006. Among the
AHS-2 population, 559 Caucasian women who were part of a calibration study [19] or a
pilot church clinic study [20] attended clinics in local Adventist churches where their
calcaneal broadband ultrasound attenuation was measured.

Among the two clinic populations, 421 Caucasian women were post-menopausal. A total of
84 subjects who reported doctor-diagnosed osteoporosis at baseline were excluded, leaving
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337 eligible subjects for this study. This study was approved by the Loma Linda University
Institutional Review Board (IRB).

2.2 Food Frequency Questionnaire (FFQ)
Dietary information was collected as part of enrollment into the parent AHS-2 study using a
comprehensive self-administered and validated FFQ [21] reporting on the subject’s dietary
intake during the last twelve months. Subjects were asked to report how frequently they
consumed a food: “never,” “1–3 times per month,” “1 time per week,” “2–4 times per
week,” “5–6 times per week,” “1 per day,” and “2 or more times per day.” Frequency per
month was calculated for each food (soy milk, etc) or food group. A “dairy consumption
index” was developed combining the monthly intake of milk, yogurt, cheese, and other dairy
products. Meat consumption was assessed using the combined monthly intake of beef,
poultry, lamb, pork and fish. Women who reported eating meat less than once per month
were classified as vegetarians. Monthly consumption was further categorized into “times per
month” or “times per day” for statistical analysis. In addition, the FFQ contained questions
on the use of calcium and vitamin D supplements.

2.3 Lifestyle questionnaire
At enrollment, in addition to the FFQ, participants completed a comprehensive questionnaire
on exercise, use of hormones, medical history, smoking, anthropometrics, education,
personal and household incomes as well as other demographic variables. The question on
osteoporosis asked “Have you ever been told by a doctor that you had any of these
conditions?” One of the response categories was “Osteoporosis (thinning of the bones)”.
Those who answered yes (n=84) to this question were excluded from our study population.

2.4 Bone Ultrasound Measurement
About two years after enrollment into the parent study, subjects were invited to attend a
clinic either as part of the calibration study or as part of the church clinic pilot study. During
the clinics, broadband ultrasound attenuation (BUA) was assessed at the site of the
calcaneus of the dominant foot using a contact ultrasound bone analyzer (CUBA) system
[22]. After entering the age and gender of the subject, the CUBA system produced a T-score
which is the basis for the outcome measure in this study.

2.5 Statistical Analyses
According to the World Health Organization (WHO), a T-score of less than −1.8 of any
peripheral ultrasound measurement is an indication of osteoporosis [9]. We used this cut-off
to categorize subjects as osteporotic. Chi-Square and independent t-tests were used to
determine the association between osteoporosis (T-score less than −1.8) and selected
predictor variables (Table 1). Analysis of covariance was used to determine the difference in
BUA measurement by the categories of each of the predictor variables adjusting for age,
BMI and education (Table 2). Unconditional logistic regression was used to determine the
association between soy milk intake, dairy food intake, other food intakes, selected lifestyle
factors and osteoporosis (T-score < −1.8). Odds ratios and 95%CI were calculated from
unconditional logistic regression models, with osteoporosis as the dependent variable and
the following as independent variables: age at enrollment (continuous), BMI (continuous),
education (less than bachelor’s degree, bachelor’s degree, graduate degree), estrogen usage
(current user vs. past user and non-user), smoking (ever smoker vs. never smoker), calcium
supplement intake (never, used for less than 5 years, used for 5 years or longer), vitamin D
supplement intake (never, used for less than 5 years, used for 5 years or longer), soy milk
intake, dairy intake, vegetarian status (eating meat/fish less than once per month vs. meat/
fish 1+ times/month) and other foods (fruits, salads, vegetables, legumes, nuts, meat
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analogs, grains, cereals, soy foods). Any independent variable (as presented in the
“Candidate Variable Model” section of Table 3) which changed the estimated odds ratio of
the primary exposure variables (i.e. soy milk, dairy) by at least 10% remained in the final
multiple logistic regression model. We further stratified the analysis by vegetarian status to
examine the association of dairy and soy milk intakes on low T-score in both omnivores and
vegetarians. All statistical analyses were performed using SAS 9.1 (SAS Institute, Cary,
NC).

3. Results
3.1 Descriptive analysis

Based on the BUA measurement, a total of 100 (29.7%) of the women were osteoporotic
using the definition of a T-score <−1.8. The 30% prevalence rate is identical to the rate
reported by Melton, et al. among postmenopausal Caucasian women using a −2.5 T-score of
BMD measurement at hip, spine and forearm [23].

Compared to the non-cases, our cases were older (73.8 vs. 65.6 yrs), had lower BMI (25 vs.
27.1), were less likely to currently be using estrogen replacement therapy (12% vs. 32.5%)
and were more likely to report their health status as Fair/Poor (19.2 vs. 8.7%) (Table 1).
There was a significance difference (p < .05) between cases and non-cases due to age, BMI,
estrogen usage, dairy consumption, self-reported health status and history of minor accident
fractures. No significant difference was observed in educational level, smoking status, soy
milk intake, physical activity levels, vegetarian status, soy food intake or use of calcium and
vitamin D supplements (Table 1).

3.2 Analysis of Covariance
Comparing the mean bone attenuated ultrasound levels with demographic and dietary factors
(Table 2), there was a significant reduction in BUA with increasing age, decreasing BMI
and not using estrogen replacement therapy. Also those who reported the lowest frequency
of intake of dairy products had the lowest BUA levels (p trend <0.0001). There were no
significant differences in BUA measurement related to education level, smoking status,
physical activity level, use of calcium supplement, use of vitamin D supplement, vegetarian
status, soy milk consumption, self-reported health status, soy foods intake and history of
minor accident fractures.

3.3 Logistic Regression Analyses
Three models were used for logistic regression (Table 3): a demographic model with only
demographic variables: age, BMI and education. Candidate Variable Model: a model with
one other candidate variable controlling for demographic variables (age, BMI, education). A
final model was used where all candidate variables that changed the main exposure effect
(dairy or soy milk) more than 10% were included in the demographic model at the same
time. In the demographic model, the odds of osteoporosis was increased by 8% for each year
increase in age and reduced by 7% for each unit increase in BMI. There was an inverse, but
not statistically significant, association with educational level with lowest odds of
osteoporosis among those with graduate degrees.

In the candidate variable model, osteoporosis showed an inverse relationship with dairy
consumption (OR=0.48 for the highest category of once a day or more vs. lowest category of
less than twice a week). There was also a negative association with soy milk intake, calcium
supplement intake and being a vegetarian, but these relationships did not reach statistical
significance in this model. Osteoporosis was negatively associated with estrogen use
(OR=0.25 for current users versus past/never users) and positively associated with self-
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reported health status (OR=2.4 for Fair/Poor vs. Excellent/Good). Compared to never
smokers, those who had ever smoked cigarettes were more likely to have osteoporosis
(OR=1.53). The final multivariate model included the soy milk, dairy index and vegetarian
status in addition to age, BMI, education and estrogen use. The relationship between
osteoporosis and dairy and soy milk intake were both strengthened. Those drinking soy milk
at least once a day or more (highest category) were 57% less likely to have osteoporosis than
those who never used soy milk (OR=0.43 (95% CI: 0.21–0.89)). Likewise, those eating
dairy products at least once a day or more were 62% less likely to have osteoporosis than
those consuming dairy less than twice a week (OR=0.38 (95% CI: 0.17–0.86))(p trend=0.02).
Being a vegetarian continued to be associated with lower likelihood of osteoporosis
(OR=0.65), but this relationship was not statistically significant.

We further stratified the analysis by vegetarian status and found a non-significant protective
association of dairy and soy milk in both omnivores and vegetarians (data not shown).
However, these associations were only showed a significant protective trend (p trend = 0.02)
among vegetarians who comprised two-thirds of the population while the sample size was
too small among the omnivores.

Lastly, when the dairy product category was substituted with the individual dairy foods
(cheese, milk, ice cream and yogurt) (Table 4), only cheese showed an independent and
significant protection with those eating it more than once a week having 72% lower odds of
osteoporosis compared to those who reported consuming cheese less than once a week. Both
milk and yogurt/ice cream also showed an inverse association with risk of osteoporosis, but
these did not reach statistical significance.

4. Discussion
We found that women who consumed about 1.3 cups of soy milk daily reduced the odds of
having a low T-score by 57% compared to non-users even after adjusting for other important
covariates including dairy consumption. This is almost identical to the 62% reduction in the
odds of a low T-score among those consuming at least one serving of dairy compared to
those who used these products less than twice a week. Our findings agree with several
animal and human studies showing that calcium fortified soy milk are beneficial to bone loss
prevention to a similar degree as cows’ milk [24–28].

The similarity in physiologic characteristics between ovariectomized rats and
postmenopausal women has brought supportive evidence from animal studies indicating the
protective effect of soy milk on bone loss [24]. Compared to the control ovariectomized rats,
soy fed ovariectomized rats have been found to have higher levels of trabecular bone
volume, insulin-like growth factorI (IGF-I), serum estradiol levels, and serum osteocalcin
[25–26]. In addition, there were lower levels of serum parathyroid hormone, trabecular area
of resorption surface and bone resorption marker urinary deoxypyridinoline (DPD) among
the soy milk fed rats compared to the control ovariectomized rats [25–26].

Few studies have directly compared soy milk to cow’s milk. However, the effect of soy
protein versus milk-based protein on bone health has been studied [24–28]. The bone
formation biomarker - serum insulin like growth factor I (IGF-I), bone resorption biomarker
- serum urinary deoxypiridinoline (DPD) and urinary calcium excretion were compared
among postmenopausal women who were fed with either soy protein or milk-based protein.
Soy protein was found to have more impact in increasing serum IGF-I, especially among
women who were not on hormonal replacement therapy, compared to the milk-based protein
group. The bone resorption marker DPD was significantly reduced among the soy protein
group, but not so among the milk-based protein group. While there was a 33% increase in
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urinary calcium excretion among the milk-based protein group, this effect was not observed
among the soy protein group [27]. In another study, the bone sparing effects of soy milk was
observed in a 2-year randomized, placebo-controlled trial comparing the changes in BMD
and BMC among postmenopausal women who were either fed soy milk containing
isoflavones or applying transdermal progesterone or having both treatments. In both the soy
milk group and the transdermal progesterone application group, there was no significant loss
in BMD or BMC from baseline measurements as compared to the control group without any
treatment [28].

Supporting these studies is evidence from the Shanghai Women’s Health Study which found
a significant negative association between fracture incidence and quintiles of soy protein
intake among a large prospective cohort study of 24,403 postmenopausal women [29]. The
mechanisms behind a possible protective effect of soy is unclear. There is some suggestive
evidence indicating that a higher consumption of soy is related to the capacity for equol
production, a metabolite of soy isoflavone, that may have a favorable effect on bone loss
[30–31]. Thus, women in our study, having on average higher soy consumption due to their
often lifetime lacto-ovo-vegetarian diet, may have acquired the capacity to produce more
equol. However, this needs further assessment.

The protective effect of soy milk observed in our study could also be enhanced due to our
endpoint - calcaneal BUA. Calcaneal bone consists mainly of trabecular bone which has
been found to be the first region to respond to any mechanical stimulus [32]. In one animal
study, high doses of isoflavones improved microstructural properties of trabecular bone
independent of BMD among ovariectomized rats compared to the control group [33].
Among postmenopausal women, the effect of physical activity has been found to be related
to calcaneal BUA independently of BMD [34–35]. Heel bone is superior to femur or spine
in reflecting the effect of physical activity [36]. It is possible that the BUA can better reflect
the trabecular changes of the calcaneal bone due to dietary stimulus as well.

In our study, dairy products showed a similar protective effect on bone as did soy milk.
However, of all the dairy products, only cheese showed a significant protective effect on low
T-scores when evaluated separately. These findings are similar to earlier findings of a
protective effect of cheese observed among peri- and postmenopausal women in our
previous cohort of Adventists where intake of cheese 3 or more times per week reduced the
risk of wrist fracture by 58% [37]. This could be due to the higher calcium and protein
content per serving of cheese compared to milk [38].

The effects of age, BMI, hormonal replacement therapy, smoking and previous minor
fractures are similar to that observed by others [39 – 48]. No significant associations
between low T-score and use of calcium and vitamin D supplements were observed. The
lack of association with calcium or vitamin D could be due to the several factors. The effect
of calcium can only be observed when the total calcium intake is below the threshold point
[49]. Also, serum 25 (OH)D is a better marker for vitamin D exposure [49]. Our findings of
a protective effect of a vegetarian diet on low T-scores warrants further studies.

The strengths of our investigation are its prospective design with a follow-up period of at
least 2 years and the employment of our validated food frequency questionnaire [19, 21].
The food frequency questionnaire has shown a high correlation with dietary intake,
including soy protein intake, estimated from 24-hour dietary recall and isoflavonoid urinary
excretion [19]. The follow-up period of at least 2 years is ideal to test the effect of any
clinical intervention on bone since the normal bone remodeling cycle takes approximately 6
to 12 months [50]. A limitation is that despite a high correlation between ultrasound
measurement, bone mineral density and fracture risk, we cannot apply our results to overall

Matthews et al. Page 6

Nutr Res. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



bone health as changes observed in bone density after feeding trials do not occur uniformly
at all sites but vary even in the same individual [50]. Furthermore, subjects could have
changed their dietary pattern during the 2-year period between the baseline questionnaire
and the BUA measurement. However, we have found that subjects in this population rarely
change their overall dietary pattern over time [51].

In conclusion, both soy milk and dairy intake are beneficial to bone health showing an
independent protective association with a low T-score when evaluated together. While the
protective effect of dairy products ranges from 14% – 83%, the protective effect of soy milk
is similar from 11%–79%. Our findings on soy milk support the belief that soy isoflavones
tend to reduce bone loss among subjects with low baseline bone density or those with low
serum estrogen levels such as among postmenopausal women [52]. Based on our findings,
postmenopausal women could benefit from drinking soy milk and/or having a regular intake
of dairy products.
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Abbreviations

BUA broadband ultrasound attenuation

AHS-2 Adventist Health Study –2

BMI body mass index

BMD bone mineral density

BMC bone mineral content

DXA dual energy x-ray absorptiometry

NCI National Cancer Institute

FFQ Food Frequency Questionnaire

CUBA Contact ultrasound bone analyzer

WHO World Health Organization

OR Odds ratios

IGF-I Insulin-like growth factor-I

DPD deoxypyridinoline

Mg milligram
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Table 1

Food intakes and other lifestyle characteristics among osteoporotic cases (T-score <−1.8) and non-cases
among 337 Caucasian Postmenopausal Women.

Non-Cases T-score >= −1.8 (n=237) Cases T-Score < - 1.8 (n=100)
Chi-Square Test (P

Value)

Age (years), mean (SD) <.0001

 ≤ 54 years 15.6% (n=37) 3.0% (n=3)

 55–64 years 35.9% (n=85) 22.0% (n=22)

 65–74 years 32.1% (n=76) 25.0% (n=25)

 ≥ 75 years 16.5% (n=39) 50.0% (n=50)

BMI (kg m−2), mean (SD) <.004

 ≤ 20 4.6% (n=11) 16.0% (n=16)

 21–24 30.8% (n=73) 31.0% (n=31)

 25–29 35.0% (n=83) 31.0% (n=31)

 ≥ 30 29.5% (n=70) 22.0% (n=22)

Education Level: 0.41

 No Bachelor’s degree 62.5% (n=148) 67.0% (n=67)

 Bachelor’s degree 18.6% (n=44) 20.0% (n=20)

 Graduate degree 19.0% (n=45) 13.0% (n=13)

Estrogen Usage: <.0001

 Past/never Users 67.5% (n=160) 88.0% (n=88)

 Current Users 32.5% (n=77) 12.0% (n=12)

Smoking Status: 0.99

 Never smokers 92.0% (n=218) 92.0% (n=92)

 Ever smokers 8.0% (n=19) 8.0% (n=8)

Soy milk intake: 0.36

 Never (0/month) 46.8% (n=111) 43.0% (n=43)

 Once a month or more (1–29 per month) 24.5% (n=58) 32.0% (n=32)

 Once a day or more (30+ per month) 28.7% (n=68) 25.0% (n=25)

Dairy Consumption: 0.0005

 Less than twice a week (0–7/month) 34.2 % (n=81) 56.0% (n=56)

 Twice a week or more (8–29/month) 30.0% (n=71) 25.0% (n=25)

 Once a day or more (30+/month) 35.8% (n=85) 19.0% (n=19)

Cheese Consumption: <0.0001

 Less than once a week (1–3/month) 48.1 % (n=114) 75.0% (n=75)

 Once a week (4/month) 16.9% (n=40) 15.0% (n=15)

 More than one times per week (5+/month) 35.0% (n=83) 10.0% (n=10)

Milk Consumption: 0.19

 Less than once a week (1–3/month) 57.8 % (n=137) 68.0% (n=68)

 Less than one times per day (4–29/month) 25.7% (n=61) 21.0% (n=21)

 Once a day or more (30+/month) 16.5% (n=39) 11.0% (n=11)

Yogurt/Ice Cream Consumption: 0.5

 None (0/month) 52.7 % (n=125) 57.0% (n=57)
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Non-Cases T-score >= −1.8 (n=237) Cases T-Score < - 1.8 (n=100)
Chi-Square Test (P

Value)

 Once a week or less (1–4/month) 35.0% (n=83) 35.0% (n=35)

 More than once a week (5+/month) 12.2% (n=29) 8.0% (n=8)

Self-reported health Status 1: .007

 Excellent/Good 91.3% (n=210) 80.8% (n=80)

 Fair/Poor 8.7% (n=20) 19.2% (n=19)

History of minor Accident Fractures: .02

 No 82.3% (n=195) 71.0% (n=71)

 Yes 17.7% (n=42) 29.0% (n=29)

Physical Activity Level 1: 0.81

 Level 1 (None) 21.5% (n=50) 20.4% (n=20)

 Level 2 (1–104 min/wk of Walk/Run/ 21.9% (n=51) 22.5% (n=22)

 Level 3 (105–174 min/wk of Walk/Run/ 32.6% (n=76) 28.6% (n=28)

 Level 4 (≥ 175 min/wk of Walk/Run/ 24.0% (n=56) 28.6% (n=28)

Vegetarian Status: 0.36

 Vegetarians (< 1x/month) 60.8% (n=144) 66.0% (n=66)

 Meat Consumers (≥ 1/month) 39.2% (n=93) 34.0% (n=34)

Soyfood (Tofu, Soy cheese) intake: 0.178

 Never (0/month, mean =0) 29.9% (n=70) 20.2% (n=20)

 Less than twice a week (1–7 per month) 36.7% (n=86) 39.4% (n=39)

 Twice a week or more (8+ per month) 33.3% (n=78) 40.4% (n=40)

Calcium Supplement:

 Never Users 39.2% (n=93) 41.0% (n=41) 0.65

 Use for less than 5 years 27.9% (n=66) 31.0% (n=31)

 Use for 5 years or more 32.9% (n=78) 28.0% (n=28)

Vitamin D Supplement: 0.18

 Never Users 84.4% (n=200) 79.0% (n=79)

 Use for less than 5 years 7.6% (n=18) 14.0% (n=14)

 Use for 5 years or more 8.0% (n=19) 7.0% (n=7)

SD – Standard deviation; BMI – body mass index.

1
Less than 337 subjects due to missing values
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Table 2

Least Square Mean (LS Mean) BUA Measurement Among 337 Caucasian Postmenopausal Women by
Demographic, dietary and other Lifestyle Factors

BUA1 (dB/Mhz) R Square of the Model (%) P2

Age (years), LS mean (SE),3 23.2% <.0001

 ≤ 54 years 80.4 (2.8)

 55–64 years 74.6 (1.6)

 65–74 years 70.7 (1.6)

 ≥ 75 years 58.3 (1.6)

BMI (kg/m2) 3 26.9% <.0001

 ≤ 20 56.2 (3.0)

 21–24 67.9 (1.5)

 25–29 70.1 (1.5)

 ≥ 30 72.9 (1.7)

Education Level 3 25.3% 0.09

 No Bachelor’s degree 67.9 (1.1)

 Bachelor’s degree 69.5 (2.0)

 Graduate degree 73.1 (2.1)

Estrogen Usage 3 30.8% <.0001

 Past/Never Users 66.5 (1.0)

 Current Users 76.3 (1.6)

Smoking Status 3 25.4% 0.44

 Never smokers 69.3 (0.9)

 Ever smokers 66.7 (3.2)

Soy milk intake 3 25.9% 0.25

 Never (0/month) 69.7 (1.3)

 Once a month or more (1–29 per month) 66.7 (1.7)

 Once a day or more (30+ per month) 70.3 (1.7)

Dairy Consumption 3 28.2% <.0001

 Less than twice a week (0–7/month) 65.2 (1.38)

 Twice a week or more (8–29/month) 70.8 (1.60)

 Once a day or more (30+/month) 72.6 (1.58)

Self-reported Health Status 3 25.6% 0.05

 Excellent/Good 69.7 (0.9)

 Fair/Poor 64.2 (2.6)

History of Minor Accident Fractures 3 25.9% 0.1

 No 69.8 (1.0)

 Yes 66.2 (1.9)

Physical Activity Level (Walk/Run/Jog)3 26.3% 0.64

 Level 1 (None) 69.3 (2.0)

 Level 2 (1–104 min/wk) 67.2 (1.9)

Nutr Res. Author manuscript; available in PMC 2012 October 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Matthews et al. Page 14

BUA1 (dB/Mhz) R Square of the Model (%) P2

 Level 3 (105–174 min/wk) 69.4 (1.6)

 Level 4 (≥ 175 min/wk) 70.4 (1.8)

Vegetarian Status 3 25.3% 0.63

 Vegetarians (<1x/month) 68.7 (1.1)

 Meat Eaters (1+ per month) 69.6 (1.5)

Soyfood (Tofu, Soy cheese) intake 3 24.6 0.92

 Never (0/month) 69.8 (1.7)

 Less than twice a week (1–7 per month) 69.1 (1.4)

 Twice a week or more (8+ per month) 68.8 (1.5)

Calcium Supplement 3

 Never Users 69.4 (1.4) 25.8% 0.31

 Use for less than 5 years 67.1 (1.6)

 Use for 5 years or more 70.5 (1.6)

Vitamin D Supplement 3 25.7% 0.41

 Never Users 69.5 (0.9)

 Use for less than 5 years 65.6 (2.8)

 Use for 5 years or more 68.5 (3.2)

SE – Standard Error; BMI – body mass index.

1
Mean BUA (69.1 dB/Mhz); Standard Deviation (18.3 dB/Mhz); Coefficient Variation (26.5)

2
P value from analysis of covariance testing the null hypothesis of no association between BUA and the exposure variable

3
Adjusted, as appropriate, for age, BMI, and education
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