bOEKIRHS OE) »HMALL. L kBB
WoREHL, WMERE srTHEELL. S0t
L&l (pg/g dry weight) RUTFOLEBNTHS. +
VryafkA 47y Aay, 823 L Mk ar by
A3 b, 16T L rHlifk=>=d, 226: L 3
{ERERE, 1154,

EBRICHEHLARED L/ AEFT FA=2
(SeHL) TR PR EENELLHE» o0 SN d

DEWHLL, TOBRORBITHEOLDEH . T,

T/ MBRELETI AT I/ TN E 2 + EZ:
faast™ (Phenomenex #£, [E) (2Bt GLC (5(#) X b
WAL,

2. BHL7I/ MO

i b ZRRERE LA ORBHI DWW T i, MBI 100 mg
1250% =% /—A5mLEdMA, +ACEL®R &
LAELTHBREMEL, FHAORME L. MR
~ADEL OB (%) RUTFTOEBNTH, £
vilfb=v=%, 862 L >R{EA{ IV IS RT
S b, B09: L ML) as b e T3S b, 610,

L E LA AT - T, MR 100 mgE5 mL
OXBAKETIOmg® 705 7 — ¥ XIV¥ (Sigma-
Aldrich #. ®B) M TRE (B25C) T2ARND
AGRARET, ALAEL THEN ML SO
BB Lz o L OMIBEE 854% o7,

3 ¥y rCEBEELLT I/ MOBHE{E GC-MS

C& B84
AL 100 pL 127 3 /BT ¥+ Ch D EL  faast™
1.5

VTSR AR LT, GCMSHORRLENLZ,
GCMS OaHiRFEUTOEEY TH L., MB. Parvum
2 (Wi, %) . HF5 4, Zebron ZB-AAA (Phenomenex
. RBED  FrNTHR, AVY L ER 1] mL/min
HALEE, 250T : 27 A@E, 110~320T (30T /min #
W) iR, 74 BEHEAR, 2L £ CRE,
240C : A%+ Z§EM, 45~450m/z 1 ¥ 7 ¥ 7 HE,
35 scan/s.

4. HPLC-ICPMS (£ 394F

Daz kA2 MK E HPLCICPMS TA#H L.
EHahatL AW TRLEE L HrEfF
BFoksnThsb, #7 4, Develosil RP-Aqueous (¥F
HAE%®) : BEH, 01% kY 7 0ok OFERE : BREEAR,
20 0L : W%, 05mL/min : HINE, M ICPM-8500 : &
WMEME. 77.78,82.

HRLER

1. L MEASILA O L dib=2— )
T T2, HPLCICPMS £ Fiv =i ic Bw T3, &L
YHEHATL LI L Bk = 2hoEL ¥
DERLFTHA MeSec THAZ EHRERTWEYY,
FITHREBTIE, L BEHIAI 7Ly farbELy
Wlk=> =7 PHFETE L E 2 515 MeSec £ B
L, GCMSEHWTHETLZ L ERA.

Fig 113, EZ:faast™ % v THRMEAL L 22 MeSec, 1§
AL L Y RIEDATLEL TR TFY Ml
Wi, 355 0TSRRI L 24 L - 3k = > = 7 hihif

> (a)
2 5. 0
£ e.s-L‘
ao. T I L) T = T T T T T Ll T
15 2.0 2.5 3.0 35 40 45 50 5.5 6.0 65
15
g‘ 5.0 l (b)
2.5
= T [ g
1.5 2.0 2.5 3.0 35 4.0 45 5.0 5.5 6.0 65
1.5
£ 5.0 ©
[
E 267 l
0. 04 d 1$ A
1.5 2.0 2.5 3.0 3.5 40 4.5 5.0 5.5 6.0 65
Retention time (min)
Fig. 1 Gas chromatpgrams of derivatized Se hylselenocy (a), extact from selenium-enriched Kaiware radish sprouts

{b) and extract from selenium-enriched garlic bulb (c).

—=4\7—



DHFA2OT Y ILERLEGDTHS, Fig 1(a) 2R
T L5012, Bk MeSec DB BEITHETIV -2 IRR
BE M 287 DR BOH AN, ShizH LT, B8
BBV R I L a2 757 FHH@EE
L rl{b= =2 MilifEo o2 S5 4126, Figl(b)
BIF (¢) ®LIz, Bl MeSec DFEREKL [0 L{RIFH
MEFRTEGWOFENED s

Fig.2 id, Fig 1(b) k2w TRIIFM 287 FEmL21{L
HEWMOTARARY b EER MeSec DIEREDT A AN
2 hRERBLIELOTHE: BEOTAAAY FIiLIE
[Z—F LTz 72, Fig 1lc)icBvTHRIFEFM 287 4
ERLEEEWMLEEEAMOTRAAARY FAUEFELE
(F—288).

KRS 2R LHET LML RE Ly ORERNE

YT Do ZOPT™Se, ®Se, "Se D3 oICHHT DL,

FTNEDOEBRIZBIZFEL (PSe: ¥Se: ¥Se) 122:4:1
EHEBLTWS, CcOZkR, TAANRY PAEBVT
m=2 m m+2m/z OEP2: 4l BRTHFA 42—
IRTIFITRA A FPE—2HHETRIE., TOLEW
ML rEEHTLTRENSRCC EERRT S, FER
THWAT I /B * PEAVWAE, Fig 2L
MO LI, TI/BOTI / EFAVEFL o
b, #AHFINERTOENMEINEOT, BREOT
TRt 0TI /BING 1280t 5. Fig2(a) 81
U (b) 12id, WAL MeSee (CyHaONSe) Do+ 1 4
SoHET 5309, 311, 313 m/z, B L UHEED S A K

v 7o0enE (CGHCOO) MloEkhf72542 0}
AF7ICHETL22 224, 226 m/z v b$2:4:
1OTBHENS, £/, MiICbm-2 m m+2m/z
DHED2:4:1 LlraTud{ =280 DDFETE
LTEN, ChbiZBBH{EMeSech = RAAAY P LOAE
LHMEVAL MEnZ kdhs, Fglh) 8L &) T
B 6 i IR 287 FE AT LAWITEA (L MeSec
Thh, tLyBEAATILITATRATSObELLZ
di{b= =27 iz MeSec DTFHET S &L & GCMS & A
WTHHTELEELL,

2. L M{LER

£{OMBICE-T, L R{ERBPOLL > OFF
BoirAiRelL s 2FF =2 (SeM) THOIZ LMW
HEPEERTVWEY. T TEERTIE £ L X
HAETHLEZHND SeM LB ELE. GC-MS £ Aw
THETHZEERAL,

Fig.3 &, EZ:faast™ 2 MW CHEREIEL 2 SeM, BE
USSR bR Lt L Aoy azox b
FIAEFRLELOTH S, Fig 3(a) WRTEIE B
ift SeM OISRz iRt L — 2 L REEEM 323 T
Sz, ShizHLT, L sa{bMmbigo >
o b ZFAIZ4, Figd(b) ©F iz, ik MeSec O
WAk L W LRSS RT SRR N,

Fig 41, Fig 3 (b) TH® SN/ 4RI80EM 323 5% %
TUEWOTAAAZ PALEME SeM OFBEL LR L

?h
%

] T Se

m_

so- H7C300C —HN— CH — COOC3H7
o 224

20 { 8 3

ol Ll . e

50.0 75.0 100.0 1250 150.0 1750 200.0 2250 250.0 2750 300.0 325.0

%

3 14 138
!00_ (b)
so-

60 13 193 4

] 166

407 85 85 174 #

20 l

0: T — i

50.0 750 100.0 1250 150.0 1750 200.0 2250 250.0 2750 300.0 3250
m/z

Fig. 2 Mass spectrums of derivatized Se-methylselenocysteine (a) and unknown compound contained in extract from

selenium-enriched Kaiware radish sprouts (b).

— 418 —



ZLDTHS. MEDTAARZ PrRIREZ—RL T,
ECIT, BME{E MeSee (CuHaONSe) 5T 4 F i
MM+ 5 323, 325, 32T m/z, 797 2 ¥ b CHsSeCH; 2
i+ 2107, 109, 11l m/2z, 792 2~ b CH,SeCH:.CH;
LHET 121, 123, 1286 m/z R DL L A{LHEWOL
MERTA A E—raGILTES LR, LENST,
Fig 3 (b) TE® o7 323 7oA ERE
{ESeM THh, + L AM{EMHPIZ MeSec DFfiET S Z
LLGCMSEHWTHEHTA LR S,

3 ELE{EYas b IRTIVE
L xEiEY a2 b ATFY MpOEL Y OFTRIC

DVWTRMEFRIFEL 2. 2204, HPLCICPMS
EHWT, 2L @tV as bR T3y bV D
STEERELLE. EL@{E) a2 P2 RT3 P
& HPLCICPMS TA#f L2k 24, 1EkA koL ¥
2 SeHL & W] LRIFREM (514 oM 2h, L@
£V a? bAT3% MZSeHL OFFET LS LA RS
iz (F— 8. Kic, ORM L FHIZ, Bk SeHL
EWABARBL, GCMSTH LA LAL, ik
SeHL OB BATRIET LR CA L o7 SHHV
2273 MaNRF 2 b (BZ faast™) 2—BE%T 3
JROPTTAEF=OFHNTALZ, Zhiddxy b
CHBHRIELETAF = ORI EDTH S, BF

7.5+
5. 04

] - l

Intensity

(@)

1.5 20 26 0 15

40 45 5.0 55 6.0 6.5

Retention time (min)

Fig. 3 Gas chromatograms of derivatized selenomethionine (a) and extract from selenium-enriched yeast (b).

;s
Se
(a) éln:
?m
H7C300C —HN— CH — COOC1H?
= 285 325
R | I _n_i gl 1
2250 250. 0 2750 300. 0 3250
(b)
230
5
3 l Ll 265
; 225.0 250. 0 275.0 300. 0 .0
m/z

Fig. 4 Mass spectrums of derivatized selenomethionine (a) and unknown compound contained in extract from selenium-

enriched yeast (b)

— 419 —



5 ¢ SeHL QRS 7o ¥= - 0B84k = Rk W o
THhEID, ARFCELD 1L ELLRD,

S, GCMS SHFZHG T 2 s Battiisy b (EZ:
faast™) ik, MAO7 I /W%, HBHELESHTIS
BATERSHTELLSICLELOTHE, 5L, &
RISl SELyTI/ My £l
T2k, RBptr Y RES K ppm U ELECH /12,
LidsT, —RORBOEEL Y73 /MO H
AMEICIE, SELT I/ BESOBRERIEVLETS
N, SHICEHFLELNRS L,

L

SeHL 2G5 o B - TERPERFH RO/
M@l e R L EiFE . L BRWRETE 20 FE
FAHEHRERMD S (HRFEASEFERRGN RS
AFRBE - HRAO KPR L EETI 0O EF
YADOWEIIMT TR (EEMRE - FHEC) 2240
Tii->bOTHE,

BEXE

1) Surai PF (2006) Selenium and cancer. in Selenium in
Nutrition and Health, Nottingham University Press,
Nottingham : pp. 671-720.

2) Sugihara S, Kondo M. Chihara Y, Yuji M, Hattori H,
Yoshida M (2004) Preparation of selenium-enriched

4

5

3)

)

)

6)

7

sprouts and identification of their selenium species by
high-performance liquid chromatography-inductively
coupled plasma mass spectrometry. Biosci Biotech

Biochem 68: 193-199.

(oshida M, Sugihara S, Inoue Y, Chihara Y, Kondé M,
Miyamoto S, Sukcharcen B (2005) Composition of
chemical species of selenium contained in selenium-
enriched shiitake mushroom and vegetables deter-
mined by high-performance liquid chromatography
with inductively coupled plasma mass spectrometry, ]
Nutr Sci Vitaminol 51 : 194-199.

Finley JW (2005) Selenium accumulation in plant foods.
Nutr Rev 63: 196-202.

Yoshida M, Okada T, Namikawa Y, Matsuzaki Y,
Nishivama T, Fukunaga K (2007) Evaluation of nutri-
tional availability and anti-tumor activity of selenium
contained in selenium-enriched Kaiware radish sprouts.
Biosci Biotech Biochem 71 ; 21982305,

Yoshida M, Sano K, Ishiyuki E, Nishiyama T, Fukunaga
K (2007) Assessment of nutritional availability of sele-
nium in selenium-enriched pumpkin. Biomed Res Trace
Elem 18: 391-394.

Yoshida M, Sugihara S. Suenaga S. Naito C. Fukunaga
K. Tsuchita H (2002) Digestibility and chemical species
of selenium contained in high-selenium yeast. ] Nutr
Sci Vitaminol 48 : 401—-404.



J Bone Miner Metab (2008) 26:79-85
DOI 10.1007/500774-007-079%0-8

O Spnnger 2008

ORIGINALI

ARTICLI

Naoko Tsugawa - Masataka Shiraki - Yoshitomo Suhara
Maya Kamao - Reo Ozaki - Kiyoshi Tanaka
Toshio Okano

Low plasma phylloquinone concentration is associated with high incidence
of vertebral fracture in Japanese women

Received: February S, 2007 / Accepted: July 13, 2007

Abstract It has been reported that vitamin K supplementa-
tion effectively prevents fractures and sustains bone mineral
density in osteoporosis. However, there are only limited
reported data concerning the association between vitamin
K nutritional status and bone mineral density (BMD) or
fractures in Japan. The objectives were 1o evaluate the asso-
ciation between plasma phylloquinone (K,) or menaqui-
none (MK-4 and MK-7) concentration and BMD or fracture
in Japanese women prospectively. A total of 379 healthy
women aged 30-88 years (mean age, 63.0 years) were con-
secutively enrolled. Plasma K;, MK-4, MK-7, and serum
undercarboxylated osteocalcin  (ucOC) concentrations,
BMD, and incidence of vertebral fractures were evaluated.
In stepwise multiple linear regression analyses, L., BMD
and a bone turnover marker, log K,, concentrations were
independently correlated with vertebral fracture incidence.
When subjects were divided into low and high K, groups by
plasma K, concentration, the incidence of vertebral fracture
in the low K, group (14.4%) was significantly higher than
that in the high K, group (4.2%), and its age-adjusted RR
was 3.58 (95% (I, 3.26-3.93). L., BMD was not different
between the two groups. These results suggest that subjects
with vitamin K, insufficiency in bone have increased suscep-
tibility for vertebral fracture independently from BMD.
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N. Tsugawa - Y. Subara - M. Kamao - R. Ozaki - T. Okano ({=])
Department of Hygienic Sciences, Kobe Pharmaceutical University,
4-19-1 Motoyamakita-machi, Higashinada-ku, Kobe 658-8558, Japan
Tel. +81-78-4417563; Fax +81-78-4417565

e-mail: t-okano@kobepharma-u.ac.jp

M. Shiraki
Research Institute and Practice {or Involutional Diseases,
Minamiazumi-gun, Nagano, Japan

K. Tanaka
Department of Nutrition, Kyoto Women's University, Kyoto, Japan

Introduction

Vitamin K is well known for its role in the synthesis of a
number of blood coagulation factors. Vitamin K is also an
important factor for bone metabolism via y-carboxylation
of vitamin K-dependent proteins such as osteocalein (OC),
matrix Gla protein, and protein S [1.2]. Low dietary phyl-
loquinone (K, ) intake has been shown to be associated with
increased hip fracture risk, notably among postmenopausal
women [3,4]. Low dietary K, intake is also associated with
low bone mineral density (BMD) at the hip and spine in
pre- and postmenopausal women [5,6), and circulating levels
of vitamin K, or K, were reported to be decreased in patients
with hip fracture [7-10]. Those studies were mainly per-
formed in Caucasians. There is only a limited amount of
data concerning the association between vitamin K nutri-
tional status and BMD or fractures in Japan. It has been
reported that the intake of narto, which contains a high
concentration of menaquinone-7 (MK-7), prevents hip frac-
tures in Japanese [11] or promotes bone [ormation in pre-
menopausal women [12]. However, another report showed
that no differences in plasma K,, menaquinone-4 (MK-4),
and MK-7 were observed between patients with vertebral
or hip fracture and normal subjects [13]. In animal models
of osteoporosis, the effects of vitamin K, supplementation
on bone mass, strength, and structure has been reported to
be effective [14-17], or to be negative in ovariectomized rats
[18-20], and the evidence is still equivocal. Although a rela-
tionship between vitamin K status and fracture risk has
been reported, the relationship between BMD or fracture
and vitamin K status is still controversial. Recently, it has
been reported that vitamin K stimulates the differentiation
of osteoblasts via not only y-carboxylation but also steroid
or xenobiotics receptors (SXR) [21].

Therefore, in the present study, we evaluated the associa-
tion between plasma vitamin K (K,, MK-4, and MK-7) con-
centrations and incidence of fracture or BMD in Japanese
women prospectively, and assessed the importance of
vitamin K status or y-carboxylation of OC in reduction of
fracture risk and increase of BMD,
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Subjects and methods
Subjects

Japanese women in their thirties to eighties were consecu-
tively enrolled in this study (2002-2003), and followed up
by 2006, Women with metabolic bone diseases other than
primary osteoporosis and women who were taking medi-
cine related to bone metabolism such as active vitamin D,
vitamin K, vitamin K antagonists, estrogen, bisphospho-
nates, or steroids were excluded. Women who had extremely
low body mass index (BMI) (lower than 16) were also
excluded. A total of 379 women (mean age, 63.0 £ 10.8 years:
range, from 30 to 88 years) met the selection criteria for this
study. The subjects consisted of 48 women aged 30-49 years,
202 women aged 50-69 years, and 129 women aged 70 years
or older (70~ years). Subjects were living in a rural area of
Nagano. Most subjects have a backyard with their house,
and they had the habit of frequently eating vegetables that
they cultivated in their backyard.

Measurements

Plasma, serum and urine samples were collected from the
subjects in the morning and stored immediately at -30°C
until measurement. Plasma vitamin K (K;, MK-4, and
MK-7) was determined by the high-performance liquid
chromatography-tandem mass spectrometry (LC-APCI-
MS/MS) method [22]. ucOC as a sensitive marker for
vitamin K insufficiency was measured by electrochemilumi-
nesence immunoassay (ECLIA) (Sanko Junvaku, Japan).
The antibody used in this ECLIA method is the same anti-
body used in the “Takara assay.” However, the ucOC con-
centrations measured using this novel method were higher
than those obtained using other methods, including the
Takara assay. Intact OC was determined by immunoradio-
metric assay (IRMA) (Mitsubishi Kagaku Bio-Clinical
Laboratories, Japan).

Serum concentrations of 25-hydroxyvitamin D [25-OH-
D: radioimmunoassay (RIA), DiaSorin, Stillwater, MN,
USAJ, and intact (1-84, 7-84) parathyroid hormone [intact
PTH, immunoradiometric assay (IRMA); Scantibodies
Laboratory, Santee, CA, USA] were determined, A bone
resorption marker, urinary excretion of N-telopeptide
(NTX: as measured by enzyme-linked immunosorbent assay
(ELISA; Osteomark, Ostex International Seattle, WA,
USA), and a bone formation marker, bone-derived alkaline
phosphatase (BAP; EIA; DS Pharma Biomedical, Japan),
were measured. For the evaluation of caleium metabolism,
serum concentrations of calcium (Ca) and phosphorus (P)
were measured, Body mass index (BMI) was calculated as
the weight in kilograms divided by the square of the height
in meters.

Lumbar spine (L, ) and femoral neck (FN) BMD was
measured by dual-energy X-ray absorptiometry (DXA)
using & Lunar DPX-10Q (Lunar. Radisson, WI. USA). The
interassay variance of this method in our laboratory was
0.5% £ 0.5% [coefficient of variation (CV) £ SD] [23]. Inci-

dent vertebral fracture was first defined by the semiquanti-
tative method reported by Genant et al. (24| When a
marginal fracture was obtained, we performed quantitative
measurements of vertebral body heights at the posterior,
central, and anterior margins in both baseline and follow-up
veriebral films. We then redefined the presence or absence
of incident vertebral fractures in accordance with the crite-
ria proposed by Fukunaga et al. [25]. Fractures were evalu-
ated by one of the coauthors who had contributed to
development of the method of Fukunaga et al. [25], Incident
fractures with apparent major trauma were excluded from
the present study because we wanted to examine the rela-
tionship between vitamin K nutrition and fragility fracture
occurrence,

Statistical analysis

All statistical analyses were performed by using statistical
software IMP 6.0 (SAS Institute, Cary, NC, USA). Logistic
regression analysis was used to test univariable associations
between the incidence of vertebral fracture and anthropo-
metric parameters, bone metabolic parameters, or plasma
vitamin K concentrations. Stepwise multiple linear regres-
sion analyses were performed to explore determinants of
incident vertebral fractures. The following plausible predic-
tors were included in the original model: (1) age, BAP, and
K, concentration, and (2) L, , BMD, BAP,and K, concentra-
tion, Variables that correlated strongly with each other, such
as age and L, , BMD, were not entered simultaneously in
the original model. Forward stepwise regression was per-
formed, and P < (.25 was used to enter variables. Values of
vitamin K concentrations were logarithmically transformed
to improve normality in this analysis because plasma vitamin
K concentrations were not normally distributed. A Cox pro-
portional hazards model was used to assess the relationship
between plasma K, concentration and vertebral fracture.
Hazard ratios and 95% confidence intervals are evaluated
by no adjusted model or adjusted model for BMD or
BML

In the second analysis, subjects were divided into low
and high K, groups by median K, concentration (2.67 nmol/
1). Parametric comparisons used Student’s ¢ test. The inci-
dence of vertebral fracture in the two groups was evaluated
by the chi square test and crude or age-adjusted relative
risks (RRs). Moreover, the age and L, , BMD values at
which 25% of subjects would suffer fractures in the four
groups were inversely predicted by logistic regression
analysis.

Ethical considerations

The comprehensive study protocol including nutritional
evaluation was reviewed by the ethics committee of
Research Institute and Practice for Involutional Diseases
(RIPID), and comprehensive written informed consent was
obtained from all participants.



Table 1. Subject characteristics

n 37

Age (years) 63.0 (10.8)
Body weight (kg) 52.1(7.3)
Body height (¢cm) 151.6 (6.0)
BMI (kg/m®) 226 (2.8)
K, (nmol/l) 351 (270)
MK-4 (nmol) 0.20 (0.31)
MEK-7 (nmol) 10.0 (15.1)
ucOC (ng/ml) 468 (3.15)
10C (ng/ml) R69 (7.13)
25-OH-D (nmol/) 51.8 (16.3)
1PTH (pmoli) 49(1.8)
Ca (mmol1) 2.30 (0.10)
P (mmoll) 1.12 (0.15)
BAP (UM) 314 (112)
NTX (pmol BCE/umol Cr) 57.3(255)
L, BMD (g/em®) 0.970 (0.186)
L, Z-score 0.178 (1.405)
FN BMD (g/em®)* 0.750 (0.128)
FN BMD Z-score' 0.398 (0.857)

All values are mean (SD)

K,, phylloquinone; MK, menaguinone; uweOC, undercarboxylated
osteocalein; 10C, intact osteocalcin; 25-OH-D, 25-hydroxyvitamin D,
iPTH, intact parathyroid hormone, BAP, bone-derived alkaline phos-
phatase; NTX, N-terminal telopeptide; BCE, bone collagen equivalent;
BMD, bane mineral density; L., lumbar spine, ; FN, femoral neck
*FN BMD and FN BMD Z-score were measured in 176 subjects
Plasma and urinary hiochemical parameters were within the normal

range

Results
Subject characteristics

The subject characteristics are summarized in Table 1, The
plasma K,, MK-4, and MK-7 concentrations (mean * SD)
of the 379 Japanese women were 3,51 + 2,70, 0.20 + 0.32,
and 100 + 15.1nmol/l, respectively, Other plasma and
urinary biochemical parameters were within the normal
range. The location and number of incident fracture were
as follows: vertebrae, 35 (9.2%); forearm, 8 (2.1%); femoral
neck, 1 (0.3%); and others, 5 (1.3%). Because there were
few cases of forearm and femoral neck fractures, the inci-
dence of vertebral fracture was used to evaluate the associa-
tion between vitamin K status and bone fracture.

Association between plasma vitamin K concentration and
incidence of vertebral fracture

Table 2 shows the association between the incidence of
vertebral fracture and age, anthropometric parameters,
bone metabolic parameters, and plasma vitamin K concen-
trations. Age (P < 0.001) and BAP (P = 0.011) were associ-
ated positively, and L, ; BMD (P < 0.001), K, (P = 0.007),
and log K, (P < 0.001) were associated negatively with the
incidence of vertebral fracture, MK-4 and MK-7 concentra-
tions were not associated with the incidence of vertebral
fracture. NTX and log ucOC showed a tendency to be posi-
tively associated with the incidence of vertebral fracture.
and their P values were almost equal (NTX, P = 0.089; log
ucOC, P = 0.088).
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Table 2. Association between incidence of vertebral fracture and age,
anthropometric parameters, bone metabolic parameters, and plasma
vitamin K concentrations

B-Coefficient P
Age (years) 0.064 <0001
BW (kg) 0.028 0.240
BH (cm) ~0.032 0274
L, BMD (g/em’) -3.956 <0.001
NTX (pmol BCE/umol Cr) 0.012 0.089
BAP (UA1) 0.042 0.011
ucOC (ng/ml) 0.057 02mn
uwcOCHOC 0.145 0,698
Log ucOC 0.487 0.088
Log ucOCAOC 0213 0518
K, (nmolfl) -0.244 0.007
MK-4 (nmol/l) ~0.345 0602
MK-7 (nmol/1) ~{.005 0.672
Log K, (nmol/l) ~0.5899 <0.001
Log MK-7 (nmol/l) -0.057 0.672

Logistic regression analysis was used to test univariate associations of
anthropometric or bone metabolic parameters and plasma vitamin K
concentrations with incidence of vertebral fracture

Age and BAP were associated positively, and 1.2-4 BMD, K1, and log
K1 were associated negatively with vertebral fracture incidence

Table 3. Relationship between vertebral fracture incidence and age,
L, BMD, BAP, or plasma vitamin K, concentration evaluated by step-
wise multiple regression analysis

a. Plausible predictors (age, BAP and log K,)

Estimate (& P
Age 0.050 0.055 0.017
Log K, 0,783 0.033 0.014
BAP 0.040 0.029 0m7

b. Plausible predictors (L,, BMD, BAP, and log K,)

Estimate r P
L..BMD -4.125 0.09 0.001
Log K, ~0.760 0.033 0.017
BAP 0.036 0022 0.039

Stepwise multiple linear regression analyses were performed to
identify determinants of vertebral fracture incidence

The following plausible predictors were included in the original model:
(1) age, BAP, and vitamin K, concentration (log K}, (2) L, . BMD, BAP,
and vitamin K, concentration (log K,)

Variables that correlated strongly with each other, such as age and Ly,
BMD, were not entered simultaneously into the original model

Age, L,, BMD, BAP, and log K, concentration were independently
associated with vertebral fracture incidence

Stepwise multiple linear regression analyses were per-
formed to explore the determinants of vertcbral fracture
incidence. In both models, (1) age, BAP, and log K, and (2)
L,, BMD, BAP, and log K,were included in the original
model, and age, L, ,, BMD, BAP, and log K, concentration
were independently associated with the incidence of verte-
bral fracture (Table 3). Moreover, a Cox proportional
hazards mode!l was used to assess the relationship between
plasma K, concentration and vertebral fracture (Table 4).
Hazard ratios and 95% confidence intervals are evaluated
by no adjusted model or adjusted model for BMD or BML
Both plasma K, concentration and log K, concentration
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significantly decreased hazard ratio of vertebral fracture in
the no adjusted model and adjusted model for BMD or
BML. Significant association between vitamin K, concentra-
tion and vertebral fracture was not observed in the age-
adjusted model, because age and vitamin K, concentration
became a strong confounding factor in the Cox propor-
tional hazards model including a time course factor

Vertebral fracture incidence in low and high K, groups

Comparison of the incidence of vertebral fracture between
the low and high K, groups was divided by the median
plasma K, concentration (2.67nmol/l) (Table 5). The inci-
dence of vertebral fractur_ in the low K, group (n = 27,
14.4%) was significantly higher than that in the high K,
group (n=8,4.2%), P <0.001. The age of the low K, group
was significantly higher than that of the high K, group.
However, no significant difference was observed in L,
BMD between the two groups. The unadjusted RR for ver-
tebral fractures in the low K; group was 3.43 [95% confi-
dence interval (CI), 1.60-7.35) and the age-adjusted RR
was 3.58 (95% CI, 3.26-3.93). No significant differences of
plasma 25-OH-D (low K,, 52.8 + 17.3: high K, 510 +
15.3nmol/l) or PTH (low K, 3.3+ 1.4; highK,, 3.3+ 1.2 pmol/
1) concentrations were observed between the two groups.
Moreover, the inverse prediction values of L,, BMD at
which 25% of subjects would suffer fractures were esti-
mated from logistic regression analysis in the two groups.
The predicted L, , BMD in the low K, group was 0.707

Table 4. Hazard ratio (HR) of vertebral fracture evaluated by Cox
proportional hazards model

Variables HR 95% ClI P Adjustment
K, 0.628 0.404-0.899 0,008 No
0.691 0.453-0.982 0.038 BMD
0.656 0.415-0.940 0.018 BMI
Log K, 0.561 0.363-0.867 0.009 No
0.612 0.397-0.948 0.028 BMD
0.517 0.332-0.808 0.004 BMI

A Cox proportional hazards model was used 1o assess the relationship
between plasma K, concentration and vertebral fracture; hazard ratios
(HR) and 95% confidence intervals (CI) are evaluated by no adjusted
model or adjusted model for BMD or body mass index (BMI)

(95% CI, 0.053-0.847, P = 0.007), and that in the high K,
group was 0.578 (95% CI, 0.004-0.711, P = 0.003). These
results suggest that subjects with low vitamin K status would
suffer fractures at a higher BMD than those with high
vitamin K status.

Discussion

The associations between dietary vitamin K intake, bio-
chemical indicators of vitamin K status such as plasma K,
or ucOC concentration, and bone loss and risk of hip frac-
ture were evaluated in several studies [3-10,25). Low dietary
K, intake has been reported to be associated with increased
hip fracture risk, most notably in postmenopausal women
[3.4]. In the Framingham Heart Study, low dietary K, intake
was not associated with low BMD at either the hip or spine,
even though low intake was associated with increased hip
fracture risk [3]. However, in the Framingham Heart Study
(1996-2000) [6], low plasma K, concentration after adjust-
ment for plasma triglyceride concentration was associated
with low BMD at the femoral neck among the men and low
plasma K, concentration was associated with low spine
BMD in postmenopausal women. In other studies, low
dietary K, intake was associated with low BMD in women
aged 29-86 years [5], and low plasma K, concentration was
shown to be associated with low BMD at the spine [26]. The
vitamin K concentration in elderly women with hip frac-
tures was reported to be low [7-10]. Although an apparent
relationship between vitamin K status and fracture risk has
been reported, the relationship between BMD and vitamin
K status is still controversial. Therefore, the mechanism(s)
responsible for reducing fracture risk with high vitamin K
intake or high serum level of vitamin K are not fully
understood.

In the present study, the associations between plasma K,
MK-4, and MK-7 concentrations and incidence of fracture
were evaluated in Japanese women. The results showed a
significant association between plasma K, concentration
and incidence of vertebral fracture. Moreover, we could
demonstrate that K, concentration was associated with ver-
tebral fracture incidence independently of age, L, , BMD,
and BAP. However, vitamin K status and femoral neck or
other fractures could not be evaluated in the present popu-
lation because of the lack of statistical power of these long

Table 5. Relative risk of vertebral fracture incidence in two groups divided by plasma vitamin K, concentration

Groups n Age BMD BAP Incidence of RR (95% CI) Age-adjusted
vertebral fracture RR (95% CT)

Low K, 188 65.3 (12.1) 0.966 (0.195) 31.0(1L7) 14.4% 3.43 (1.60-7.35) 3.58 (3.26-3.93)

High K, 191 62.7 (10.1) 0.973 (0.177) 31.8(10.7) 4.2% 1 1

P 0.020 0.708 0478 <0.001

Mean (SD)

Subjects were divided into two groups according to the median of plasma K, concentration (2.67 nmol/)

Student’s ¢ test was used to compare the age of the two groups

Crude and age-adjusted relative risks (RRs) for the vertebral fracture incidence are presented with 95% confidence intervals
Crude and age-adjusted RRs for vertebral fracture incidence of the low K, group were significantly higher than those of the high K, group



bone fractures. In the present study, the numbers of incident
femoral neck and forearm fractures were 1 and 8, respec-
tively. A lower prevalence of hip fracture in the Japancse
population than in Caucasians was reported [27]. Thus, eval-
uation of the role of vitamin K in long bone fracture in the
Japanese population will require a larger sample size.

In a previous study, it was shown that high serum MK-7
concentration resulting from eating narte, which is a high-
MEK-T7-content food, may contribute to the relatively low
hip fracture risk in Japanese women [11]. However, in the
present study, we did not find that plasma MK-7 concentra-
tion was associated with vertebral fracture incidence. It has
been reported that MK-7 has equivalent potency regarding
v-carboxylation of OC to K, [28-30] and that natto intake
promotes bone formation in premenopausal woman [12].
The reason why the association between MK-7 concentra-
tion and vertebral fracture was weaker than the associa-
tions between K, concentration and vertebral fracture is
not clear. In a previous study [12], the association between
the prevalence of femoral neck fracture and the consump-
tion of narto was evaluated by comparison of the rate of
the fracture between areas with and without the custom
of eating natio. However, almost all subjects were natto
caters in the present study, which may be one of the reasons
why no significant association between plasma MK-7 con-
centration and vertebral fracture incidence was observed.
Moreover, a survey of the period or interval of MK-7-rich
food intake seems more important than the measurement
of serum MK-7 concentration for evaluating the relation-
ship between bone metabolism and MK-7 in Japan.
However, unfortunately, a food questionnaire was not
employed in the present study, and this will be necessary
in future.

Not only the circulating K; concentration but also the
serum ucOC concentration has been reported to be asso-
ciated with hip fracture [31-34]. We have reported that
circulating K, and MK-7 concentrations were negatively
correlated with the serum ucOC concentration: however,
the level of vitamin K; or MK-7 required to reduce the
serum ucOC concentration increased with advanced age
[35]. In the present study, ucOC concentration or the ratio
of ueOC/intactOC did not show a significant association
with incident vertebral fracture. Recent studies revealed
that vitamin K may play two important roles in bone
metabolism, one of which is regulating posttranslational
modification of Gla-containing proteins, and the other is
regulating the SXR-mediated cellular regulatory system.
Recently, Ichikawa et al. [36] reported that collagen accu-
mulation in osteoblastic MG63 cells was enhanced by
vitamin K, treatment, and the transcription of the extracel-
lular matrix-related gene “tsukushi,” which is involved in
collagen assembly, was regulated by vitamin K, via steroid
and xenobiotic receptor (SXR). Therefore. vitamin K plays
a significant role in bone homeostasis, not only by affecting
y-carboxylation but also by affecting transcriptional regula-
tion of the collagen gene, which may be one of the reasons
why the association between ucOC and fracture incidence
was weak as compared with that between K; and
fracture.
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In the second analysis, subjects were divided into low
and high K, groups according to median K, concentration
(2.67nmolf). The low K, group showed a higher incidence
of vertebral fracture (Table 5). The age of the low K, group
was also higher than that of the high K, group (Table 5).
However, both the unadjusted and age-adjusted RRs dem-
onstrated that risk of vertebral fracture was greater in the
low K, status group. Moreover, L. , BMD was not different
between the two groups, suggesting that K, status may be
associated with vertebral bone strength, not with L, , BMD.
The inverse predicted value of L, , BMD at which 25% of
the subjects would suffer fractures was significantly higher
in the low K, group. This finding suggests that subjects with
low vitamin K, status would easily suffer fractures even with
higher L, , BMD.

In the present study, the average of K, concentration
was 3.51 nmol/l, and it was two or three times higher than
previous reports. Averages of circulating K, concentrations
in European or U.S. subjects have been reported approxi-
mately within the range of 0.7 to 1.7nmol1 [6,1037-42].
In other reports of Japanese subjects, 1.58 [26], 1.07 [13].
1.86 [43], and 2.66 [44] nmol/l K, concentrations were
reported. Average of K, concentration in our other epide-
miological study of Japanese elderly subjects was 1.71 nmol/
| (data have not been published). Precision and accuracy
of LC-APCI-MS/MS method used in present study to
measure the vitamin K concentration had been confirmed
by the HPLC fluorescence determination method [45]. Cor-
relation coefficient and the corresponding P value for K,
concentration determined by LC-APCI-MS/MS and HPLC
fluorescence determination methods were r = 0.989 and
P < 0,001 (y = 0.841 x 4+ 0.035ng/ml; v, HPLC fuorescence
determination method; x, LC-APCI-MS/MS method).
From these results, the circulating K, concentration of Japa-
nese subjects is considered to be higher than that of Euro-
pean or U.S. subjects, and dietary K, intake of Japanese
people suggests that the K, intake in Japanese may be
higher than that in Europe countries of the United States.
The reason why the average K, concentration in the
present study was particularly higher than other studies
not only in Europe and the United States but also in Japan
was not clear. Subjects were living in a rural arca of
Nagano. Most subjects have a backyard at their house, and
they have the habit of frequently eating the vegetables that
they cultivate in their backyard. Thus, although a food
questionnaire was not employed in the present study, it is
predicted that the dietary K, intake of present subjects
may be relatively high.

There were some limitations of the present study. The
design was a prospective study, but the participants were
recruited from a hospital in a rural area of Japan (refer
to the paper by Shiraki et al. [46] for the characteristics of
this population), Thus, a nationwide prospective survey is
required to assess the role of vitamin K in bone fractures
conclusively in the near future. Although there were some
limitations of the present study, it can be concluded that the
incidence of vertebral fractures was associated with the
plasma K, concentration. Because subjects with low vitamin
K, status showed increased risk of vertebral fractures
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regardless of their L, , BMD, low vitamin K, status may be
an indicator of low bone quality.
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Abstract

Little has been understood about vitamin D status in relation to bone health in Asian women. The purpose of this study was to identify how
the serum 25-hydroxyvitamin D (25[OH]D) concentration is associated with bone mass and bone metabolism. This cross-sectional, community-
based epidemiologic study was conducted among 600 ambulatory postmenopausal women. The serum 25(OH)D concentration was measured
with radioimmunoassay. Other blood biochernical measurements were intact parathyroid hormone and markers of bone tumover, including
osteocalein and type | collagen cross-linked N-telopeptides. Bone mineral density (BMD) of the lumbar spine and right femoral neck were
measured with the dual-energy X-ray absorptiometry method using a QDR4500a. The mean serum 25(0OH)D concentration was 55.6 nmol/L (SD
14.6). Serum 25(0OH)D concentration was linearly associated with BMD of the femoral neck (R*=0.020, P=0.003), but not with BMD of the
lumbar spine. Odds ratios (ORs) for low BMD (defined as r score <~2.5 SD) were calculated for strata defined by 25(0H)D concentration. The
prevalence of low BMD of the lumbar spine was significantly higher in the 40- t0 50-nmol/L 25(OH)D group (adjusted OR=3.0, 95% CI: 1.3~
7.0) compared to the reference group (270 nmol/L). Prevalence of low BMD for the femoral neck was significantly higher in the 30- to 40-nmol/
L (adjusted OR=3.6, 95% CI: 1.1-12.1) and the 40- to 50-nmol/L (adjusted OR=7.6, 95% CI: 2.5-23.2) groups compared to the reference
group (=70 nmol/L). The mean serum concentration of intact PTH was significantly higher in subjects with serum 25(0OH)D <350 nmol/L
compared to those with serum 25(0H)D = 50 nmoUL. The present study suggests that higher serum 25(OH)D concentrations are associated with
increased BMD of the femoral neck, and that a serum 25(OH)D concentration of at least 70 nmol/L is needed to obtain high BMD of the femoral
neck, and that of at least 50 nmol/L is needed to achieve normal PTH levels and prevent low BMD in home-dwelling postmenopausal Japanese
women.
© 2007 Elsevier Inc. All nights reserved.
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Introduction

Vitamin D insufficiency is an important risk factor for the
development of osteoporosis and osteoporotic fractures in the

* Comresponding author Fax: +81 25 227 0764,
E-mail address: knzun@med.niigata-u.ac.jp (K. Nakamurs),

8756-3282/8 - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/.bone.2007.09.056

elderly. One mechanism by which this excess risk is conferred is
through an increase in parathyroid hormone production [1].
Moreover, vitamin D insufficiency may cause decreased muscle
function and standing balance [2], leading to an increased
frequency of falls. Supplementation with vitamin D, particularly
among the elderly and among women, is recommended in many
European and North American countries.
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Table 1
Demographic and physical characteristics, nutritional intakes, bone mineral
density (BMD), and serum biochemical profiles of study subjects

N Mean SD

Age (years) 600 635 58
Menopausal age (years) 598 510 83
Number of children 599 23 08
Height (cm) 600 1507 5.5
Weight (kg) 600 531 23
Body mass index (kg/m*) 600 234 35
Thigh muscle strength (kg) 584 360 7.6
Grip strength (kg) 599 132 39
Timed Up & Go test (s) 593 50 1.0
Calcium intake* (mg/day) 600 527 160
Vitamin D intake (jg/day) 600 117 27
BMD at lumbar spine (g/cm’) 599 0846  0.147
BMD at femoral neck (gfem®) 598 0.668  0.094
Serum 25-hydroxyvitamin D (nmol/L) 600 556 14.6
Serum 1,25-dihydroxyvitamin D (pmol/L) 598 1305 4.5
Serum intact parnthyroid hormone (pmol/L) 600 424 1.40
Serum osteocalein (mg/ml) 600 9.93 3.95

Serum type [ collagen cross-linked N-telopeptides 595 21.0 6.5
{mmol BCE/L)

* Caleium intake from dietary source was 518 mg (SD 147).

There may be ethnic differences in the effects of low vitamin
D status on bone mass or bone metabolism. African Americans
typically have lower vitamin D levels than Caucasian Amer-
icans, yet they have a lower prevalence of osteoporosis [3].
Furthermore, the relationship between serum 25-hydroxyvita-
min D (25[OH]D, an index of vitamin D status) concentrations
and bone mineral density (BMD) may differ between blacks and
whites [4]. These findings demonstrate the importance of
studies aimed at understanding the effect of vitamin D status on
bone in non-white populations.

There have been only a few studies on the association
between vitamin D status and bone parameters in Asians; those
that have been conducted have typically had small sample sizes.
One large population-based study among Japanese elderly
women reported a cutoff level of serum 25(OH)D concentration
in relation to elevated serum parathyroid hormone (PTH) as low
as 40 nmol/L. This is lower than cutoff levels reported recently
by several studies among Caucasian patients [5] and is less than
current recommended levels (75-80 nmol/L or higher) of serum
25(0OH)D [6]. These results suggested a possible ethnic dif-
ference between Asians and whites.

The primary aim of this study is to investigate the association
between the serum 25(0OH)D concentration and bone mass or
bone metabolism among Japanese postmenopausal women.
Results from this study may inform the appropriate levels of
serum 25(OH)D to aim for in preventive vitamin D supplemen-
tation programs for these women.

Subjects and methods
Subjects
All 1310 women who lived in Yokogoshi area (Niigata City, Japan) aged

between 55 and 74 years on March 31, 2006, were invited to participate in the
Yol hi Smudy, a cross- jonal, epidemiologic ity-based investi-

gation of bone health for postmenopausal women, The study was conducted in
November 2005, Of the 1310 women, 674 (51.5%) agreed to participate in the
study. All participants were non-institutionalized and ambulatory, The following
women who had medical histories that may have affected their bone metabolism
were excluded from analysis: (1) |3 women with o history of bilateral

ph v, (2) 7 who had undergone corticosteroid therapy, and (3)
54 treated with bisphospt lective estrog: p ful
active vitamin D analogues, vitamin K (menatetrenone), estrogen, or calcitonin
for suspected osteoporosis. Ultimately, 600 of 674 (89%) women agreeing to
participate in the study formed the group analyzed. Written informed consent
was obtained from all subjects. The protocol of this stady was approved by the
Ethics Committee of Niigats University School of Medicine.

BMD measurement

BMDs of the lumbar spine (L2—4) and right femoral neck were measured
through the dual-energy X-ray absorptiometry (DXA) method using o

Table 2
Results of simple linear regression analyses with bone mineral density (BMD) as
the dependent variable

Predictor BMD of the lumbar spine  BMD of the femoral neck
Viisbiz Regression R Pvalue Regression B Pvalue
coefficient coefficient

) 1)

Age (years) —0.00611 0,057 <0.0001 —-0.00473 0.084 <0.0001

Years since -0.00289 0.039 <0.0001 -0.00193 0.042 <0.,0001
menopause

Number of —0.00158 0.000 0.8312 -0.00216 0000 0.6519
children

Height (cm) 0.00481 0.033 <0.0001 0.00322 0.036 <0.0001

Weight (kg) 0.00610 0.119 <0.0001 0.00440 0.151 <0.0001

Body mass 0.0118 0.078 <0.0001 0.00854 0.099 <0.0001
index (kg/mr’)

Thigh muscle 000464 0,058 <0,0001 000341 0076 <0.0001
strength (kg)

Grip strength (kg) 0.00914  0.059 <0.0001 0.00541 0.050 <0.0001

TUG test* (s) —0.101 0.013 0.0050 —-0.0876 0.024  0.0002

Engage in =0.00392 0.000 0.8208 -0.0179 0002 03289
housework
(No, 0; yes, 1)

Engage in light =00110 0001 03705 —0.00537 0.001 04936
exercise
(No, 0; yes, 1)

Engage in -0.0159 0.003 0.1864 -0.00164 0.000 0.8323
farmwork
(No, 0; yes, 1)

Calcium intake 0.0000631 0.005 00946 00000225 0.001 03532
(mg/day)

Serum 25(0H)D 0000622 0.004 01322 0000914 0.020 0.0005
(nmol/L)

Serum =0.000405 0015 0.0028 -0.000246 0.013 0.0046
1,25(0H),D
(pmol/L)

Serum intact =0.0183 0.002 0.3298 -0.0357 0.015  0.0029
PTH® (pmol/L)

Serum ~0.00868 0.054 <0.0001 -0.00532 0.050 <0.0001
osteocalcin
(ng/ml)

Serum NTX -0.113 0.043 <0.0001 —0.0655 0.035 <0.0001
(nmol BCE/L)

Abbreviations: TUG, Timed “Up & Go™; 25(OH)D, 25-hydroxyvitamin D;
1,25(0H):D, 1,25-dihydroxyvitamin D; PTH, parathyroid hormone; NTX,
type I collagen cross-linked N-telopeptides.

* Logarithmically transformed.

—A3L—
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QDR4500a (Hologic Inc., Bedford, MA, USA) by a single, trined X-ray
technician. The in vivo coefficients of vanation (CVs) of the BMD measurements
were 0.3% for the lumbar spine and 0.6% for the femoral neck.

Physical examination

The grip strength of each hand was measured once with a digital hand
dynamometer, and the average value of both hands was adopted. Isometric thigh
muscle strength of both legs together was measured with a leg muscle dynamom-
eter (T.K.K.5710g, Takei Scientific Instruments, Co., Ltd., Niigats, Japan).
Walking ability (walking time) was assessed by the imed “Up & Go” (TUG) test
[7]. Body height and weight of the subjects in light underwear were measured to
the nearest | mm and 100 g, respectively. The body mass index (BMI) was
calculated by dividing body weight (kg) by the square of body height (m®).

Biochemical measurements

A 6-h-fasting blood specimen was drawn in the daytime. The specimen was
immediately maintained at 4 °C. The serum was obtained within 1 day of
collection by centrifugation at 1613xg for 10 min and stored at —80 °C until the
biochemical analysis, The serum 25(OH)D concentration was determined by
radioimmunoassay (DiaSorm, Stillwater, MN, USA) with an inter-assay CV
value 0f9.9%. The serum 1,25-dibydroxyvitamin D (1,25[{0H],D) concentration
was determined by radioimmunoassay (IDS Ltd., Boldon, England, UK), which
has an inter-assay CV value of 12.8%. The serum intact PTH concentration was
measured with a two-site immunoradiometric assay (Nichols Institute Diag-
nostics, San Clemente, CA, USA), which has an inter-assay CV value of 1.5%,
The serum osteocalein (OC) concentration was determined by an immunoradio-
metric assay (Mitsubishi Kagaku Medical, Inc., Tokyo, Japan) with an m-
assay CV value of 6.6%. The serum type I collagen cross-linked N-tel
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Fig. 2. Mean (plus SD) values ofbone mineral density (BMD) of the femorl neck
for each 10-nmol/L increment in the serum 25-hydroxyvitamin D (25[OH]D)
concentration. BMD becomes higher as the 25(0H]D level becomes higher
beginning from the 40- to 50-nmol/L. group of seram 25(OH)D.

following three activities at least once a week: (1) houseworlk, (2) light exercise,
mhasgaubaﬂ(wmqw). taking walks, and so on, as light activity, and (3)

(NTX) concentration was determined by an enzyme-linked tmtmosorbm
assay (Osteomark NTX Serum, Ostex International, Inc., Seattle, WA, USA),
which had an inter-assay CV value of 2.8%.

Interview

Demographic, lifestyle, and nutritional information was obtained through
interview. Age, reproductive history, medical history, and current medications
were recorded. Current calcium intake was assessed with a previously validated
food frequency questi ire [8]. The lation coefficient between values

i by this method and the con 1 3-day diet record was 0.668.
Physical activity levels were assessed based on whether subjects engaged in the
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Fig. 1. Mean (plus SD) values of bone mineral density (BMD) of the lumbar spine
for each 10-nmol/L increment in the serum 25-hydroxyvitamin D (25[OH]D)
concentration. The serum 25(0OH)D concentration was not linearly associated
with BMD at the lumbar spine (P=0.1322), although 50 nmol/L may be an
inflection point.

k (or gardening), as mod activity.
Statistical analysis

All continuous variables were checked for normality, TUG test, serum intact
PTH, and NTX concentrations were skewed to higher values and were trans-
formed logarithmically prior to conducting statistical tests. Categorical variables,
such as *h k", “light ise”, and “far rk" were coded as 0 for “no”
and 1 for “yes"”. Student’s -test was used to test a difference in two mean values.
Analysis of variance (ANOVA) was used to test differences among multiple
mean values. ANOVA with Durmett's multiple comparison was used to compare

5| mu22

INEN

=82 N
n=l182| | natzp| | M=73

Serum intact PTH (pmoliL)

<30 3040 40-50 5080 6070 7080  BO-

Serum 25(0H)D (nmaliL)

Fig. 3. Mean (plus SD) values of the serum intact parathyroid hormone (FTH)
concentration for each 10 nmol/L increment in the serum 25-hydroxyvitemin D
(25[OH]D) concentration, Mean serum intact PTH concentrations for 25(0H)D
<30 nmol/L, 30-39 nmol/L, and 40-49 nmol/L, indicated with an asterisk (*),
are significantly higher than those for serum 25(OH)D concentrations
=50 nmol/L, as assessed by AMOVA with the Dunnett multiple companson.
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Table 3
Results of a stepwise multiple linear regressi lysis predicting bone mineral
density (BMD)
Independent variable Regression  Standard & Pvalue
coefficient (f) error
BMD of the lumbar spine
BMI (kg/m®) 0.0115 00016 0,099 <0.0001
Age (years) —0.00487 000117  0.058 <0.0001
Serum osteocalcin (ng/ml)  —0.00633 0.00152 0041 <0.0001
Grip strength (kg) 0.00482 000146  0.016 0,001
Calcium intake (mg/day) 0,0000904  0.0000344 0012 00089
Years since menopause ~0.00142 0.00065  0.005 00279
Serum NTX® (nmol BCELL) —0.0434 0.0224 0.005  0.0535
BMD of the femoral neck
BMI (kg/m™) 0.00825 0.00010 0112 <0.0001
Age (years) ~0,00521 000061  0.084 <0.0001
Serum osteocalcin (ng/ml)  —0.00422 0.00085  0.031 <0.0001
Serum 25(OH)D (nmol/L) 0.000705 0000235 0.020 0.0029
Serum intact PTH® (pmollL) -0.0292 0.0107 0.012  0.0065
Grip strength (kg) 0.00215 0.00090  0.009 00167
Calcium intake (mg/day) 0.0000449  0,0000211 0008  0.0336

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone;
NTX, type [ collagen cross-linked N-telopeptides.
* Log-transformed values.

one mean value with other mean values. Simple linear regression analysis was
used to identify predictors of BMD, indices of bone metabolism, including the
log-transformed serum intact PTH, OC, and log-transformed NTX, and physical
tests, including muscle strength and log-transformed TUG test s outcome
variables, A stepwise multiple linear regression analysis was used to identify
independent predictors of BMD. Candidate independent variables for the step-
wise method were age, menopausal age, BMI, physical tests, lifestyle variables,
calcium intake, the 25(0H)D, log-transformed serum intact PTH, OC, and log-
transformed NTX concentrations. The serum 1,25(0H),D concentration was not
included in the mode! because a negative associstion between serum 1,25(0H),LD
concentrations and BMDs was considered to be due to a compensatory increase
of serum 1,25(OH),D concentrations for low bone mass [9,10], Multiple logistic
regression analyses were used to calculate adjusted odds ratios (ORs) of vitamin
D insufficiency for “low BMD (¢ score s—2.5 SD)". Test for linear trend was
performed by using the logistic regression technique. Computations were
performed by using the SAS statistical package (release 8.02, SAS Institute Inc.,
Cary, NC, USA). A P value less than 0.05 was considered statistically
significant.
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Results

The demographic and physical characteristics, nutritional
intake, bone mass, and serum biochemical profiles are shown in
Table 1. The proportion of subjects who had the serum 25(0H)D
concentration less than 30 nmol/L and 50 nmol/L were 22/
600 (3.7%) and 212/600 (35.3%), respectively. On the physical
activity measure, 572 (953%) subjects did housework, 250
(41.7%) engaged in light activity, and 298 (49.7%) engaged in
farmwork (moderate activity). “Low BMDs" (¢ score <—2.5 SD)
were observed in 106/599 (17.7%) of lumbar spines and 82/598
(13.7%) of femoral necks.

The results of the simple linear regression analyses with
BMD as the outcome are shown in Table 2. The serum 25(0H)
D concentration was not significantly associated with BMD of
the lumbar spine but was positively associated with BMD of the
femoral neck. Mean BMD at the lumbar spine for each 10-nmol/
L increment in the serum 25(0OH)D concentration is shown in
Fig. 1. The serum 25(OH)D concentration was not linearly
associated with BMD at the lumbar spine (P=0.1322). Mean
BMDs at the femoral neck for each 10-nmol/L increment in the
serum 25(OH)D concentration are shown in Fig. 2. BMD
increases as the 25(0OH)D concentration increases beginning
from the 40- to 50-nmol/L group of serum 25(OH)D.

The serum 25(OH)D concentration was negatively associated
with the log-transformed intact PTH concentration (f=
—0.00543, R*=0.061, P<0.0001). Mean serum intact PTH
concentrations for each 10 nmol/L increment in the serum
25(OH)D concentration are shown in Fig. 3. Mean serum intact
PTH concentrations for serum 25(0H)D <30 nmol/L, 30-
39 nmol/L, and 4049 nmol/L were significantly higher than
a probable baseline intact PTH concentration, i.e., the mean
intact PTH concentration for serum 25(OH)D concentrations
250 nmol/L. A linear association between calcium intake and
the log-transformed serum intact PTH concentration was of
borderline significance (P=0.0611). The log-transformed serum
intact PTH concentration was significantly associated with both
serum OC (f=1.29, R*=0.011, P=0.0102) and log-transformed
NTX (8=0.0749, R*=0.008, P=0.0302) concentrations.

Table 4
Odds ratios (OR) and 95% confidence intervals (CI) for “low bone mineral density (BMD) (¢ score <~2.5 SD)" according to levels of serum 25(0H)D
Levels of serum 25(0H)D (nmol/L) P for trend
<30 (n=22) 30-40 (n=62)  40-50 (n=127)  50-60 (n=162)  60-70 (n=120) 270 (n=106)
P ;
Prevalence of low BMD (%) 18.2 226 252 16.1 15.0 113
Unadjusted OR 1.61 1.99 343 1.42 133 1 (ref) 0.0109
95% C1 0.57-4.52 0.99-4.03 121-4.10 0.75-2.69 0.67-2.62
Adjusted® OR 3.03 244 3m 132 1.48 1 (ref) 0.0173
95% CI 0.57-16.02 0.84-7.12 131-6.97 0.59-2.99 0.61-3.59
Femoral neck
Prevalence of low BMD (%) 182 21.0 234 112 92 57
Unadjusted OR 321 3.70 414 1.98 1.63 1 (ref) <0.0001
95% Cl1 0.99-10.44 1,48-9.25 1.79-9.57 0.81-4.81 0.63-4.26
Adjusted* OR 286 3.59 735 207 1.40 1 (ref) 0.0017
95% C1 0.28-29.03 LO6-12.11 245-23.24 0.74-5.80 0.45-4.35

. Adjusted for age, menopausal age, BMI, calcium intake, grip strength, log-transformed intact PTH, OC, and log-transformed NTX.
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The results of the stepwise multiple regression analysis are
shown in Table 3. BMI was the predominant independent
variable, followed by age and serum OC concentration for both
BMD:s of the lumbar spine and femoral neck. The serum 25(0H)
D concentration was independently associated with BMD of the
femoral neck, although its R* was smaller than those of BMI, age
and serum OC concentration.

Table 4 shows ORs for “low BMD (1 score =—2.5 SD)" by
level of serum 25(0OH)D. After adjustment for model covariates,
prevalence of low BMD for the lumbar spine was significantly
higher in the 40- to 50-nmol/L group compared to the reference
group (=70 nmol/L). Similarly, a significantly higher preva-
lence of low BMD of the femoral neck was observed in the 30- to
40-nmol/L. and 40- to 50-nmol/L groups compared to the
reference group (=70 nmol/L). The serum 25(0H)D concen-
tration was not significantly associated with the serum OC
concentration (P=0.1715) or the serum NTX concentration
(P=0.2355). The lack of these associations remained after
subjects were restricted to those with serum 25(0OH)D concen-
trations <50 nmol/L (P=0.4839 for serum OC and P=0.9574
for serum NTX).

The serum 25(OH)D concentration is generally believed to
be associated with physical strength. However, the serum 25
(OH)D concentration was significantly associated with neither
thigh muscle strength (P=0.1144), grip strength (P=0.3131),
nor the TUG test (P=0.6140). Even when comparing in these
three physical variables between lower and higher subgroups by
using any thresholds, there were no significant differences in
any variables between them.

Discussion

This is the first Jarge-scale epidemiologic study exploring a
possible association between vitamin D status and bone mass,
bone metabolism, or physical strength in postmenopausal Asian
women. The mean serum 25(0OH)D concentration (55.6 nmol/L)
and prevalence of vitamin D insufficiency observed in this
population were similar to those of other populations of am-
bulant Japanese elderly women [11,12]. The vitamin D status of
ambulant clderly Japanese, including this study population, is
well maintained even in winter, due in part to high dietary intake
of vitamin D from fish [11,13]. This study demonstrated that the
serum 25(0OH)D concentration was linearly associated with
BMD of the femoral neck in subjects with a serum 25(OH)D
concentration of 30 nmol/L or higher, This finding is in accor-
dance with the result of a large epidemiologic study recently
conducted [4] and supports a rationale that the serum 25(0OH)D
levels should be maintained 75-80 nmol/L or higher [6,14]. By
contrast, an association between the serum 25(OH)D concen-
tration and BMD of the lumbar spine was not significant. This
discrepancy has not been frequently reported in the literature,
but may be explained by the fact that vitamin D status affects
cortical bone more than spongy bone. This hypothesis is
supported by Stone et al.’s [15] finding that lower 25(0OH)D
levels are associated with hip but not calcaneal bone loss.
Regarding the association between the serum 25(OH)D
concentration and BMD of the lumbar spine, 50 nmol/L appears

to be an inflection point (Fig. 1). This study may have failed to
detect a true association due to the relatively small number of
subjects at high 25(OH)D levels. Further studies should address
this issue.

The present study showed that the serum 25(0OH)D con-
centration of 50 nmol/L or lower was associated with low BMD
(r score =—2.5 SD) of both the lumbar spine and femoral neck
(no significant increase in the prevalence of low BMD was
observed in the <30 nmol/L group due to limited sample size).
Study findings also suggest that vitamin D insufficiency is more
strongly associated with low BMD in the femoral neck than in
the lumbar spine.

Despite the significant associations observed between serum
25(0H)D concentration and BMD, the low R® values associated
with vitamin D status in multivariate analysis indicate that it
accounted for only a small proportion of the variance in BMD in
the study population. Results of the present study are in line with
the findings of two recent population-based investigations
targeting postmenopausal women. The Rancho Bemardo
Study [16] showed a slight but significant association between
serum 25(OH)D and femoral BMD, and the OFELY Study [17)
showed serum 25(OH)D not to be a significant determinant of
bone loss. On the other hand, there have been two clinic-based
studies in which the serum 25(0OH)D concentration was
correlated moderately with both spinal and femoral BMDs in
postmenopausal women [18,19]. As such, the strength of the
association between vitamin D status and BMD seems to depend
on which population is targeted.

Numerous studies have shown an inverse association be-
tween the serum 25(OH)D and intact PTH serum concentrations
[20-22]. The present study confirmed such an association with
a threshold of 50 nmol/L of the serum 25(0H)D concentration
for elevated serum intact PTH concentrations. This finding
suggest that maintenance of serum 25(OH)D concentrations of
at least 50 nmol/L is essential for maintaining bone health in
postmenopausal Japanese women.

This study failed to confirm an association between serum 25
(OH)D concentration and markers of bone turnover. Gallagher et
al. [23] also reported no or only a slight association between the
serum 25(0OH)D concentration and markers on bone turnover in
a healthy elderly population. On the other hand, Jesudanson et al.
[24] showed a negative association between serum 25(0OH)D
concentration and serum bone resorption markers and alkaline
phosphatase levels in postmenopausal women attending an os-
teoporosis clinic, Furthermore, an inverse relationship between
serum 25(0OH)D and markers of bone tumover was found in
postmenopausal women with established osteoporosis [25].
Taken together, these studies suggest an association between the
serurn 25(0OH)D and markers of bone turnover may be observed
in frail populations, such as osteoporotic women, but not in the
general population of postmenopausal women.

Our study also demonstrated that serum intact PTH is
associated with BMD of the femoral neck, but not with BMD of
the lumbar spine. The lack of the association with the lumbar
spine may be due to the fact that PTH affects cortical bone mass
[26] to a greater extent than spongy bone mass or because PTH
does not have as great of an effect on bone mass in elderly Asian
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populations compared to their European counterparts [20].
Moreover, BMD of the femoral neck was independently asso-
ciated with serum PTH and 25(0OH)D, which suggests that each
plays an independent role in bone metabolism and bone mass.
PTH may affect BMD partly via increased bone tumnover be-
cause high serum PTH was associated with both serum OC and
NTX in this study. On the other hand, serum 25(OH)D may
affect BMD not via increased bone turover, as serum 25(0OH)D
did not link to bone turnover markers in this stdy but probably
via increased calcium absorption in the intestine. The cross-
sectional nature of this study has limitations in its ability to
make causal relationships, and this hypothesis should be
confirmed by a longitudinal study.

Low levels of vitamin D have been reported to be associated
with impaired physical functions [27,28]. To the contrary, the
present study failed to demonstrate such an association be-
tween vitamin D status and muscle strength or the TUG test.
The lack of the associations in this study may be due to rela-
tively good vitamin D status (mean serum 25[OH]D concen-
tration, 55.6 nmol/L), the study population being relatively
young (mean age, 64.5 years), or ethnicity [29].

The elderly Japanese population has some characteristics in
terms of diet and bone health that make them different from
other general populations, They have lower calcium intake and
higher vitamin D intake than elderly whites [12]. In the present
population, 95% of the subjects had total calcium intake of less
than 800 mg/day, a daily calcium requirement in Japan [30].
Their low calcium intake (527 mg/day) might diminish an effect
of vitamin D on bone, and increase of calcium intake is hy-
pothesized to alter strength of the association between vitamin
D status and bone mass.

This study had some limitations. This study employed a
cross-sectional design, which is limited in its ability to detect
causal relationships. An intervention trial is needed in order to
establish causality. In addition, subjects’ participation rate of
this study was approximately 50%, and thus selection bias may
have occurred. For example, it is likely that healthier or more
active women tended to participate in this study. General-
izations of our results to other populations should thus be made
with caution.

In summary, the present study was the largest study to date to
examine the relationship between vitamin D levels and bone
health among Asian postmenopausal women. Our results sug-
gest that higher serum 25(0OH)D concentrations are associated
with increased BMD of the femoral neck, and that 2 serum
25(0OH)D concentration of at least 70 nmol/L is needed to obtain
high BMD of the femoral neck, and that of at least 50 nmol/L is
needed to achieve normal PTH levels and prevent low BMD,
While significant associations were observed between vitamin
D status and BMD of the femoral neck, the contribution of
vitamin D status to BMD is relatively small, suggesting a role
for other factors in low bone mass.

Acknowledgments

We wish to thank the staff of Health Promotion Division,
Niigata City Yokogoshi Branch Office for their help in data

collection. We are also indebted to Kyowa Medex Co., Ltd. and
Toyo Medic Inc. for the determination of serum 25(OH)D and
BMD measurements, respectively. This study was supported in
part by a Grant-in-Aid for Scientific Research (C) No.17590537
from The Ministry of Education, Culture, Sports, Science and
Technology of Japan, a Grant-in-Aid of The Japan Medical
Association (2005), and the Japan Osteoporosis Society
Encouragement Award (2006).

References

[1] Meunier PJ. Vitamin D insufficiency: reappraisal of its definition threshold
and bone consequence, In: Burckhardt P, Dawson-Hughes B, Heaney RP,
editors. Nutritional Aspects of Osteoporosis, vol. 167. San Diego, CA:
Academic Press; 2001 p. 172

[2] Pfeifer M, Begerow B, Minne HW, Vitamin D and muscle function.
Osteoporos Int 2002;13:187-94.

[3] Harris SS. Vitamin D and African Americans. J Nutr 2006;136:1126-9.

(4] Bischoff-Ferrari HA, Dietrich T, Orav EJ, Dawson-Hughes B. Positive
sssociation between 25-hydroxy vitamin D levels and bone mineral
density: & population-based study of younger and older adults. Am J Med
2004;116:634-9.

[5] Nakamura K, Nashimoto M, Tsuchiya Y, Saito T, Nishiwaki T, Ueno K,
etal, The threshold value of serum 25-hydroxyvitamin D ation in
relation to elevated seram parathytoid hormone concentrations in elderly
Japanese women. J Bone Miner Metab 2006;24:395-400.

[6] Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ, Vieth R.
Estitnates of optimal vitamin D status. Osteoporos Int 2005;16:713-6.
[7] Podsiadlo D, Richardson S. The timed “Up & Go™ a test of basic
functional mobility for frail elderly persons. ] Am Geriatr Soc 199139

142-8.

[8] Uenishi K., Ishida H, Naksmura K. Development of a simple food
frequency questionnaire to estimate infakes of calcium and other nutrients
for the prevention and management of sis, ] Nutr Sci Vitaminol
(in press).

1 Bth Jorgensen N, Madsen OR, Jensen LB, Sorcnsen OH. Relationships

bone mineral density, serum vitamin [) metabolites and caleiun:
intake in healthy perimenopsusal women. J Intem Med
1999,245:509~16.

(10] Nakamurs K, Saito T, Nishiwaki T, Ueno K, Naghimoto M, Okuda Y, ct al.
Bone mineral density and comelating demographic, lifestyle, and
biochemical parameters in community dwelling Japanese elderly women
aged 69 years and older Osteoporos Int 2006;17:1202-7.

{11] Nakamura K, Nashimoto M, Hori Y, Yamamoto M. Serum 25-
hydroxyvitamin D concentrations and related dietary factors in peri- and
postmenopausal Japanese women. Am J Clin Nutr 2000;71:1161-5.

{12] Nakamura K. Vitamin D insufficiency in Japanese populations: from the

tewpoint of the pr ion of sis. J Bone Miner Metab 2006,24:

( 1

1-6.

[13] Naksmura K, Nashimoto M, Okuda Y, Ota T, Yamamoto M. Fish as a
mqwmofﬂmnhﬁummmmzm 18: 415-6.

[14] Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-
Hughﬁ&ﬂsﬁmﬁmofogﬁmﬂsmmlﬁmofﬁm
xyvitamin D for multiple health outcomes. Am J Clin Nutr 2006;84:
18-28,

[15) Stone K, Bauer DC, Black DM, Sklarin P, Ensrud KE, Cummings SR.
Hormonal predictors of bone loss in elderty women: a prospective study.
J Bone Miner Res 1998;13:1167-74,

[16] von Miihlen DG, Greendale GA, Garland CF, Wan L, Barrett-Connor E.
Vitamin D, parathyroid hormone levels and bone mineral density in
[ ity-dwelling older the Rancho Bemardo Study. Osteo-
pomlntzooslﬁlﬂl ~6.

[17] Gamero P, Munoz F, Soull)rRmdnE.DulmsPD Associations of
vitamnin D status with bone mineral d bone tun . bone loss and
mnskmhul‘ﬂ:ywlwmﬁteOFEL‘fMBm
2007;:40:7T16-22.




K. Nakamura et al. / Bone 42 (2008) 271-277 27

[18] Mezquita-Rayn F, Munoz-Torres M, Luna JD, Luna V, Lopez-Rodriguez F,
Torres-Vela E, et al. Relation between vitamin D insufficiency, bone
density, and bone holism in healthy postmenopausal women. J Bone
Miner Res 2001;16:1408-15,

[19] Malavolta N, Pratelli L, Frigato M, Mule R, Mascia ML, Gnudi S.
The relationship of viamin D status to bome muneral density m an
Ttalian population of postmenopausal O Int 2005;16:
1691-7.

[20] Yan L, Zhou B, Wang X, D'Ath S, Laidlaw A, Laskey MA, et al. Older
people in China and the United Kingdom differ in the relationships among
parathyroid hormone, vitamin D, and bone mineral status. Bone 2003,33:
620-7

[21] Aloia JF, Talwar SA, Pollack S, Feuerman M, Yeh JK. Optimal vitamin D
status and serum parathyroid hormone concentrations in African Amencan
women. Am J Clin Nutr 2006;84:602-9.

[22] Nakamura K, Nashimoto M, Tsuchiya Y, Saito T, Nishiwaki T, Ueno K,
et al. The threshold value of serum 25-hydroxyvitamin D concentration in
relation to elevated serum parathyroid hormone concentrations in elderly
Japanese women. J Bone Miner Metab 2006;24:395-400.

[23] Gallagher JC, Kinyamu HK, Fowler SE, Dawson-Hughes B, Dalsky GP,
Sherman S5, ic hormones and bone markers in the elderly.
1 Bone Miner Res 1998;13:475-82.

[24] Jesudason D, Need AG, Horowitz M, O'Loughlin PD, Moms HA,
Nordin BEC. Relationship between serum 25-bydroxyvitamin D and

bone resorption markers i vitamin D insufficiency. Bone 2002;31:
626-30.

[25] Sahota O, Mundey MK, San P, Godber IM, Lawson N, Hosking DJ. The

rcInunuh:p between vitamin D and parathyroid hormone: calcium
, bone , and bone mineral density in postmenopausal
women with cstablished osteoporosis, Bone 2004,35:312-9.

[26] Sigurd G, Fi L, Steingri ir L, Sigvaldason H. The asso-
ciation between parathyroid hormone, vitamin D and bone mineral density
in 70-year-old leelandic women. Osteoporos [nt 2000;11: 1031-5.

[27] Bischoff-Ferrari HA, Dietrich T, Orav EJ, Hu FB, Zhang Y, Karlson EW,
et al. Higher 25-hydroxyvitamin D concentrations are associated with
better lower-extremity function in both active and inactive persons aged
260 y. Am J Clin Nutr 2004,80:752-8.

[28] Gerdhem P, Ringsberg KA, Obrant KJ, Akesson K. Association between
25-hydroxy vitamin D levels, physical activity, muscle strength and
fractures in the prospective population-based OPRA Study of Elderly
Women. Osteoporos Int 2005;16:1425-31.

[29] Nakamura K, Oshiki R, Hatakeyama K, Nishiwaki T, Ueno K, Nashimoto M,
et al Vitamin D status, poswuml! sway, and the incidence of falls in
elderly commmumity-dwelling Japanese women. Arch Osteoporos 2006;1:
217,

[30] Uenishi K, Ishida H, Kamei A, Shiraki M, Ezawa 1, Goto 8, et al. Calcium
requirement estimated by balance smdy in elderly Japanese people.
Osteoporos Int 2001;12:858-63,




Osteoporos Int
DO 10.1007/500198-008-0764-2

ORIGINAL ARTICLE

High prevalence of vitamin K and D deficiency
and decreased BMD in inflammatory bowel disease

A. Kuwabara + K. Tanaka « N, Tsugawa - H. Nakase -
H. Tsuji - K. Shide - M. Kamao - T. Chiba - N. Inagaki -
T. Okano - 8. Kido

Received: 28 November 2007 /A 2008

P e
pted: 3 Sey

@ International Osteoporosis Foundation and National Osteoporosis Foundation 2008

Abstract

Summary Vitamin K and D deficiency and decreased bone
mineral density (BMD) were highly prevalent in patients
with inflammatory bowel disease (IBD), especially Crohn's
disease (CD). Dietary intakes of these vilamins, however,
were above the Japanese adequate intakes in IBD patients,
suggesting that malabsorption is the basis for hypovitami-
nosis K and D and decreased BMD.

Introduction We have studied the possible involvement of
vitamin K and D deficiency in the pathogenesis of
decreased BMD in IBD.

Methods Seventy patients with IBD were evaluated for
their BMD; plasma levels of vitamin K; phylloquinone
(PK), menaquinone-7 (MK-7), and 250H-D; serum PTH,
protein induced by vitamin K absence (PIVKA-II), and
undercarboxylated osteocalcin (ucOC) levels; and their
food intake.
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Results Compared with ulcerative colitis (UC) patients, CD
patients had significantly lower plasma vitamin K and
250H-D concentrations; significantly higher serum levels
of PTH, PIVKA-II, and ucOC; and significantly lower
BMD scores at almost all measurement sites. More [BD
patients were vitamin K deficient in bone than in liver.
Multiple regression analyses revealed that low plasma
concentrations of vitamin K and 250H-D were independent
risk factors for low BMD and that they were associated
with the patients’ fat intake, but not with their intake of
these vitamins.

Conclusion IBD patients have high prevalence of de-
creased BMD and vitamin K and D deficiency probably
caused by malabsorption of these vitamins.

Keywords Inflammatory bowel disease - Malabsorption -
Vitamin K - Vitamin D

Introduction

Crohn’s disease (CD) and ulcerative colitis (UC), collec-
tively termed inflammatory bowel disease (IBD), are often
associated with osteoporosis, the pathogenesis of which is
considered to be multifactorial including inflammatory
disease process, low body weight, calcium and vitamin D
deficiency, and glucocorticoid use [1-5]. In this paper, we
focused our attention to the possible involvement of
vitamin K and D deficiency in IBD-induced ostcoporosis
based on the following considerations.

Vitamin K has received far less attention than vitamin D
in the development of IBD-related osteoporosis [6]. The
most fundamental role of vitamin K is to work as the
coenzyme of hepatic y-carboxylation of four of the blood
coagulation factors [7]. Recent evidences suggest that
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vitamin K is also essential in the extrahepatic tissues
including skeleton and vasculature [8]. Fracture risk was
increased in subjects with low vitamin K intake [9, 10] or
increased serum undercarboxylated osteocalcin (ucOC)
level, which is a sensitive marker for skeletal vitamin K
deficiency [11, 12). Furthermore, recent metaanalysis has
shown that vitamin K treatment decreased fracture inci-
dence [13]. These findings prompted us to study both
vitamin K and D status in [BD patients.

Next, the vitamin K and D status of IBD patients has been
studied by evaluating their food intake [14, 15] or by
measuring circulating level of these vitamins [6, 16-18], but
rarely by both [19, 20]. Patients with IBD have been
reported to be at high risk of malabsorption of these
vitamins due to intestinal inflammation or intestinal resec-
tion in some patients [6, 18, 21-24]. Therefore, the patients’
intake of these vitamins may be discrepant from their
circulating levels. Thus, we considered it mandatory that the
vitamin K and D status of IBD patients should be evaluated
by studying both the patients’' intake and plasma levels.

In this paper, we have studied bone mineral density (BMD)
at various sites, measured plasma concentrations of vitamin K
and D as well as markers for their deficiency, and evaluated
the patients’ food intake to clarify the possible involvement of
vitamin K and D deficiency in IBD-induced bone loss,

Materials and methods
Subjects

Seventy outpatients with IBD (CD, 29 and UC, 41) atiending
the Gastroenterology Clinic at Kyoto University Hospital
participated in the study. Excluded from the study were
patients already treated for osteoporosis with drugs such as
bisphosphonates, calcium, vitamin K, or vitamin D. None had
history of fragility fractures. Consent to participate in this
study was obtained after explanation of the objective and
protocol of this study. All subjects except two with CD and
one with UC were receiving S-aminosalicylic acid. Eight
patients with CD and 17 with UC were under oral
ghicocorticoid therapy. Immunosuppressive drug was pre-
scribed to 19 patients with CD and eight patients with UC.
Three patients with CD, but none with UC, were on combined
therapy of infliximab, oral glucocorticoid, and immunosup-
pressive drug. None of them were under warfarin therapy.

Measurement
Biochemical measurements

Plasma samples were stored at —30°C with protection from
light until analyzed. Plasma vitamin K, (phylloquinone
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[PK]) and K; (menaquinone-7 [MK-7]) levels were
determined by high-performance liquid chromatography—
tandem mass-mass spectrometry with atmospheric pressure
chemical ionization (LC-APCI-MS/MS) using a HPLC
system (Shimadzu, Kyoto, Japan) and API3000 LC-MS/
MS System (Applied Biosystems, Foster City, CA, USA)
with '*O-labeled vitamin K as the internal standard [25].
Plasma concentration of 250H-D was measured by
radioimmunoassay (RIA) (DiaSorin, Stillwater, MN,
USA). This study was done between September and
November to minimize the seasonal variation in serum
250H-D levels. Serum intact PTH was measured by a fully
automated immunochemilumetric assay (Nichols Institute
Diagnostics, San Clemente, CA, USA) with 15-55 pg/mL
as the reference range in Kyoto University Hospital. Serum
protein induced by vitamin K absence (PIVKA-II) and
ucOC levels were measured by electrochemiluminescent
immunoassay (ECLIA; Sanko Junyaku, Tokyo, Japan) as
the markers of hepatic and skeletal vitamin K deficiency,
respectively. Serum NTX-1 and bone specific alkaline
phosphatase (BAP) levels were measured by enzyme
immunoassay (EIA) (Mitsubishi Chemical Medience,
Tokyo, Japan)

BMD measurement

BMD was measured at the lumbar spine (L1-4), femoral
neck, total hip, and distal one-third of nondominant radius
with dual-energy X-ray absorptiometry (QDR-2000, Holo-
gic, Waltham, MA, USA). BMD (g/cm®) values thus
obtained were expressed as T or Z score. The diagnosis
for osteoporosis was made according to the World Health
Organization criteria with T score below -2.5 SD and
between —2.5 and —1.0 SD being diagnostic of osteoporosis
and osteopenia, respectively [26].

Dietary intake

Dietary information was obtained from |-day dictary record
completed by the patients [27]. Based on these records,
their intake of energy and nutrients was calculated using a
software (Healthy Maker Pro 501, Mushroom Software,

Okayama, Japan).
Statistical analyses

Statistical analyses were performed using the SPSS 15.0 J
for Windows (SPSS Japan, Tokyo, Japan). The difference
between two independent groups was analyzed by unpaired
t test or Mann-Whitney test depending on normality.
Multiple regression analyses were performed to determine
independent risk factors for plasma vitamin K, 250H-D
levels, or BMD.



