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elderly in the range of 36-20% in the Western population
Iy 7L The seram 25(0OH)YD concentration ' is related to
lifestyle factors such as vitamin D intake ‘and sunlight
exposure [ 1, and the circulating 25(0H)D level serves
as an indicator of vitamin D sufficiency [ ]

In a previous study in a Japanese population, 4.6% of the
subjects had low serum 25(0OH)D levels in the peri-/post-
menopausal period [ ], but women in their twenties had
significantly lower serum 25(OH)D concentrations than
those in their thirties and older [ ], and 40.3% of the
subjects ‘had vitamin D insufficiency as college students
[ 1. Additionally, low serum concentrations of 25(0OH)D
and high serum concentrations of intact PTH were found to
predispose young individuals to low bone mineral density
(BMD) [ 1.

It is reported that the primary dietary sources of vitamin
D in food are fish and eggs in Japanese [ - ], but there is no
repoit on the relationship between 25(0OH)D and nutrient
intake of other lifestyle factors in Japanese women.

The aim of this study was to clarify the relationship
between 25(CH)D concentrations and lifestyle factors,
such as nutrient intake; physical activity and duration of
exposure to sunshine, in young Japanese women.

Subjects and methods
Study participants

The present Kawada-cho Peak Bone Mass Study is a cohort
study in young Japanese women in Tokyo, Japan| ] The
participants consisted of healthy female volunteers who
were. students at the School of Nursing (college-degree
four-year course) and the Nursing Vocational School (non-
college-degree three-year course) of Tokyo Women's
Medical University, Tokyo, Japan. We obtained written
consent from 348 candidate study subjects who agreed to
participate voluntarily. Participants were excluded if they

had systemic or metabolic disorders or medications with
known effects on bone metabolism and had abnormalities
in hormonal regulation or nutritional habits, including
menstrual disturbance and eating disorders. Of these, 274
women finally participated in the study. The study protocel
was approved by the Ethics Committee of Tokyo Women's
Medical University School of Medicine.

Study design

The baseline survey was carried out from December 2003
to February 2004. Each participant completed a question-
naire about backeround information including age, weight,
birth weight, age at menarche, and current menstrual status,
along with the questionnaires described below.

Laboratory assessments

All blood samples were taken when the participants gath-
ered to receive: the questionnaires, and to undergo blood
chemistry tests for serum calcium, phosphiorus, and albu-
miit; Serum: 25-hydroxyvitamin D concentrations - were
determined by the Nichols Advantage Chemiluminescence
protein-binding assay (CLPBA) method [ ]..Intact PTH
was measured as a marker for vitamin D insufficiency by
using a two-site immunoradiometric assay {Nichols Insti-
tute Diagnostics).

Bone mineral density measurements

BMD at the lumbar spine (L.2=L4) was measured by dual=
X - ray absorptiometry - (DXA)  using the QDR-4500
absorptiometer: (Hologic Inc, Bedford,” MA).  The: manu-
facturer’s lumbar spine phantom: was scanned daily for
quality control and to correct for instrument drift. As pre-
viously reported, coefficient of variation in our measure-
ments was <0.7% for the day-to-day quality control scans.
BMD was reported as grams per square centimeter.

Lifestyle factors
Assessment of food and nutrient iniakes

Dietary habits during the past month were assessed with a
validated, self-administered Diet History Questionnaire
(DHQ) [ . |, which was completed by each participant
at home and was checked by >2 dietitians. The DHQ is a
16-page structured questionnaire that consists of the fol-
lowing 7 sections: general dietary behavior, major cooking
methods, frequency of consumption of 6 alcoholic bever-
ages as well as their portion sizes, semi-quantitative fre-
quency of intake of 121 selected foods and nonalcoholic
beverage items, dietary supplements, frequency of con-
sumption of 19 staple foods (rice, bread, noodles, and other
wheat foods) and mise (fermented soybean paste) soup as
well as their amounts, and open-ended food items con-
sumed regularly (=1 time/week) not listed in the DHO.
The food and beverage items and portion sizes in the DHQ
were derived primarily from data in the National Nutrition
Survey of Japan and several recipe books on Japanese
dishes [ | Dietary intake of 147 food and beverage items,
energy, fat, total carbohydrate, alcohol, and dietary fiber
were caleulated by using an ad hoc computer algorithm
developed for the DHQ, which was based on the Standard
Tables of Food Composition in Japan [ L.

Information on dietary supplements and data from the
open-ended questionnaire items were not used for calcu-
lation of dietary intake. Detailed descriptions of the
methods used for calculating dietary intake and the validity
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of the DHQ were published elsewhere {1, ). Spearman’s
correlation coefficients between the DHQ and the 3vd
estimated dietary vecords were 0.48, 0.48, 0.55, and 0.48;
respectively, for energy, protein, fat; and carbohydrate in
47 women [ ] In addition, Pearson’s correlation coeffi-
ciesits between the DHQ and the 16th semi-weighed dietary
records were 0.32;.0.30, 0.52, 0,46, 0.43, 0.30, and 040,
respeciively, for emergy; protein, fat, carbohydrate, cal-
cium; phosphorus, and vitamin D in 92 women, with the
Spearman’s correlation coefficients being 0.39; 0.65, and
0.32, respectively, for fish, meats, and eggs (unpublished
observation, 8. Sasaki; 2006). For analysis of intake levels,
we used energy-adjusted values, i.e.; percentage of energy
accounted for by protein, fat, and carbohydrate; and
amount: per 1000 keal of energy for other nutrients and
foods:

Assessment of physical activity

JALSPAQ  Information about the subjects’ participation
in exercises, household activities, walking and cyeling for
transportation, as well as their occupational type were
assessed ‘with ‘a self-administered Japan Arteriosclerosis
Longitudinal .- Study - Physical . Activity . Questionnaire
(JALSPAQ). JALSPAQ is a 2-page structured question-
naire that consists of the following five activities and four
additional questions: sleep, work related activities, travel-
ing to and from places (walking and cycling), housework
(cooking, laundry, cleaning, caring for one’s children and
elderly); exercise and non-exercise leisure time activities.
Data on leisure time activities were collected from free-
response items. Questions included: (1) exercise duration
per session; (2) frequency of sessions per month; and (3)
intensity of sessions. Activities were coded with the
Compendium of Physical Activity [, _ |, which reflects
the type and MET intensity of each activity.
Summary estimates of physical activity energy expen-
diture were calculated in terms of standard metabolic
equivalents (METs) as MET-hours/day. MET values were
obtained by multiplying the hours spent on each of the
categories evaluated and the products surmed to give ki-
localories per kilogram per day. Total energy expenditure
was estimated as the sum of energy expended in the 5
activity categories. The validity of the JALSPAQ was
assessed using & sample of 271 volunteers. The correlation
between the 24-h physical activity reported and that
repotted on the JALSPAQ was 0.36 in men and 0.38 in
women. The correlation between the values registered by
the uni-axial accelerometer and those reported on the
JALSPAQ was 0.38 in men and 0.38 in women.

fasy

Accelerometer  Lifecorder EX, a uniaxial accelerometer
(Suzuken Co. Ltd, Nagoya, Japan), measures acceleration
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in the vertical divection. The accelerometer was desigied (o
detect movemenis of the body trunk by being attached to
the waist, and to recoid the number of steps taken and the
intensity of physical activity registered on a unique scale of
1-9 at 4-s intervals. Detailed descriptions of the algorithm
used for calculating TEE and the validity of the Lifecorder
have been published elsewhere [ ]

Assessment of exposure to. sunlight

The estimated duration of exposure to sunlight was . cal-
culated based on the following information obtained from
the JALSPAQ: time spent on traveling to and from places
(i.e., to -work, for.shopping) and outdoor leisure time
activities considered to involve exposure to sunlight.

Statistical analysis

Continuous variables were expressed as a mean and SD to
describe the status of the participants. To evaluate the
relationship between serum 25(0OH)D, intact PTH concen-
trations and the Iumbar spine (1.2-1.4) BMD, Wilcoxon's
rank sum test was used. The participants were then divided
into four groups by median values for serum 25(0OH)D and
intact PTH concentrations. All continuous variables of
interest (background information;. physical activity, and
nutrient intake) were analyzed for correlation with serum
25(0H)D concentrations, using Spearman’s rank correlation
coefficient and stepwise multiple regression analysis. All
statistical analyses were petformed by using the JMP
(Japanese version 5.1.2, SAS Institute, Cary, NC).

Results

The participant characteristics are presented in Table .
The serum calcium concentration was significantly posi-
tively correlated with the serum 25(0OH)D concentration
(Spearman; r = 0.23, P < 0.001), and was also inversely
correlated with the serum intact PTH concentration
(Spearman; r = -0.21, P = 0.001,). The serum 25(0OH)D
and intact PTH concenirations were significantly inversely
correlated (Spearman; r = -0.17, P = 0006, Fig. ).
Other background characteristics (age, birth weight, age at
menarche, and BMI) were not correlated with 25(0H)D or
intact PTH. Seventy-six participants were found to com-
prise the group showing the high 25(0H)D (=median of
18.0 ng/mL) and low intact PTH (<median of 40.3 pg/mL)
concentrations, and were considered to combine the most
appropriate conditions. The lumbar spine BMD was sig-
nificantly higher in the high 25(0H)D and low intact P1H
group (n = 76, mean + SD = 1.02 & 0.10 g/cm®) than
the other group (n = 198, 0.99 £ 0.11 glem?*: Wilcoxon,
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Table 1. Basic characteristics of the pasticipants®

Trem Value Range
Age(y) 206+ 14 19-25
Birth weight (g) 3143.2 4+ 4465 18004800
Age at menarche (y) 120+ 13 9-17
BMI (kg/m?) 212427 152-31.2
BMD (g/em?)

Lumbar spine (1.2-14) 1.00 £ 0.11 0,74-1.30
Total proximal femur 090 £+ 0.10 .+ 0.63=1.24
Intact parathyroid hormone (pg/mlL) 40.5'+11.6 15.0-71.1
25(0H)D (ng/mL) 187 £ 438 5.8-32.3

T All values are mean = SD; range in parentheses. n = 274 except
for birth weight (n =:261) and age at menarche (n = 272)

BMD bone mineral density, 25(0H)D 25-hydroxyvitamin D

P = 0.038). The same results observed in the hip BMD
(0.92 £ 0.10 vs. 0.89 & 0.10 glem?, P = 0.049). Age,
BMI, serum phosphorus, serum bone metabolic markers,
birth information and age at menarche were not signifi-
cantly different between the two groups (P > 0.05).
Analysis of the values for lifestyle factors is shown in
Table . To exclude the influence of intake volume, nutri-
tional intake values were stratified by total consumption

25(QHD (ng/ml)

0 20 40 60 80
intact-PTH (pg/ml)

Fig. 1 The relationship between the seruni-intact PTH and 25(OH)D
concentrations: The serum. intact PTH and: 25(OH)D  concentrations
were: significantly - inversely. correlated - (Spearman; - r = ~0.17,
P =0.006)

calories. The mean daily energy expenditure as calculated
from the JALSPAQ questionnaire was 1786.8 4= 300.7 kcal,
and ‘was found to be consistent with-the accelerometer
values.

Of the nutrients examined, vitamin B (including sup-
plements) and fish showed a significant correlation with the

Table 2 Daily nuttient intake

and physical activity liem

Value Range

Energy, and selected nufrient and food intakes assessed by the DHQ

Energy (kecal/day) 18634 .+ 6293 685.9-6134.3
Proteins (% of energy) 13.4+24 4.3-21.7
Fat (% of energy) 289 £ 6.0 12.8-46.5
Carbohydrates (% of energy) 54.5 £ 69 15.0-80.2
Caleium (mg/1000 keal) 4241 +2079 76.9-1508.1
Vitamin D (ug/1000 keal) 99 +6.7 04-46.4
Fish (g/1000 keal) 46.0 = 36.7 0-2793
All values are mean & SD; Egg (/1000 keal) 200 £ 156 0-111.2
n= 12?4 except for o il Physical activity
f;;: zﬁ)::z?én('(’”"___ 27:),;) ay As assessed by the JALSPAQ
DHO the Diet History Total energy expenditure (METs-h/day) 333 +2.6 29.1-48.3
Questionnaire, JALSPAQ the Sleep (h) 64+ 12 4.0-12.0
Physical Activity Questionnaire School curriculum (h) 51+£13 0-10.7
?‘}; fgliggﬁgi ﬁz@msel&msxs Traveling to and from places (h) 12+08 02-4.5
® Lifecorder EX, a uniaxial Housework (h) 0.8+ 07 0-3.6
accelerometry sensor by Exercise (h) 0.1+02 0-1.5
Suzuken Co.; Lid Leisure (h) 04408 0-4.9
Y Duration of exposure to ' Sedentary activity (h) 10,0 £ 2.1 31173
sunlight was caleulated from the As assessed by the accelerometer”
ggff;‘;“s‘;ae‘;f;isg;ﬁza ;‘t’:’ﬁ Total energy expenditure (kcal/day) 18204 + 1710 1364.0-2300.0
from places (e, to work, for Energy expenditure for exercise (kcal/day) 2223+ 758 56.0-497.0
shopping), outdoor leisure time Steps (steps/day) 8839.5 4-2638.8 2273-18022
f‘CﬁViffes cousidered as Exposure to sunlight® (h/day) 12408 0.17-4.5
involving exposure to sunlight
&) Springer
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serum 25(0H)D concentration (P < 0.05; Table ). The
mean intake of vitamin D was significantly correlated with
the intake of fish (Spearman; r = 0.74, P < 0.001).

Of the items examined for physical activity, the mean
daily energy expenditure on exercise and the number of
steps taken per day as calculated based on the accelerom-
eter were significanily associated with the serum 25(0OH)D
concentration. Analysis of the daily time allocation showed
that the mean time spent in sedentary activity was nega-
tively correlated with the serum 25(OH)D conceniration.

The estimated duration of exposure to sunlight as calcu-
lated from the time spent on outdoor activities showed no
significant  association with the serum 25(0OH)D
concentration.

The vitamin D intake, the steps taken per day and the
time spent in sedentary activity were chosen for stepwise

Table 3 Correlation coefficients () for serum 25(OH)D levels versus
lifestyle factors

Variable r B

Selected nutrient and food intakes assessed by the DHQ

Calcium (mg/1000 keal) 0.11 0.077
Vitamin D (pg/1000 kcal) 0.20 0.001
Fish (mg/kcal) 0.18 0.002
Egg (/1000 keal) 0.07 0.249
Physical activity
As assessed by the JALSPAQ
Total energy expenditure (METs-h/day) 0.08 0.164
Sedentary activity (h) -0.14 0.018
As assessed by the accelerometer®
Total energy expenditure (kcal/day) 0.07 0.265
Energy expenditure for exercise (kcal/day) 0.15 0.016
Steps (steps/day) 0.16 0.009
Exposure to sunlight* (h/day) 0.04 0.487

Spearman’s rank correlation coefficient

DHQ Diet History Questionnaire, JALSPAQ the Physical Activity
Questionnaire by the Japan Arteriosclerosis Longitudinal Study

 Duration of exposure to sunlight was calculated from the ques-
tionnaire responses: amount of time spent on traveling to and from
places (i.e., to work, for shopping), outdoor leisure time activities
considered to involve exposure to sunlight

Table 4 Lifestyle factors showing significant correlation to serum
25(0H)D

Variable Parameter Standard P R*  Model
estimate  estimate R?
Vitamin D 0.258 3724  0.001 0.037 0.084
(1g/1000 kcal)
Steps (numbet/day) 0.000 2,147  0.010 0.024

Sedentary activity (h) —0.287  -2.039  0.038 0.015

Stepwise multiple regression analysis
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muliiple regression analysis, with the 25(OH)D concen-
tration as the outcome variable (P < 0.05). As a sesult,
each of these factors was found to significantly impact the
25(0H)D concentration (Table ), while the r values were
small.

Discussion

Vitamin D and PTH have an important role in controlling
the plasma calcium concentration. Any fall in the ionized
calcium concentration is detected by the calcium receptor
of the parathyroid gland, followed by the secretion of PTH
by the parathyroid gland. PTH then activates vitamin D
production, which in turn promotes calcium absorption
from the intestines, increases bone resorption by the
osteoclasts and compensates for the plasma calcium con-
centration which is accompanied by the reduction of cal-
cium accumulated in the bone [ .

Insufficient intake of vitamin D is known to cause
untoward conditions, such as secondary hyperparathyroid-
ism and decreased BMD [-], and vitamin D deficiency is
known to be a significant risk factor for osteoporosis and
secondary hyperparathyroidism. Vitamin D, as it results
from both cutaneous production and from dietary intake,
reflects the conditions of daily living. Around 80-90% of
(the precursor of) vitamin D is absorbed through the
intestines or produced at the skin through exposure to
sunlight, becoming a biologically active hormone after
hydration [ = ]. It is thus recommended that hands, face and
arms, or arms and legs, be exposed to sunlight for a period
equal to 25% of the time required to cause a light pinkness
to the skin [ ]. Vitamin D intake varies from country to
country [ -]. The standard value recommended for intake
of dietary vitamin D is 5 pg for 15-18-year-olds in Japan.

Serum 25(0OH)D concentration is the best clinical indi-
cator of the vitamin D concentration in blood. The serum
25(0OH)D concentration is lower in the elderly [ «, 1,
lower in women than in men [ ] and lower in winter than
in the other seasons [ , ]. Low concentrations of
25(0OH)D, defined as below 25 nmol/L, lead to an increase
in the serum PTH concentration and to increased bone
resorption [ ]. Insufficiency of 25(OH)D in youth is asso-
ciated with low BMD of the forearm [ ] and hampers
acquisition of maximum peak bone mass at the lumbar
spine [ ]. In addition, it is reported in a study evaluating
BMD of the calcaneus that low levels of 25(0OH)D may
adversely affect bone strength [ . ].

In this study, we measured serum 25(OH)D levels using
Nichols Advantage CLPBA. It detects serum 25(0H)D2
with much less sensitivity than serum 25(0H)D3. In Japan,
vitamin D2 preparations are not prescribed for patients and
vitamin D2 supplements are less used. Furthermore, we had
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reported that the ratio of 25(CH)D2 to total serum
25(0OH)D in Japanese was exivemely small [ ]. Therefore,
there is no doubt that the 25(OH)D2 levels as measured on
the Nichols Advantage did not affect our study resulis.

We investigated the association between serum 25(0H)D,
intact PTH levels and BMD. The serum 25(0OH)D concen-
tration is negatively correlated with intact PTH. The low
intact PTH and high 25(0H)D group showed higher serum
calcium concentrations and BMD than the other group.
Background data including age, BMI, serum parameters and
birth information were not significantly different between
the two groups. High 25(OH)D levels were assumed to
control the intact PTH level, and to contribute toward an
increase in calcium absorption and, consequently, in BMD.

Analysis of the lifestyle factors showed that exposure to
sunlight had no impact on serum 25(OH)D. Previous study
reports indicated positive correlation between sunlight
exposure and serum 25(0OH)D [ ©,  ]. But this study
indicated no correlation between them. We estimated the
reasons for this discrepancy as follows. First, the amount of
vitamin D synthesis by sunlight reaches the upper limit of
normal in Tokyo, at 35° north latitude [ ' ]. Furthermore,
Hollis et al. reported that an adequate UVB exposure level
(18-20 mJ/cmz) in sunlight to induce pre-vitamin D on the
epithelium is not generally reached during winter in the
northern United States above latitude 40° [ ]. Second, the
measurement of sunlight exposure time may have some
methodological problems. However, our results showing
no association between the estimated time of exposure to
sunlight and the serum 25(0H)D level did not contradict
the positive correlation between sunlight exposure and
serum 25(OH)D. Landin-Wilhelmsen et al. have reported
that physical activities are often associated with being
outdoors, and active individuals should therefore have a
better chance of having sun exposure [ ]. On the contrary,
our study showed that there was no significant correlation
between sunlight exposure and serum 25(0OH)D levels. We
might speculate that our participants may have applied
some ultraviolet protection cosmetics when they exercised,
though we did not check on it. That’s likely the reason why
only physical activities correlated with 25(0OH)D.

Dietary intake of vitamin D (including supplements) and
fish had an impact on serum 25(0OH)D (Table ). The
participants consumed 56.9 4 45.4 g of fish per day, which
was found to be significantly correlated with vitamin D.
The steps taken per day or energy expenditure on exercise
had a positive impact, while the time spent in sedentary
activity (watching TV, playing computer games) had a
negative impact on serum 25(OH)D, suggesting that
physical activity acted in an additive manner with vitamin
D intake in Japanese young women. Although there have
been reports showing correlation between physical activity
and serum 25(CH)D [ , ], the present study was too small

to draw any conclusion in this regard. Calcium is the most
abundant of minerals available in the human body, of
which 99% is found in bone with the rest in blood and
muscle. Vitamin D participates in the contraction of muscle
and is known to maintain myodynamia by transporting
calcium from bone to muscle when it is calcium-deficient.
Moreover, Kwon et al. reported that concomitant low
serum albumin and vitamin D levels are associated with
decreased muscle strength and balancing capability in
elderly people [ ]

The present study had several limitations. First, this
cohort study was confined in geographical coverage to
Tokyo only. Therefore, the distribution of the research
parameter sunlight exposure could have been narrow.
Second, participants were only students or nurses by
occupation, possibly suggesting a similar lifestyle pattern
among the participants. And third, since sunlight exposure
was estimated from the JALSPAQ, the use of ultraviolet
protection cosmetics was not able to be ruled out.

However, this is the first report investigating the asso-
ciation between the impact of lifestyle factors and serum
25(0OH)D levels in Japanese young women which appears
to partially explain the correlation between the steps taken
per day and the serum 25(OH)D level. Further research is
needed to verify the reported correlation between physical
activity and serum 25(0OH)D.

In conclusion, the serum 25(OH)D concentration was
positively affected by dietary vitamin D or fish intake and
the mean steps taken per day or energy expenditure on
exercise, and was negatively affected by the time spent in
sedentary activity. These findings may suggest that lifestyle
modification at an early age may contribute to preventing
osteoporosis or frailty in later years.
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Vitamin D and Octeoporosis

Naoko Tsugawa, Toshio Okane

Depariment of Hygienic Sciences, Kobe Pharmaceutical University,
1-19-1, Motoyamakita-machi, Higashinada-ku, Kobe 658-8558, Japan

Vitamin D plays an important role in regulation of calcium homeostasis and bone metabolisni. Among
vitamin D metabolites, serum 25-hydroxyvitamin D (25-D) concentration is 2 best indicator to assess the
vitamin D status. It is known that a mild decrease of serum 25-D concentraion (vitamin D insufficiency)
leads to secondary hyperparathyroidism, which has a negative effect on bone metabolism in the elderly,
Therefore, vitamin D insufficiency is thought to be one of the risk factors of osteoporosis. Vitamin D
insufficiency is commonly observed in the world. In Japan, we have also confirmed that around half of
elderly women were in vitamin D insufficient. Recently, several meta-analysis about vitamin D
supplementation to prevent fracture and bone loss in elderly people have been reported. In the present review,
current epidemiological studies about vitamin D status and prevention of osicoporosis, and requirement of
vitamin D to prevent osteoporosis would be discussed.

Key words: vitamin D, 25-hydroxyvitamin D, osteoporosis, insufficiency, fracture
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HAMICATOIEEEICREL TS, MELEFEER
BEIENTWB Y 5l BIRFHICBIT A XKEELR VD
NABBRPHABECER SN, ToEDEIFTEHS
TECVE LAL, O ECREEE VO OSHBE
%ﬁ@ﬁmﬁ%(&cﬂfm5%®®,£%ﬂgy\

B (Native VD) O & MEETF R % 0T 50 AR
m;&t%ﬁ ef BREVLEMAEILZLERLTY

BIRIMEVZ D, AETHE VDRELBMBETHICE
7% JE%H%@ % FPRARHEBNABRBRIIER S TCT

OPELZS FITBLBEEI 2V TR L2,

SHSREOREEEREEL43 2D

BHREEREERIIRD L CH O#@ﬁﬁk“ﬁén
B, T0) LHREROKEB L UEREICL AL
BRTHERAZEIRLZY,. BITHEHRELEOW
WEECHD, BEEHCR L THRERERAICEETS
Eﬂ%‘"”" MBI E EEM (s U L) CBET A EASE

RECTEENS, BEROI A ROy VAT I
.«L_J\;%.?:f IR EFER L, EhbIMHf~0 Co BEEIHE
W3 AC &l & b BRI & VT & (Paathyroid | hormone
CPTH) EA - SWAOEIRIE NS PTHOETIE, Bl
Bi3A 125V FRXYEY 2V D125-D) OEERTF
rEEL, A BB AN T A (Ca) BINOIE
TlelkoTCanz Yy RFRAIELCE RS DL
REEm L, M CaBEIRKEICET L, PTH
al;u@%%@é FERNEsHIENET A EARE

EEHE CEVDAEROEEFE <, VDAEL EME
EERETFE L THEzLRTVE YY) F- *‘*’s‘ﬁ‘rﬁm 7»‘3‘

T5CaBE Uvn%"%&*ﬁ%kﬁ%?%%ﬁo, TEENTCU,
%gﬁz/}#z LuBHEEE G VD OBBIErSL
CEBRENTWEILEED Y VDREOHENEME
EFHOBELNED—DThrEEI LA

2. EASCDAEDBEEMP25-E FO*
YEA2X 2 DEE

BEEVD AL VEEE TEAR SN VD RET
250 Fusy ey I vypn@sD e, MkE VDES
FUNRGBLEE LR TEZICEEYT S Thwx,
ME25DREE VD OREREES SR (Y 555
LA VDOXREAR. $LbbIB5DEED
BErABNCEEERTICEES A EPRESHTY
599 25D IR EEERIE CEENICIE Ca (LR
BEMEZIIEAET S ki, M 25D BEETFICHE
AMMOEREFPERHCEETLEZLND. 20
PO L, BIEELLORMRI5DIEERTICED
MEPTHEED LR cH 7Y I 25-DEE L PTH
BESEEETAEHIIOVLTEHBALATCIER VA VD
TROFHEESEEZMB25DIEEE, DEBEO VDA
2550 amol/L (12-20ng/mb), 2) HEEO VD AR

rLJ ? ”F_‘a‘lb\/\

(Ko
12,525 nmol/L (5= 12 ngfmk.); "3) 1B & @ VD TE(VD
RZ) 1125 nmol/L =% (5 ng/mL) ® 3 BEIZS T 515,
InHDEETOMLRPTH z‘%:éf%@i:ﬁz‘é&i, o (k{8
15%5R0, 15-30%, 30%LlEssha” —Fic, VD
BRE L b'\‘é% TO L 25-D i B 50 amol/L (20 ng/
mL) & A, MiPTHEEZ HAICERLEE A
VBRI 2SDEEIZSS51I28 . 7580 nmol/L B
(‘é%k@ﬁ%ﬁ:%g)7mn' -

=5, BEEETAEHRTH LERIMIF 25-DREL
LT 80-100 nmol/'L(B’-—w nﬁmLH‘)*' BTHBHEDH
L0 5 PIW - National Health and Nufrition Examination

Survey HI T RBEESHE 02252 EA X E272512 80
nmol/L (32 ng/ml) BLE D 23D 2R B L O B
005 EDBHTFHICLES 505D z;fzf;:c_é%“b

EMBEREMTE, 50 -80nmaiL 2032 ng/ml) QFIFT
HEZEMBEREINL T S ND IR EE LD
RS D, M 25-DEF E20 ng/ml) LLETH
TREROFEED S0 amol L= ' ‘I,J\Tﬁgkm‘/’k
DMENH BT i s Rk,
Llps%‘”’&i?AXTJ s -*“'”‘:Fi‘}ﬁi%ﬁﬁ*‘ﬁé
ROERE 13194 s‘iza Z. 676 %) R RRIC,
mp PTH IR, &8 FATFEAN S F
TEVETY Iy EBEOBLEREC

VDULEEOMEY LG CEEL VA D
FHHECH, f’\éf‘*ﬁﬁ ET LM -DIEE
SeRIBELLICES

<m ‘

“VDOLEZE ]
{40 amol/L (16 ng/mi EELAEER S0
amol/L (20 np/mL) . & T 2ELicH a6
nmol/L Q4 ng/ml) CH A T PTH BRI, MW 25D
EED 100 amol/L (40 el L =05 72 b—lca bl
W 50-100 nmol/L 20— 25 naml OB CHENIC
M PTHRESETF T 2 = —3> &, EHME VD
GEEE LT3 25D 100 nmel/L (20~ 40
ngml) T80 A bEBRShTY
A,

3. B4 DREOEE

HERHCbEREO U FEW T AAT
W& A ak— b 1310.?3. As—s3 ¥ T, 25mnoI/L(10
ng/mL) & ¢ 11.5%. S0emoll ﬂnc/mL) i 1 48.4%,
75 nmol/L, (30 ng/mL) 551E | 824% . 75 amol/L (.:0 ng/mL)
PEi176% Chh, — - VD TR OTEIE 50 nmol/L (20

ng/ml) 2HEICEZ 52 T 7 Y ORBEORFEE
VD RREREILHL S = n e glLickem
BEMENLCEL LT =EZ EREONDR 25-D
BEAMizE LR, IR 5D EEORLERVTR
b 50 nmol/L (20 ngmL BE T, R-ldEEKREVT
NOEREBLTHEELEEVDARBE LS Y,
—F BMBREREEETAENBEELLVBARD
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BEECALRE KEGFHEBEREE O 1.6%9°50
w0l (30 wg/nl) SR TH B 2, H BT T5% 0 50 nrel/L
(20 ng/mL) SR3H, A2 68% H% 30 nmol/L (12 ng/ml) SR T
Hobwny™ Tl EAEBRBEETE, 39%2°30
nol/L (12 ng/mL) R TH o729, MH 25D IBEEA 25
nmol/L (12 ng/l) RGO VD AROERER, FBHICH~ST
EMOEIPED 0, TECBWTIFIC VD SR
CEETALERSH L. HRAOFAETE MRAESE
EOMAF 25D BEERBICEFY 2 ogmL EETH -
B ZoNEEI, 2005 FRASENEARHEETH
5 5ugd® VD (EBICEES) S OENE 7.5 ug/d L6
T 123 pg/d IR & 200 mg/d @ Ca % 30 HE B
LTd, mMA2B-DEREE 4T agmL EEZTLALEA
Lol $/, REEEHLHFE S L EINERO
B TEREOMS 25-DRELFNI2L 25, FEIN
BB (n=35) DT 18,663 ng/mL THo7-DIX L, B
EEOBEEQ=72) TiXo1+46ngml T, £H D750
nmol/L (20 ng/mL) i TdH 5 7z (p<0.0001) .

4. E43 2 DAARRD A 2R

VD HRPERTHICEN TH LBV, ¥
Y UDHMTHENHLETALD, VD E CaOEH
CLPEENEWET AL EREHRENHD.

Tang 5 N3, 50 EANRIC Ca BB AL VIE Ca b
VDRI LA BERL T RS2 VEERTFHHRES
AFEW L. COBRFTE 200EELAR (G
n=63,897) MR ELTCBN, 20 B 3AEHS Cat
VD BEERTH L. Tz T ORATICIE VD BEHEE AR
BiISInTtuwiy, Cafiffi=ld 200-1,600 mg/d TH 0,
FELTCI000 mgd AL Ahbns. —H CabBERY
5 VD HAEIL 200800 U/ T COEE CTh o7z, &
LT CaBhavECIVDERERBERSEAERL
EFSE Blrsonblboar 7547 v AR %
PRSE LAaBA I B EROMNERE Relative risk ©

Y43 vD L BERE 653

ST A

Ca B A VL Car VR HHRICE BB A7 &
PRI, SEATIRERE O Co BB RE (700 mp/d 555)
DHEEOIEIPBEONEZ LY IFBECEY, BHE
ANDEE, Fi Ca B 137500 — 600 mg/d B # CT700
mg/d RMOF G 75%Cb Lo &b, BEALLS
TOCa, VDR OEER L HER I CoNLERENA
B, =75, M 25D B EEE (<25 nmol/L (10 ngfnl) )
ONBEEFEIIHT LY A7 BRYDZERR=086TH D, 25
omol/L M EOHEED RR=094 ICHRTEVIELRT
BRI AONLN, BEREZBAIALEBEL PO
($p=0.06).

CaFih & 1200 mg/d LI E (RR=0.8) OXEEH i, Th
EROMWEE RR=094) ONBREICHNTHEBFEI
B (p=0.006) . %72, VDHEFEE 800 IU/dLLE (RR=0.84)
DN ZFIE, 800 1U/d R (RR=0.87) OFF SHICHAT
YZZBRBROERELTHALOOFEILHEI B
(p=003). — 7, CaBHIRAL Ca+VDHRBRICE
IAHEWI A RBRIER B L LS, Ca TR
RR=09, Ca+ VDI TIZIRR=087 £ %Y, VD 2 0f
BeaLENMIIAZERETALODZOEZIEET
ok (p=063). SOIEDS, HSIECa Mkl
MzzVvDOREBILRGE TV EERNTTYS £
7=, Chochrane library L ¥ 2 — 2B W T H EFRIC VD BEIR
BERERTHRRE2HFC ARV ERRES Y
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BRFHNRLEETALEISPHEIREN VAL
A ThHAH, Tang bAFBHRIOBTHEBL B LI,
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RR=0.76) & KWIEE (50— 69% T RR=0.92 —0.96) CILHH
LAY AZRENEGERD. ZOZEAh, Callll
BEXOVDEERBIBYAQ Y T T4 T v Ak IS
BT LRETHEY, INCBT AR TLILCR
v F7:, VD EEHRICEY 5RRT - YATRELT

F1 BERBLCBY S AFATEDMS 25D IREOSH

Vmﬁ: 25-DIEE

Nk g 4

HIE 25-D RS

FEs (nmol/L)

50 50 nmol/L /R

pgrmee 0 1 5 10025 75 90 95 99 100 Lo uy oy gL
12-14/ 197 555+149 96 27 36 37 44 55 65 75 8 98 101 39%
15-18%8 521 S17£176 14 21 26 31 39 49 63 76 83 9% 106 51%
19208 319 465%127 8 20 27 32 38 45 S4 63 68 79 98 63%
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A 25-D 32 (nreol/L)
= HEmEmEE N ) _ Yotk A i A T (SD) &5V (ERD
oo (BERE) = ITGA Ty A (%) T (SD) (A AR b I X RO
n=illE " B
86:1 (5 BIARA
() Lyonsefal 3,440 I 800 TU(106,000 TU/ 5 F) 84 (3) S WrBHY T+ 547w~
(2007) (@124 %W 716551 ve 7T EHF, 80% Y O—-79 7k Ty7H
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SN B B2 10,000 10/ 8, D1 D,
@) th‘gé; a 6(%;3 Sl 1) 100010+ Ca600 me 83 (8) 24 ND ND
B : vs 77 A+ Ca6l0mg, 77%
; 354(18.4) ~
Pleiferetal 942 Dy 800 U + Ca 1000 m, 12-8 84:5(18.0) 53.8(18.5)
3) g 77(4) 7ium— 56.6 (20)
(2008) (49% %) v§ 777 B R +Ca 1000 mg, 80% .};{_ oAz aHEB :
, 7.7 12588
n=742
74.3420.7)
@ Trivedi et al -~ 2,686 T 800 TU (D5 100,000 1U/4 # B) 75 (5) 50 48+ B8 534 (21.1)
(2003) (2,037 B4, 649 i) vs 751K, 80% : JEU=7y7 48 »HH
EEy 2 n=238
213 (133) =
(5) Chapuy et al 583 £k D3 800 1U +Cal200 mg 85 (7) 24 Z:;(l;Dg ?2?1\5113;3) -
(2002) e vs. 77K, 95% - e 5 45) 247 HB
i @By 7h)
n=383
17 261
) Meyeretal 1144 Ds 400 1U (&= i) 85 (7) 54 6421 i; 833
(2002) (858 L, 286 BlE) ve Dy BERO ¥ FHFH. 95% : 1288 2 rHE
n=63
237 136 =
. e 62—
Pheifer ef al ; D: 800 1U + Ca 1200 mg 2 (1066113301
@) (2000) 137 &it vs 1200 mg calciom,  96% 7441) GEMiE) 2788 fz;f }%3 él)
=137 o
765 37.0 = i
() Dawson-Tlughes 389 Ds 700 [U + Ca 500 mg " 12368 Z,? 23(33'3)5)
eral (1997) (13 &M, 176 BH) vs 75 €K 93% 36 -EH Lo
S %7 BH
n=313
2719:36) =
(9) Livsel al = 2,578 D3 40010 50.(6) war o $52-79) gg 83?3
£1996) (1916 i, 662 B 1E) va 77 bK, 85% T s HB B
127R8
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40(27:5) =
325(225) —
Chapuy et al - D3 800 1U + Ca 1200 mg 106.(22.5)
10) (1954) 2,303 & v TTEE 83% 84(6) 36 13 5 A B 27.5 (17.5)
18+ BB
n=52
38(16) — Sy
Granteral 5202 13 800 1U +Ca 1000 g, : 24 : 62 62(19.5) 38(16)
(11) (2005) (rag1 #cte g1 B 7S D800 1U D&, 77(6)" - median:35, 25 AE 43.6(16)
? ' 47% (24 » A B) IQR:37-52 460 12088
Dnckson ot 22860 K, Ds 400 TU + Ca 1000 mg ﬁ;fﬂié
(12) a“(‘;ggé) C yTrN—F v 7L RCESDERE L i 84 (17) ND ND
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WBIED VDHRHRERET A DDA ZBIFE L
TREBEEICZ L, —F, Tag bEEERICEBEY
CaR VD ERDERIAZERMNEIBL 2D %R
LTHBH (50-69 B RR=0.97, 70—-T9 B RR=0.39, 80 %%
PLERR=0.76), BIHEOEHTFHICHEITS Cae VD &
BHROBERENRENTOL LHINTE 5.

IR EOHEE 3T Bischoff-Ferrari b @ X VD G
ZHubE LB PR 2T 5 720, BEEOR
WA =T Y b FATNERN U 12 OEEALILERER
EXRICAFEBIT T o/ (R2) . NEEE, FioHEsm
T8, 42,279 % (89%ATIE) TH Y, VD HWAE 1 400
WA HBCIXFRLTA 388 482770 1U/d 559 5B
THotz, VD & & BHI2500-1200 mg/d D Y7 4 (Ca)
B AT RS T 88D ), R 12-84 + B
EHHELLTWS, Choe2ToORBEEOTHET 5

YE32vp bR E 655

& VD IEFBIRICN T 5 vD W OIEREEIT O RR 13 0.86
(95% CI, 0.77-0.56) &2 Y, HELBEFFHEI T
Liatle. F7o, Qest PRV CERBMOME L HET 5
&, VDWREL Lo THRIEEND L L bz
(p=0.04). 22T, KHE400WARMN(FTaLy
Wi 72— ) O3 DOEER{LEREREE h=9,014) 72
ERFIT A L, RR I 1.02(95% CI, 0.92-1.15 ¢ Q-test
p=064) L&), ZOMHEBETRIFEEETHOY R 25
BLhols —F 40IUANEERHET 02008
BEEER (482770 1U/d n=33,265) DIBA Y7 RR 12 0.80
(95% €I, 0.72-0.89 ; Q-test 1 p=031) & 2 0, CTOHE
TRIFERETBINI A7 2 20% &R L2, 72 *%
JRAAT DR, VDG (9=0.003) 5 ViXimd 25D g
E (p=0.04) FEL 2B IE LB BINGAEZIZRIL
7o (B 1), VD+CafFRIBEL 75 L RBEA B L4 R
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THOYAZBEFEIZ21%TH Y, VD BT HEML
725 FER (VD B vs 7 b REES B0 IE VD Ca B
HvCa BBBEORE) COYRA7EBRELELEFED
U ThH-7 DEDIORFRE, FIELZ VD 2
Bl CaRBIIFBLTE VDI B EHETFERTH
FBEERLLVWIEZRBLTY S,

—F., RREHEELSWH AN E L254E, 400 1U/d R
W VR R 57285, 400 1U/d DL (482770
IU :'n=31,872) T4 RR=0.82(95% CI. 0.69—0.97, Q-test
p=0.18) L0, COHEO VD HEIEAREESERO
URAZ 2 18%ER S5 LM Sz

US Departrient of Health and Human Services (DHHS) 75,
2007 EEIER RS s VIS0 B LB TR RIC
BHIH T2 VDOFHMREASBER (CESHR IO
Bi, A=TVASF 1 38 n=58 1) Lickoaw,
BT 5 YDOY RAZBRBRORERAD sk h o7

T, MEEER

(¥yzrg3k

(RR0.90;95%CI, 0.81—1.02) . J 711 Booien & P @y A
T OBREFBRTH B, TABEA FIERIT S~
TYRFTALREDITETCVDRBEESLI T4
UADEBEGEEFTEY, ZOIENVDEENEEL E
;L HETBICE SRS E

Bischoff-Ferrari B P, 2005 €£I2d VD EBIFFRHIC

B9 5 X & i 2 4T BIEFB I 700 800 TU/d @ VD

WRAPLETH L LB RBLTWS, SHEORF R
BEMINA AT T A LS OOBERRBENAT
WED, LHOXYHROFE2 I BT aERELST
Va5 (20054 2.7 JE T 1 n=9.820, 2000 4 A & fRAT
1=42,279)..

5 BHERETFHICLEL VD ERE L EFEM
R 25-DigE

BRSNS L 910, VDG E & i 25-DBERE,

K3 BRFHOZOOEEMA 25D RELCOBREEERT BICHEL VD HILE

e B 25-D B @M 25-D IREERICHER VD BRE

nimol/l ng/ml, ugid 1u/d

Lips: 5 50 20 10-15 400-600

Holick & 15 30 25 1,000

Heaney H 8 32 40 1,600

Meunier & 75 30 20 800

Vieth & 70 28 25 1,000

Dawson-Hughes & 80 32 25 1,000

100

50

nER (0

X LO5IM, — U

10

100

1000 (y g/day)

2. VDENEBELBEBOFHICB M HEREHE
77, BRILEO TS TEMBETHIVEL VDEREEZ:. Ll 20
BHEHBII RSB LSRG VDL BB ST s na - bian
AR 100%BICE B R . (10 ug/d=4001U/Q)

ML DEIR, s
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FEMFHHEOBR,G, 25-D O EEZEESEVIE
ERELFUVHESEETEL oA B
Wil “*m AR BT 25-D J;';E‘: FOMBICLER
VDB EY 3@»"‘6’ B DGR ;’t, gz
BFB VD @ﬁ% HIEE (5 £ 5 1g/d=200 TU/Q) A

i{ﬁﬁ"ﬁsﬁ%{éy}lf:{ \é)@ /.» CHFEOREEER

BT 5170 1Z 10 ug/d (=400 TU/) 71 B DL B 1
]§ub/d(=bOOIU/Q) PFRESNTWE F 10F TR
HREFHOLDIES0RET i400 300 UM%, 505
J»J\_béio(}Q-—l{)@OEU/ci EHREELTCNE DY, 20U
RPERMEL WO VD REEDFHICLE f;svm:%ﬁz
g&, BHBETFR FICEH T ICBELR VDER
i BlzPiimensd k) lRenb, %Lmﬁm%@
mﬁﬁﬁfz I VD BIC L A VD RBEOUENVLE
k%z%

Bniic
EOETHEAR RSN L 5 % vD OEEA{LE

BRI EALCERSA TRV, B, 413 VD
NREOHHEABERALZ VDS0IU/M, Ca200mgld 1 &
ABEHET 5 VDAARBRET o228, ZO#E @

G RO I FR 25-D 3 24.3 £7.0 nmol/L, (9.7+2.8 ng/mL)
75%%& 48.3%10.3 nmoV/L (19341 ng/mL) IZAEIC L

AL72b00, HEEIZ 50 nmol/L 20 ng/mL) ISEEL %
Bo7z COMECTRERFTHIUREZRML v,

Pl L COBBECRBERFHIBAT9THEE
Bbnsd. 4% HEAAZAZRLLAERHO VDAAR
BeZll, BHRELENFHICBIIAHAAD VD
VEETHLMCL T ZEPEETH S,

(CFR 21,619 214)
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A Novel Evaluation Method Using Curvature Analysis for
Vitamin K Status in Adolescents

Naoko Tsugawa, et al.
Department of Hygienic Sciences, Kobe Pharmaceutical University, efc.

Low vitamin K status is associated with low BMD at the hip and spine in pre~ and

postmenopausal women.

We have reported that vitamin K status is associated with
vertebral fracture in.Japanese postmenopausal and elderly women.

However, reports

related to the association between vitamin K status and bone health in young people is
limited. Fracture incidence is not a useful measure to evaluate vitamin K status for bone

health in young people because fracture is rare in youth.

Therefore, we attempted to

establish a new evaluation method for vitamin K status in adolescents by a curvature analysis
using serum conceniration of undercarboxylated osteocalcin (ucOC) as a sensitive marker of

vitamin 1< insufficiency and deficiency in bone and vitamin K intake,

A total of 1,183

adolescents (aged 12-13 yrs, 15-16 yrs, and 17-18 yrs) had envolled m this study.  They
were defined as normal based on health history and questionnaire. Serum  ucOC
conceniration was measured with the electro chemiluminessence immunoassay.  Vitamin K
intake was evaluated by food frequency questionnaire.. Serum ucOC concentration was
significantly 2nd negatively correlated with vitamin K intalee in every age and gender,

although age and gender differences were observed in vcOC concentration.

Osteoporosis Joben  vol 28 #o. I 2010

To evaluate
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vitzmin X status, curvature analysis was performed in formula of non-Huear regression which
was obtained from vitamin K intzke and ucOC concenivation, and vitanun X intake which
reached 2 maximal curvature was evaluated as a cut-off value of vitamin K insufficiency in
bone. " As the results, 155~188 p g/day of vitamnin K intakes were obtained as cut=off values.
Adequate intake of the Dietary Reference Intakes in Japan is 75804 g/d or 60~65 1 g/d in
male or female adolescents, respectively, and these values were get with parameters of blood
coagulation. - Our findings suggest that the requirement of vitamin X in bone would be
higher than that in blood coagulation.
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