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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% CI P for trend  OR 95% CI P fortrend OR 95% CI P for trend

Retinof?® 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) 128  (0.56-2.94)

Highest (Q3) 98 (386-3531) 237  (1.16-4.85) 0.014 322 (1.38-7.51) 0.007 252 (1.03-6.14) 0.031
Vitamin C Lowest (Q1) 96 (47-139) 1.00 1.00 1.00

Middle (Q2) 99 (140-214) .15 (0.55-2.40) 1.02  (0.47-2.22) 1.03  (0.45-2.36)

Highest (Q3) 98 (215-625) 035  (0.15-0.80) 0.004 025  (0.10-0.66) 0.001 0.25  (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) 056  (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) .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
o-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) 061  (0.29-1.27) 0.63  (0.29-1.35) 074  (0.32-1.70)

Highest (Q3) 97 (2.37-8.19) 075  (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  (0.83-4.06) 2,10  (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
B-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) 0.099 040  (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) 173 (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  (0.934.13) 0.104 265 (1.11-6.31) 0.038 251 (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




Table 5 The odds ratios (and 95% confidence intervals) of four groups stratified by dietary intakes of vitamin C and f-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%CI
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

The objective of this study was to investigate the associations
of dietary patterns of antioxidant vitamin and carotenoid
intake with radial BMD in post-menopausal Japanese female
subjects. The results indicate that radial BMD was signifi-
cantly associated with a dietary pattern heavily loaded on
f-cryptoxanthin and vitamin C. Furthermore, we found that
a high intake of vitamin C with B-cryptoxanthin was
inversely associated with a low radial BMD. This investiga-
tion is the first reported cross-sectional study to examine the
association of dietary patterns of antioxidant vitamin and
carotenoid intake with BMD. Numerous antioxidant vita-
mins and carotenoids are contained in fruits and vegetables,
and several recent epidemiological reports have shown
inverse associations of antioxidant vitamin and carotenoid
intake or serum level with low BMD, risk of fracture, and/or
risk of osteoporosis [16-18]. However, the association of
BMD with dietary patterns of antioxidant vitamin and
carotenoid intake has not been thoroughly studied. Our
findings further support the hypothesis that high intakes of
fruits and vegetables rich in antioxidant vitamins and
carotenoids, especially vitamin C and (3-cryptoxanthin, may
be beneficial to bone health in post-menopausal women.
On the other hand, some epidemiological studies have
reported that excessive intake of retinol may have adverse
effects on BMD [34-36]. In our study, a positive
association between the factor score of the “Retinol” pattern
and low radial BMD was observed after adjustments for
age, years since menopause, weight, height, current tobacco
use, regular alcohol intake, exercise habits, use of dietary
supplements, and total energy. For dietary antioxidants, a
significantly higher odds ratio was observed in the highest
tertile of preformed retinol intake against the lowest tertile
used for the reference group after multivariate adjustments.
The recommended daily intake of retinol activity equiv-
alents is 600 pgRE/day for Japanese women, with a
tolerable upper intake of 3,000 pugRE/day [37]. In the
highest tertile of preformed retinol intake, all of them
consumed more than the recommended dietary allowance

for Japanese adult females (600 ugRE/day) although most
subjects consumed less than 3,000 pgRE/day. The effect of
the dietary amount of preformed retinol on bone metabolism
in Japanese female subjects has not been studied in detail, but
a high intake of preformed retinol may be associated with the
risk for low radial BMD. Further study is required.

In our data analyses, we identified three dietary patterns
of antioxidant vitamin and carotenoid intake from the
principal component analysis. Although all dietary patterns
were heavily loaded on vitamin C intake, the highest
positive loading between vitamin C, and dietary pattern was
observed in the “f-cryptoxanthin” pattern. On the other
hand, an association between f-cryptoxanthin and dietary
pattern was observed in only the “fS-cryptoxanthin” pattern,
which had an extremely high factor loading. Vitamin C and
f3-cryptoxanthin are especially concentrated in citrus fruits
such as Japanese mandarin orange. Therefore, a high intake
of citrus fruit may be inversely associated with low BMD.
In fact, in our previous study, we found that fruit intake was
inversely associated with low radial BMD [25].

In animals, an experimentally induced deficiency of
vitamin C led to impairments in bone mass, cartilage, and
connective tissues [38, 39]. The protein in the bone matrix
is over 90% collagen [40]. Vitamin C is an essential
cofactor for the formation of collagen and the synthesis of
hydroxyproline and hydroxylysine [41]. Therefore, vitamin
C is an important micronutrient for the maintenance of bone
health. Furthermore, it is well known that vitamin C
reduces oxidative stress by scavenging singlet oxygen and
peroxyl radicals. The relationship between oxidative stress
and BMD or osteoporosis has recently been reported [16—
18]. From the finding of osteopetrosis in mice lacking NF-
kBl and NF-kB2, Iotsova et al. reported that NF-xB
proteins are important for osteoclastogenesis [42]. NF-kB is
activated by the exposure of cells to oxidative stress [43].
Therefore, it seems that reactive oxygen species enhance
osteoclastogenesis and bone resorption. In fact, some
studies have implicated reactive oxygen species in bone
regulation [44, 45]. Furthermore, in epidemiological stud-
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 B-cryptoxanthin on bone
metabolism [46-48]. Through in vitro and in vivo studies,
they found that B-cryptoxanthin stimulated bone formation
and inhibited bone resorption. Their results support the idea
that B-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 B-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
serum P-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 B-cryptoxanthin intake.

In our data analysis, significantly lower odds ratios in the
highest tertiles of vitamin C and B-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; C1, 0.27-1.90 for B-cryptoxanthin). These
results indicate that a combined intake of vitamin C and 3-
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 P-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 f3-
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 P-cryptoxanthin may be significantly but partially
associated with radial BMD, and these associations may
be caused by a combination of vitamin C and B-
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 (-
cryptoxanthin, and vitamin C are associated with radial
BMD in post-menopausal Japanese female subjects. A high
intake of vitamin C with [-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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