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Abstract

Summary Recent studies show that antioxidants may reduce
the risk of osteoporosis. This study showed the associations of
bone mineral density with dietary patterns of antioxidant
vitamins and carotenoids. The findings suggest the combination
of vitamin C and f-cryptoxanthin intakes might provide benefit
to bone health in post-menopausal Japanese female subjects.
Introduction Recent epidemiological studies show antioxi-
dants may reduce the risk of osteoporosis, but little is known
about the dietary patterns of antioxidant vitamin and carotenoid
intakes and their relation with bone mineral density (BMD).
Methods A total of 293 post-menopausal female subjects who
had received health examinations in the town of Mikkabi,
Shizuoka Prefecture, Japan, participated in the study. Radial
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BMD was measured using dual-energy X-ray absorptiometry.
Dietary ntakes of antioxidant vitamins and carotenoids were
assessed by using a validated food-frequency questionnaire.
Dietary patterns were identified on a selected set of antioxidants
through principal component factor analysis.

Results Three dietary patterns were identified. The “reti-
nol” pattern, characterized by notably high intakes of
preformed retinol, zeaxanthin, and vitamin E, was positive-
ly associated with the risk for low BMD. In contrast, the
“B-cryptoxanthin” pattern, characterized by notably high
intakes of PB-cryptoxanthin and vitamin C, was negatively
associated with low BMD. The odds ratios for low BMD in
the highest tertiles of dietary intakes of preformed retinol,
vitamin C, and (3-cryptoxanthin against the lowest tertiles
were 3.22 [95% confidence interval (CI), 1.38-7.51], 0.25
(CL, 0.10-0.66), and 0.40 (CI, 0.17-0.92), respectively,
after adjustments for confounders. However, negative
associations of vitamin C and (-cryptoxanthin with low
BMD were not significant after further adjustment for
intake of f-cryptoxanthin or vitamin C, respectively.
Higher intakes of both vitamin C and f-cryptoxanthin
were significantly associated with low BMD (P<0.05).
Conclusions The combination of vitamin C and f-
cryptoxanthin may be associated with radial BMD in
post-menopausal Japanese female subjects.

Keywords Bone mineral density - Carotenoid -

Dietary pattern - Preformed retinol - Vitamin

Introduction

Osteoporosis and related fractures are a major public health

problem [1]. Osteoporosis is a chronic disease characterized
by low bone mineral density and microarchitectural
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disruption, leading to bone fragility and an increased
susceptibility to fractures [2]. Nutrition is an important
modifiable factor in the development and maintenance of
bone health, and numerous studies on nutrition and bone
health have been conducted [3, 4]. Recent epidemiological
studies have shown an association between fruit and
vegetable intake and bone mineral density (BMD) in both
young and elderly subjects [5—10].

Fruits and vegetables are rich sources of antioxidant
vitamins and carotenoids, which have been shown to
contribute to the body’s defense against reactive oxygen
species [11, 12].

Recent animal experiments and in vitro studies have
shown that reactive oxygen species and free radicals are
mvolved in osteoclastogenesis, in apoptosis of osteoblasts
and osteocytes and therefore also in bone resorption [13—
15]. Furthermore, recent epidemiological studies have
shown a relationship between oxidative stress and BMD
or osteoporosis [16—-18]. These previous findings in
epidemiological and experimental studies suggest that
antioxidant micronutrients may provide benefits to bone
metabolism against oxidative stress. In fact, recent epide-
miological studies have reported inverse associations of
antioxidant vitamin and carotenoid intake and/or serum
level with low BMD, risk of fracture, and/or osteoporosis
[19-24]. Very recently, we found that serum concentrations
of carotenoids such as (-cryptoxanthin and [-carotene
were weakly but positively associated with radial BMD in
post-menopausal female subjects [25]. Therefore, antioxi-
dant vitamins and carotenoids may be beneficial to the
maintenance of bone health.

With regard to antioxidant vitamins and carotenoids, most
studies have focused on a single antioxidant and examined
the relationship between antioxidant intake and/or serum
level and the status of bone health. However, these common
approaches may not adequately account for the complicated
interactions of these antioxidants because people consume
diets consisting of a variety of foods with complex combina-
tions of antioxidants rather than single antioxidant. Further-
more, it is unclear whether the beneficial effects of these
antioxidants on bone health are synergistic or additive. To
answer such questions, the identification of dietary pattemns
using factor analysis has been widely used to elucidate the
relationship between diet and disease. This type of statistical
analysis allows the development of appropriate recommen-
dations for overall dietary habits.

The objective of this study was to identify the dietary
patterns of antioxidant vitamin and carotenoid intake
associated with radial BMD in post-menopausal Japanese
female subjects and to investigate the association of
interactions of these antioxidants with bone health. The
dietary patterns of antioxidant vitamin and carotenoid
intake with radial BMD were evaluated cross-sectionally.
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Subjects and methods
Subjects

In this survey, study subjects were recruited from partic-
ipants in an annual health check-up program conducted by
the local government of the town of Mikkabi, Shizuoka
Prefecture, Japan in April 2005. Mikkabi is located in
western Shizuoka, and about 40% of its residents work in
agriculture. Fruit trees are the key industry in Mikkabi,
which is an important producer of mandarin orange in
Japan. A total of 1,891 males and females were subjects for
the annual health check-up program. In total, 1,369 males
and females (72.4% of total subjects), ranging in age from
30 to 70 years, had received the health check-up through
the program.

Participants were recruited for this study, and informed
consent was obtained from 699 subjects (222 males and
477 females). The response rate was 51.1%. This study was
approved by the ethics committees of the National Institute
of Fruit Tree Science and the Hamamatsu University
School of Medicine. For the present study, we used the
data of post-menopausal female subjects because, in our
previous study, we had found inverse associations of serum
antioxidant carotenoids with risk for low BMD in post-
menopausal female subjects [25].

Bone mineral density measurement

The radial BMD was measured using dual-energy X-ray
absorptiometry (DXA) of each participant’s nondominant
forearm with an osteometer (model DCS-600EX-III,
ALOKA Co., LTD., Tokyo, Japan). This osteometer
automatically measured the forearm length from the styloid
process on the ulna, and DXA scan was automatically
placed on the radial centered 1/3 of the forearm length.
Calibration of the machine was performed daily, and quality
assurance was performed by measuring the manufacturer’s
phantom. The CV of the radial BMD measurement was
within 0.5%. In this study, the measurement of the radial
BMD of each participant was performed by well-trained
clinical technologists of the Seirei Preventive Health Care
Center (Shizuoka, Japan).

Self-administered questionnaire

A self-administered questionnaire was used to collect
information about a subject’s history of osteoporosis,
medications and/or hormone use, and lifestyle, including
tobacco use (current smoker, ex-smoker, or non-smoker),
exercise (1+ times per week), regular alcohol intake (1+
time per week), dietary supplement use (non-user,
occasional-user, and current-user), and dietary habits. Diet
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was assessed with a modified validated simple food-
frequency questionnaire (FFQ) developed especially for
the Japanese [26, 27]. In this FFQ, Wakai et al. selected a
total of 97 foods and dishes through a two-step procedure,
first by ranking food items according to the contribution to
the population intake of energy and nutrients and second by
stepwise multiple regression analysis of individual food
items as the independent variables and of total nutrient
intake as the dependent variable. For simplicity, questions
on portion sizes were not included except for a few selected
food items, resulting in short time to complete the
questionnaire. They validated this FFQ for food groups by
referring to four 4-day dietary records (DRs), and correla-
tion coefficients between FFQ and DRs were larger than
0.4 for most food groups. Information about alcohol
consumption and the daily intake of 18 nutrients was
estimated from the monthly food intake frequencies with
either standard portion size (for most types of food) or
subject-specified usual portion size (for rice, bread, and
alcoholic and non-alcoholic beverages) using FFQ analysis
software package for windows (Food-Frequency Question-
naire System, System Supply Co., LTD., Kanagawa,
Japan). This FFQ analysis software computes an individu-
al’s food and nutrient intake form FFQ data based on
“Standard tables of food composition in Japan” [28, 29].

The dietary carotenoid intakes of each individual were
computed to obtain the amount of six carotenoids,
lycopene, o-carotene, {3-carotene, lutein, 3-cryptoxanthin,
and zeaxanthin using a published database of the carotenoid
composition of fruit and vegetables [30, 31]. In our survey,
we calculated an individual’s carotenoid intake from
important sources of carotenoids. In this data analysis, the
dietary carotenoid intakes were calculated from the FFQ
data of individual food items not dishes [32].

The dietary intakes of total energy, calcium, potassium,
magnesium, vitamins C, D, and E, preformed retinol,
lycopene, «-carotene, {3-carotene, lutein, 3-cryptoxanthin,
and zeaxanthin of each subject were used in this report.

Statistical analyses

For this study, the following subjects were excluded from
the data analyses: (1) those who reported a history of
osteoporosis or taking medications for bone metabolism in
the self-administered questionnaire (n=14); (2) those for
whom the self-administered questionnaire data were in-
complete (n=1); and (3) those for whom blood samples for
serum-carotenoid analysis were not collected (n=1). As a
result, a total of 293 post-menopausal female subjects were
included in further data analysis.

Intakes of preformed retinol, vitamins C, D, and E, and
six carotenoids were skewed toward the higher concen-
trations. These values were loge (natural)-transformed to
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improve the normality of their distribution. All variables
were presented as an original scale. The data are expressed
as means (standard deviation), geometric mean (95%
confidence interval), range, or percent.

A principal component analysis was used to derive the
dietary patterns on the basis of the intakes of nine
antioxidant vitamins and carotenoids obtained from the
FFQ. To identify the number of factors to be retained, we
used the criterion of eigenvalues>1.0, the most widely used
criterion in factor analysis. Finally, we decided to retain
three factors for further analysis. We applied a varimax
rotation to the factor-loading matrix to achieve a simpler
structure with greater interpretability. After the varimax
rotation, the factor scores for each subject were saved from
the principal component analysis. The factor-loading matrix
represents correlation coefficients between individual anti-
oxidants and dietary patterns. The percentage of variance
explained by each factor was calculated by dividing the
sum of the squares of the respective factor loadings by the
number of variables.

Participants were divided into three categories according
to tertiles of factor scores. Low radial BMD was defined as
the lowest quartile of the value among study participants,
i.e., equal to or less than 0.501 g/cm? in post-menopausal
female subjects. To assess the relationship between dietary
patterns and low radial BMD, logistic regression analyses
were performed using three models. In model 1, we
adjusted for age, weight, and height. Model 2: Years since
menopause, current tobacco use, regular alcohol intake,
exercise habits, supplement use, and total energy intake
were further adjusted. Model 3: Intakes of calcium,
magnesium, potassium, and vitamin D were further
adjusted. The goodness-of-fit for logistic regression model
was evaluated by Hosmer—Lemeshow Goodness-of-Fit test,
and then, we calculated odds ratios.

For dietary intake of each antioxidant vitamin and
carotenoid, participants were further divided into three
categories according to tertiles of antioxidant vitamin and
carotenoid intake, and logistic regression analyses were
performed to assess the relationship between antioxidant
vitamin and carotenoid intake with low radial BMD.

All statistical analyses were performed using a statistical
software package for Windows (SPSS ver. 17.0, SPSS Inc.,
Chicago, IL, USA) on a personal computer.

Results

Clinical, biochemical, and nutrient intake profiles
of study subjects

Table 1 shows the characteristics of the study subjects. The
mean radial BMD in post-menopausal Japanese female

@ Springer



146

Osteoporos Int (2011) 22:143-152

Table 1 Characteristics of the study subject

Post-menopausal female

Number study subjects 293

Age (years) 60.2 6.2)

Body height (cm) 152.0 (5.5)

Body weight (kg) 51.9 (7.6)

Body mass index (kg/m2) 22.5 3.0)

Bone mineral density (g/cm2) 0.561 (0.084)
Range 0.366-0.820

Intake
Total energy including ethanol (MJ/day) 820 (2.01)
Total energy excluding ethanol (MJ/day) 8.15  (2.00)
Calcium (mg/day) 651 (256)
Potassium (mg/day) 2910 (967)
Magnesium (mg/day) 281 (81)
Retinol (pg/day)™ ° 281 (259-305)
Vitamin C (mg/day)” 170 (161-179)
Vitamin D (ug/day)® 6.4 (5.9-6.9)
Vitamin E (mg/day)® 8.1  (7.8-84)
Lycopene (mg/day)® 0.15  (0.13-0.17)
o-Carotene (mg/day)® 0.25  (0.23-0.27)
f3-Carotene (mg/day)® 1.86  (1.74-1.99)
Lutein (mg/day)® 206 (1.92-2.20)
(-Cryptoxanthin (mg/day)” 0.62  (0.52-0.73)
Zeaxanthin (mg/day)” 0.67 (0.61-0.73)

Current tobacco use (%) 1.7

Exercise habits (%)° 21.5

Regular alcohol intake (%)° 11.0

Current supplement use (%) 9.6

Data are mean (standard deviation), geometric mean (95% confidence
interval)

# Preformed retinol
® These variables were represented as original scale after analysis by log

°>1 time per week

subjects was 0.561 g/cm®. The percent of subjects with
osteoporosis whose radial BMD was less than 70% of that
of the young adult mean was 9.2% [33]. The mean daily
intakes of calcium, potassium, magnesium, preformed
retinol, and vitamins C, D, and E were at least comparable
to the recommended dietary allowance. Of the six carote-
noids analyzed, that with the highest intake was lutein; the
second was [-carotene, and the lowest was lycopene. In
our survey, 9.6% of study subjects used supplements, but
most used multivitamin supplements. The rate of supple-
ment users among study subjects for vitamin C and D, f3-
carotene, and calcium were 3.1%, 0.3%, 0.7%, and 5.5%,
respectively. Therefore, we think that specific quantitative
intakes of vitamin, carotenoid, and mineral from supple-
ment were negligible compared with those from foods.
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Principal component analysis of dietary patterns
of antioxidant vitamin and carotenoid intake

The factor-loading matrices for the three retained factors are
shown in Table 2. The high positive loadings indicate
strong associations between given antioxidants and dietary
patterns. Factor 1 had heavy loadings on [3-carotene, o
carotene, lutein, lycopene, and vitamins E and C. This
pattern was especially heavily loaded on carotenoids and
was labeled the “Carotene” pattern. Factor 2 had heavy
loadings on preformed retinol, zeaxanthin, vitamin E,
lutein, vitamin C, and P-carotene. This pattern, heavily
loaded on preformed retinol, zeaxanthin, and vitamin E,
was labeled the “Retinol” pattern. Factor 3 had heavy
loadings on -cryptoxanthin, vitamin C, 3-carotene, lutein,
and vitamin E. This pattern, heavily loaded on (-
cryptoxanthin and vitamin C, was labeled the “f-cryptox-
anthin” pattern. Overall, the three dietary patterns
accounted for 73.1% of the variance in antioxidant vitamin
and carotenoid intake.

Odds ratio of low radial BMD in the highest group of factor
scores of each dietary pattern

The odds ratios of low radial BMD associated with the
tertiles of factor scores of each of the three dietary patterns
after adjustments for confounding factors are shown in
Table 3. The odds ratios for the risk of low radial BMD in
the highest tertile of factor scores against the lowest tertile
used for the reference group were calculated. In the

Table 2 Factor-loading matrix for the three dietary patterns of
antioxidant vitamins and carotenoid intakes identified among 293
post-menopausal Japanese female subjects

Factor 1:  Factor 2:  Factor 3: -
carotene  retinol cryptoxanthin
Retinol® 0.825
Vitamin C 0.435 0.285 0.773
Vitamin E 0.464 0.711 0.258
Lycopene 0.633
-Carotene 0.788
-Carotene 0.852 0.257 0.369
Lutein 0.740 0.447 0.270
3-Cryptoxanthin 0.920
Zeaxanthin 0.712
Percentage of variance (%) 30.3 22.8 20.1

Data for 293 subjects from the self-administered food-frequency
questionnaire. Absolute values <0.25 were excluded from the table for
simplicity

# Preformed retinol
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Table 3 The odds ratios (and 95% confidence intervals) of tertiles of three dietary patterns on low bone mineral density in post-menopausal

Japanese female subjects

Dietary patterns Factor score  Number Model 1 Model 2 Model 3
OR  95% CI Pfor OR 95% CI Pfor OR 95%Cl P for
trend trend trend
Factor 1: carotene Lowest (Q1) 97 1.00 1.00 1.00
Middle (Q2) 98 0.83  (0.40-1.72) 0.94 (0.44-2.00) 1.14  (0.51-2.54)
Highest (Q3) 98 131 (0.65-2.64) 0370 1.38 (0.66-2.89) 0.340 230 (0.93-5.70) 0.064
Factor 2: retinol Lowest (Q1) 97 1.00 1.00 1.00
Middle (Q2) 98 1.16  (0.55-2.45) 1.35  (0.61-2.98) 1.08 (0.47-2.47)
Highest (Q3) 98 2.02 (0.99-4.09) 0.041 3.09 (1.28-7.47) 0.009 231 (0.90-5.89) 0.059
Factor 3: f3-cryptoxanthin  Lowest (Q1) 97 1.00 1.00 1.00
Middle (Q2) 98 0.55 (0.26-1.16) 0.54 (0.25-1.18) 0.53  (0.24-1.17)
Highest (Q3) 98 026 (0.11-0.59) 0.001 0.22 (0.09-0.54) 0.001 030 (0.11-0.77) 0.017

Model 1: Age, weight and height were adjusted. Model 2: Years since menopause, current tobacco use, regular alcohol intake, exercise habits,
supplement use, and total energy intake were further adjusted. Model 3: Intakes of calcium, magnesium, potassium, and vitamins D were further

adjusted

“Carotene” pattern, there was no significant association
between the factor score and low radial BMD. In the
“Retinol” pattern, a significantly higher odds ratio was
observed in the highest tertile of factor score after adjust-
ments for age, years since menopause, weight, height,
current tobacco use, regular alcohol intake, exercise habits,
use of dietary supplements, and total energy. However, this
significant association was not observed after further
adjustments for intake of calcium, magnesium, potassium,
and vitamin D. On the other hand, in the “f-cryptoxanthin”
pattern, a significantly lower odds ratio was observed in the
highest tertile of factor scores after multivariate adjustment.

Odds ratios of low radial BMD in the highest group
of antioxidant vitamin and carotenoid intake

The odds ratios for the risk of low radial BMD associated
with the tertiles of daily intakes of each antioxidant vitamin
and carotenoid after adjustments for confounding factors
are shown in Table 4. A significantly higher odds ratio was
observed in the highest tertile of preformed retinol intake
after adjustments for age, weight, and height. This
significant association was also observed after multivariate
adjustments. Similarly, a significantly higher odds ratio was
observed in the highest tertile of zeaxanthin intake after
adjustments for age, years since menopause, weight, height,
current tobacco use, regular alcohol intake, exercise habits,
use of dietary supplements, and total energy, but this
significant association was not observed after further
adjustments for intakes of calcium, magnesium, potassium,
and vitamin D. In contrast, a significantly lower odds ratio
was observed in the highest tertile of vitamin C intake after
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multivariate adjustments. Also, a significantly lower odds
ratio was observed in the highest tertile of 3-cryptoxanthin
intake after adjustments for age, years since menopause,
weight, height, current tobacco use, regular alcohol intake,
exercise habits, use of dietary supplements, and total
energy, but this significant association was not observed
after further adjustments for intakes of calcium, magne-
sium, potassium, and vitamin D.

Next, study subjects were divided into two groups by
median values of vitamin C and/or 3-cryptoxanthin intake.
And then, all subjects were ranked into four groups as
follows: group 1: lower intake of vitamin C (47-169 mg/day)
with lower intake of f-cryptoxanthin (0-0.96 mg/day);
group 2: lower intake of vitamin C (47-169 mg/day) with
higher intake of 3-cryptoxanthin (0.97-7.91 mg/day); group
3, higher intake of vitamin C (170-625 mg/day) with lower
intake of 3-cryptoxanthin (0-0.96 mg/day); group 4, higher
intake of vitamin C (170-625 mg/day) with higher intake of
-cryptoxanthin (0.97-7.91 mg/day). In both groups of
higher intake of vitamin C with lower intake of B-
cryptoxanthin and/or lower intake of vitamin C with higher
intake of B-cryptoxanthin, significantly lower odds ratios
were not observed against the lower intake group of both of
them used for the reference group. In contrast, a significantly
lower odds ratio was observed in the higher intake group of
both of them after adjustments for age, years since
menopause, weight, height, current tobacco use, regular
alcohol intake, exercise habits, use of dietary supplements,
and total energy (Table 5). However, this significant lower
odds ratio became insignificant after further adjustments for
intakes of calcium, magnesium, potassium, and vitamin D
(data not shown).
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Table 4 The odds ratios (and 95% confidence intervals) of tertiles of antioxidant intakes on low bone mineral density in post-menopausal Japanese female subjects

Dietary intake Number  Range (mg/d) or (ug/d)  Model 1 Model 2 Model 3
OR 95% C1 P for trend  OR 95% CI P fortrend OR 95% CI P for trend

Retinol® . Lowest (Q1) 97 (29-213) 1.00 1.00 1.00

Middle (Q2) 98 (218-383) 130 (0.61-2.75) 1.65  (0.74-3.69) 1.28  (0.56-2.94)

Highest (Q3) 98 (386-3531) 237 (1.16-4.85) 0.014 322 (1.38-7.51) 0.007 2.52  (1.03-6.14) 0.031
Vitamin C Lowest (Q1) 96 (47-139) 1.00 1.00 1.00

Middle (Q2) 99 (140-214) 1.15  (0.55-2.40) .02 (0.47-2.22) 1.03  (0.45-2.36)

Highest (Q3) 98 (215-625) 035  {0.15-0.80) 0.004 0.25  (0.10-0.66) 0.001 025  (0.07-0.82) 0.010
Vitamin E Lowest (Q1) 101 (3.2-7.2) 1.00 1.00 1.00

Middle (Q2) 97 (7.3-9.1) 0.61  (0.29-1.27) 0.56  (0.25-1.25) 049  (0.21-1.14)

Highest (Q3) 95 (9.2-30.9) 0.61  (0.29-1.27) 0.244 045  (0.16-1.31) 0.176 043  (0.14-1.36) 0.193
Lycopene Lowest (Q1) 121 (0.00-0.06) 1.00 1.00 1.00

Middle (Q2) 76 (0.15-0.15) 1.02  (0.48-2.15) 1.10  (0.51-2.35) 1.06  (0.48-2.34)

Highest (Q3) 96 (0.36-1.78) 1.55  (0.79-3.04) 0.177 172 (0.85-3.47) 0.117 1.60  (0.75-3.38) 0.201
-Carotene Lowest (Q1) 95 (0.03-0.23) 1.00 1.00 1.00

Middle (Q2) 97 (0.24-0.37) 0.73  (0.36-1.48) 0.79  (0.38-1.66) 090  (0.42-1.95)

Highest (Q3) 101 (0.38-1.27) 0.77  (0.38-1.57) 0.522 0.78  (0.36-1.67) 0.551 1.05  (0.45-2.45) 0.882
3-Carotene Lowest (Q1) 97 (0.34-1.52) 1.00 1.00 1.00

Middle (Q2) 99 (1.53-2.36) 0.61  (0.29-1.27) 0.63  (0.29-1.35) 0.74  (0.32-1.70)

Highest (Q3) 97 (2.37-8.19) 0.75  (0.37-1.53) 0.586 0.69  (0.31-1.55) 0.487 093  (0.33-2.62) 0.981
Lutein Lowest (Q1) 98 (0.49-1.68) 1.00 1.00 1.00

Middle (Q2) 97 (1.70-2.58) 1.56  (0.74-3.28) 1.84  (0.834.06) 210 (0.89-4.93)

Highest (Q3) 98 (2.59-10.01) 1.25  (0.59-2.62) 0.762 1.39  (0.60-3.23) 0.698 1.94  (0.69-5.48) 0.339
-Cryptoxanthin ~ Lowest (Q1) 98 (0.00-0.30) 1.00 1.00 1.00

Middle (Q2) 101 (0.31-1.21) 052  (0.25-1.10) 047  (0.22-1.01) 049  (0.22-1.10)

Highest (Q3) 94 (1.22-7.91) 046  (0.21-1.00) 0.099 0.40  (0.17-0.92) 0.068 0.53  (0.22-1.28) 0.295
Zeaxanthin Lowest (Q1) 95 (0.08-0.46) 1.00 1.00 1.00

Middle (Q2) 100 (0.47-0.96) 1.73  (0.82-3.65) 1.95  (0.89-4.27) 1.71  (0.75-3.87)

Highest (Q3) 98 (0.97-6.09) 1.96  (0.93-4.13) 0.104 2,65  (1.11-6.31) 0.038 2.51 (0.99-6.33) 0.061

Model 1: Age, weight and height were adjusted. Model 2: Years since menopause, current tobacco use, regular alcohol intake, exercise habits, supplement use, and total energy intake were further

adjusted. Model 3: Intakes of calcium, magnesium, potassium, and vitamins D were further adjusted
# Preformed retinol
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Table 5 The odds ratios (and 95% confidence intervals) of four groups stratified by dietary intakes of vitamin C and B-cryptoxanthin on low
bone mineral density in post-menopausal Japanese female subjects

B-Cryptoxanthin intake

Low intake (0-0.96mg/d) High intake (0.97-7.91mg/d)
Number OR 95%Cl Number OR 95%Cl
Vitamin C intake Low intake (47-169 mg/d) 113 1.00 (Reference) 34 0.73 (0.27-1.99)
High intake (170-625 mg/d) 36 0.52 (0.18-1.52) 110 0.42 (0.19-0.93)

Age, weight, height, years since menopause, current tobacco use, regular alcohol intake, exercise habits, supplement use, and total energy intake
were adjusted

Discussion for Japanese adult females (600 pgRE/day) although most
subjects consumed less than 3,000 pwgRE/day. The effect of
The objective of this study was to investigate the associations  the dietary amount of preformed retinol on bone metabolism
of dietary patterns of antioxidant vitamin and carotenoid  in Japanese female subjects has not been studied in detail, but
intake with radial BMD in post-menopausal Japanese female  a high intake of preformed retinol may be associated with the
subjects. The results indicate that radial BMD was signifi-  risk for low radial BMD. Further study is required.
cantly associated with a dietary pattern heavily loaded on In our data analyses, we identified three dietary patterns
f3-cryptoxanthin and vitamin C. Furthermore, we found that  of antioxidant vitamin and carotenoid intake from the
a high intake of vitamin C with B-cryptoxanthin was  principal component analysis. Although all dietary patterns
inversely associated with a low radial BMD. This investiga-  were heavily loaded on vitamin C intake, the highest
tion is the first reported cross-sectional study to examine the  positive loading between vitamin C, and dietary pattern was
association of dietary patterns of antioxidant vitamin and  observed in the “f-cryptoxanthin” pattern. On the other
carotenoid intake with BMD. Numerous antioxidant vita-  hand, an association between (-cryptoxanthin and dietary
mins and carotenoids are contained in fiuits and vegetables,  pattern was observed in only the “f-cryptoxanthin” pattern,
and several recent epidemiological reports have shown  which had an extremely high factor loading. Vitamin C and
inverse associations of antioxidant vitamin and carotenoid  f3-cryptoxanthin are especially concentrated in citrus fruits
intake or serum level with low BMD, risk of fracture, and/or ~ such as Japanese mandarin orange. Therefore, a high intake
risk of osteoporosis [16-18]. However, the association of  of citrus fruit may be inversely associated with low BMD.
BMD with dietary patterns of antioxidant vitamin and  In fact, in our previous study, we found that fruit intake was
carotenoid intake has not been thoroughly studied. Our  inversely associated with low radial BMD [25].
findings further support the hypothesis that high intakes of In animals, an experimentally induced deficiency of
fruits and vegetables rich in antioxidant vitamins and  vitamin C led to impairments in bone mass, cartilage, and
carotenoids, especially vitamin C and (-cryptoxanthin, may  connective tissues [38, 39]. The protein in the bone matrix
be beneficial to bone health in post-menopausal women. is over 90% collagen [40]. Vitamin C is an essential
On the other hand, some epidemiological studies have  cofactor for the formation of collagen and the synthesis of
reported that excessive intake of retinol may have adverse  hydroxyproline and hydroxylysine [41]. Therefore, vitamin
effects on BMD [34-36]. In our study, a positive  C is an important micronutrient for the maintenance of bone
association between the factor score of the “Retinol” pattern ~ health. Furthermore, it is well known that vitamin C
and low radial BMD was observed after adjustments for  reduces oxidative stress by scavenging singlet oxygen and
age, years since menopause, weight, height, current tobacco  peroxyl radicals. The relationship between oxidative stress
use, regular alcohol intake, exercise habits, use of dietary =~ and BMD or osteoporosis has recently been reported [16—
supplements, and total energy. For dietary antioxidants, a  18]. From the finding of osteopetrosis in mice lacking NF-
significantly higher odds ratio was observed in the highest kBl and NF-kB2, Iotsova et al. reported that NF-«xB
tertile of preformed retinol intake against the lowest tertile  proteins are important for osteoclastogenesis [42]. NF-«B is
used for the reference group after multivariate adjustments.  activated by the exposure of cells to oxidative stress [43].
The recommended daily intake of retinol activity equiv-  Therefore, it seems that reactive oxygen species enhance
alents is 600 pgRE/day for Japanese women, with a  osteoclastogenesis and bone resorption. In fact, some
tolerable upper intake of 3,000 pgRE/day [37]. In the  studies have implicated reactive oxygen species in bone
highest tertile of preformed retinol intake, all of them  regulation [44, 45]. Furthermore, in epidemiological stud-
consumed more than the recommended dietary allowance ies, it was reported that oxidative stress levels were
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negatively associated with BMD and that antioxidant levels
were lower in osteoporotic patients [ 19-24]. These previous
findings in epidemiological and experimental studies
suggest that antioxidant micronutrients may provide bene-
fits to bone metabolism against oxidative stress. Therefore,
it seems that vitamin C is an important micronutrient for the
maintenance of bone health through its biological action on
cofactors for collagen formation, the synthesis of hydroxy-
proline and hydroxylysine, and antioxidant activity.

Carotenoids, as antioxidants, may also play an important
role in the prevention of oxidative stress-related osteoclasto-
genesis and bone resorption. Very recently, Yamaguchi et al.
reported the beneficial effects of 3-cryptoxanthin on bone
metabolism [46—48]. Through in vitro and in vivo studies,
they found that 3-cryptoxanthin stimulated bone formation
and inhibited bone resorption. Their results support the idea
that 3-cryptoxanthin may have a direct stimulatory effect on
bone formation and an inhibitory effect on bone resorption.
Recent epidemiological studies have shown an association
of serum (-cryptoxanthin with bone health. Yang et al.
examined serum-carotenoid concentrations in post-
menopausal American female subjects and found that the
serum concentrations of 3-cryptoxanthin and lycopene were
significantly lower in osteoporotic subjects than in non-
osteoporotic subjects [22]. Furthermore, we found that
serumm f-cryptoxanthin was significantly but partially
associated with radial BMD [25]. The results of these
experimental and epidemiological studies strongly support
the hypothesis that the development of osteoporosis may be
reduced by J3-cryptoxanthin intake.

In our data analysis, significantly lower odds ratios in the
highest tertiles of vitamin C and P-cryptoxanthin intakes
were observed, but these significant associations were not
observed after adjusting for (3-cryptoxanthin and/or vitamin
C intakes, respectively (OR, 0.36; CI, 0.12—1.11 for vitamin
C and OR, 0.70; CI, 0.27-1.90 for -cryptoxanthin). These
results indicate that a combined intake of vitamin C and f3-
cryptoxanthin may be associated with radial BMD. Next,
we examined the association of low radial BMD with the
combined intake of vitamin C and P-cryptoxanthin. A
significantly lower odds ratio was observed in the high-
intake group for both of vitamin C and (-cryptoxanthin
than in the low-intake group for both nutrients after
adjustments for age, years since menopause, weight, height,
current tobacco use, regular alcohol intake, exercise habits,
use of dietary supplements, and total energy. However, this
significantly lower odds ratio became insignificant after
further adjustments for intakes of calcium, magnesium,
potassium, and vitamin D (data not shown). For this reason,
we think that these micronutrients might be more relevant
factors for BMD rather than vitamin C and f-
cryptoxanthin, or there is no denying the possibility of
multicollinearity among these nutrients because these
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micronutrients were also rich in fruit and vegetables. From
these results, we concluded that the intakes of vitamin C
and (-cryptoxanthin may be significantly but partially
associated with radial BMD, and these associations may
be caused by a combination of vitamin C and (-
cryptoxanthin. To our knowledge, there has been no
experimental or epidemiological study of the combined
effect of vitamin C and carotenoid on bone metabolism. It
is conceivable that, rather than vitamin C alone, vitamin C
intake combined with the intakes of other antioxidants such
as carotenoids may yield an important dietary pattern
conducive to the maintenance of bone health. Further
studies on the complicated interactions of antioxidants on
bone metabolism are required.

This study had some limitations. First, the data obtained
here cross-sectional; therefore, only limited inferences can
be made regarding temporality and causation. Furthermore,
the sample size was limited, and thus further large-scale
studies are required. Second, in our survey, portion size
questions were not included for most items. Absolute
nutrient intake could not be estimated from FFQ without
portion size questions. Third, we evaluated radial BMD at
1/3 of the forearm length measured from the styloid process
on the ulna. Therefore, an analysis of the association of
serum carotenoids with BMD in cancellous bone, such as
the femoral neck or lumbar spine, is required. Lastly, we
could not evaluate the dietary patterns of other antioxidants
such as flavonoids. Some studies have shown a beneficial
effect of bioactive flavonoids on bone metabolism [49, 50].

In conclusion, dietary patterns heavily loaded on f3-
cryptoxanthin, and vitamin C are associated with radial
BMD in post-menopausal Japanese female subjects. A high
intake of vitamin C with f-cryptoxanthin is inversely
associated with low radial BMD and may be beneficial to
bone health. To determine whether antioxidant vitamins and
carotenoids are beneficial to bone health, further cohort or
intervention studies are required.
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