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B FREAL (g/H)
LxhE 290
O AF T 75
Ry 125
L-vVAF v 0.75
o— 2 TH 90
[ SRV -}
FTIv 1.2 mg
URZ7Iv 1.5mg
EY RFT 210 mg
T Aa)Ne R %ﬁ?
FA T 500U
B4 D 5000 U
BEXIVA 12 g
[ < B
I R TVE
VUi 136 mg
HEE T VT L 326 mg
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VU KEHD T T A 88 mg
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9. MNA JEHEEN Img/H L 725 T A4 T v Y EENE

Sk ®ERE MNA HEHE5D' 1 mg/B &753 NE BINE
Goldsmith 5(1952)* | 5 8Dk, 12.6%3.0 (23%) =6.8 mg NE/1000 kcal
25-54 7%
Goldsmith 5(1955)* | 3 8Lt 10.9+0.9 (8%) =4.9 mg NE/1000 keal
26-60 7%
Horwitt 5(1956)* 7 2NDBM, 11.5+4.5 (39%) =4.9 mg/1000 keal
30 - 65 7%
Jacob 5(1989)*” 7 BDBIM, 11.3+4.6 (41%) =4.4 mg/1000 kcal
23-39 B

£10. BFEXBEBER (LF64, BE354) ~OEI L OREREHFE™

Steps Nam (g) AsA (g) Pyridoxine (mg) Ca-PaA (mg)
1. Base line (2 wk) — — — -
2.3-4 wk 1.0 1.0 200 400
3.5-6 wk 1.5 1.5 300 600
4.7-8 wk 2.0 2.0 400 800
5.9-10 wk 2.5 2.5 500 1000
6.11-14 wk 3.0 3.0 600 1200
31
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#F11l. =aFor7 I ROKEREIC X 5 RER=E
R kE& e il G2
I BUER IR B 16
Vague et al’® 4, 3000 mg/d 6 7 A 2L
SEHE R 22.1 %
I BpE pRyw A 20
Mendolaetal’” | 4, 1000 mg/d 45 A 7L
B 18.3 Tk
I R IR B 35 100 mg/age/d
Chase et al’® 4 = 12 72 H 2L
’ 1500 mg/d
6~ 18 2 (B K mg/d)
I BUHE R AB 56
Pozzillietal” | 4, 25 mg/kg R E/d 12 78 7L
5~35 &%
FK12. —aF U BORERSICLDEERS
R 5 & 511 LSz
The Coronary  PEEdRENRIME s o/d 54 SRR EMERIER %, THIb
Drug Project™” LM F g2 8 B, Rk E
Knopp etal®”  [Ef5MERE  |1~3 g/d 6 > H ML, K&
Fraunfelder et | e v | - . _ RIS, oA R
alt? EEMAESE PB~8gd . IS
ek . EHal AT o— INOAEL 500 mg/d
alg%) emey et by s 0.5,1,15,2,3g/d RSB T6EM| (6.25mg/kg bw)
(%7 80kg) LOAEL 1000 mg/d
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1.00

1.41+0.200 mg/day
0.38+0.059 mg/1000 kcal
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Urinary excretion of
thiamin (mg/day)
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Thiamin intake (mg/day)

7. EXIVBERELRT~OEZ I B HEE L 0GR

BERE n=8, KEA, 4~17TEDOBT. BFIL3,582kecal. 7mAESE=R/LF—IE 12.3%

(110g) , M= F—HiT 36% (143 g) , RAKEHT R XF—IL 52% (456¢) . NER
FTIVEEZBRIELEFLHRS. AW/ 10 HE. ROMEIZSHM D day 6~Day 10 D
5 B O&#EERE OE 4~ DEOFEAE +SD.
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TTF)VIVAFA= ; SAH, S-TF ) VIVKREV AT A ; MTHFR, AF L5 hTk RoiE

5-AFNTF FSk RaER-RLILE I UV

SRY TE I VB 10-CHO-THF-Gn,10-745 /L X

L &7 52—+,

41

693



BEAFGBE A EME (RRSRE - HRASEEBERN RS EE)
(kef) HEmEE
&

HANDOEFEREAEDOREICE T 5 RHMMER B O RETMICE T 2575

R # I /ST 5 RFERAEOREICE TSV P —F 7 22 F 3 » LHERHNER
ZHPEZEHEE AT F X FREREFRRVERESR)

R E

JEEMEE 2 2 T A AEEREEOREICB T, BEbBEL R0 EX I DKRNTE
AIVKTHDH, ZITERTAREEERRAPNO0H D, ETEXIVORZ ELVBEDOR
ROBHRTHD, EX4 I DOHE, RZIZED 7NV - BEALENEZ 208, NEOFEEEITY
AT DPBERT D, EEEDE I REAEEEL T bERRBETHY iz sy I Kz
WT, BB COBERFIEE L EIRE L T 500, BN THOREZEET20MCLY, BRESK
EL B D, ETRIBIORELURE. T AV A HFHinb AN T 5 EH I DIZOVTO Dietary
Reference Intakes 3HEINTEY, ZNEEFOLITHEIRENLELREE R TH B,
e & L B LT, BRERE O LI ICEZ DD EV I RIRE S NE L EERAT
HHLEZ ICENNREL LDV Y —F /oA F a VEREL, WMBRE L L E2—%21To 72,

A. TFEER FITIEEMEEZ I ACHONWTIE, 0 XL)

fEEMEE ¥ I v 4 BEOF T, BFERE EE L E L2 E Lizizd, s
EREICBWTROMEBEE R 501E, BURT FORRENTETAIANRER T bDL
ITEX IV D ThHA I £ I TRFEEFTIL o TWNWAHZ &%, THEBENZ,

X IVDOERIIBVWTEET NEMEA

EEIR L, FIUCKT HBREITo T, B. BfEFE-C WA D, EE-E. &
X IV DIKRWTHIEE 22 D1%, B4 2 i
VK ERDNADT, ZHIZOWTHETD AHEEL, BEOMAREELIRRY
AT o 7, EREToERRERTLOTIERL, &F
AHFFRIEOREE L LTE, STREBH L BEREEREOZDORFHERELTTHOT
T, OV B2 —%{TolEReBR5 &0 HOHID, FHik k- BELNH BED
D DPERAZANTEH D L BbiLd0, EREOERZ R UV, F2TEHO
E#IDs X IKIZELTIE, X% VY —F 7o XF g ZLIZF LR TH
FIELTYAREERT DI bDBAALE ~D,
BEThDHNR, EDL D RERINERICESHD
TIREZITOONEW D Lo L ARERES DY, MEFIVORZERRE
SREIORbRERBETHSLEZ LN, RUNCIEEMEEZ I (B4 D v 4
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IV K) ST O REEIEEREICR TS
EARRIE Z FIZOWTH~ S, FRICREICA
HDOHR, BHX I DRZ(deficdency) & R
(insufficiency) DiE, MEEE L LIRES

ATINENENI 2RTHLEBDONDLDT,

ZD2RITONWTIHEARD, F-EXI - DIZ
DUNTIE 2010 FRROFELUBEIZ, T AU H -
HFTES, AT A BEXZIDICEL
T, TRETLREHEROEREZLFLE
bORERINTEBY, TNEEDLHITE
ADDPDBRERBETHDHOT, ZORIC
DNT b filin iz,

EX I D RZIZED 7V - BEGE,
B4 I K KRiZ(deficiency)iZ & 5 Hi g m
EZIUBlRZICEDHR R E . EFI UK
ZiE, WM RRZIEEZGIEEZT, Lol
EFEFNLIVRBREOBNAETH-TH, &
BIREOY R BBMEE LI EMEREN
TWa,

XD EFICHERDE EXZI DO
B b BARMBRENIGE b O A>T LIRIT
RETHD, ZDHEH I D RRIREEIC
BOTiE, BOANLVYV T LRTURERD
BhN T LMEZ<Tew, ZRMERIFR
JREgRE TTEESE Z Y . BRI (Bx Zp7
L) MEESHh, BHREZEE. B0
URITBNERTDH, LOLLEITY A7 BEK
LTWREIEE-TH, Z/WREITERD
% NiZBW T, BROBRFIZA LN
fe, ERARAICEA A TOZEMNHEICTE
L0 TR BREISASLTV,

RZThDINVEE - BRET., BV
ATERONTNE BT ONIL - T, ©
ZIDOMBEEEIRESERD BFEI
HEOREIZHT=>T, RZOPIEDH %D
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STon, REEZLEETLO0E, EEIC
BEELBETHD,

QRECHEEMEAND DN

BX X BRI, B R ZIEDOHEN D
FERLTCE RN, EFEZO LD ol ipy 2k
FHEML - TERIBERELIAMC b BB B 285>
ZLEDBHLMNRER ST,

I KEFNZZT D &, IiREEE R+
DH B 4D (I-VI-KX-X) IZBWT, 7
WX VBRI S DI N R VR E
AT 53R v -glutamyl carboxylase DF#EER
ELTERT 2, oIS (Gla k) 12k
T, IRHMRERERFIZIN T T LA T
RZREEER., TRbbEER SN, 2D
D E S I K RZIEIZEBW T, MmigREEE
NEEIND, EXIVKOKIE, FAVEE
? Koagulation (BEE) (ZHKT 5,

L LITFE X 2 KIRFMEIZ Glafbsh
% 7o AE < B RILIREEE R - LM B AFTE L.
HEELAENERZ R L THND Z LML
MERS>TEY BOFARAT A AN NTE
DRENLRbDTH D,

Gla fbahTWihWART A v
(undercarboxylated osteocalcin) O Ifi. 7 &
L, BB a4 IV KIEHRNEDOREE L
%, EFEHIIND, BX I KERODR
WEEIZ R W TR BN OB U X7 5&
FoTHRY, Fmd ucOC BEEMEIL, B
BEKTEIMSILEZEHOY A 7RFTH
LI EbmEINTND,

fREIFAIEIE O . IBE LRS-
Z IV Did, £ TIEEEE R+ O Gla
BICRIR S, TD®RERE, TNUSNDIE
FHIZIE T B (first pass effect), Z D7z DTN



THEHARLTNTH, BTIERELTND L
WHORRBEZVED, TRDbLEICETD
HEEIIFBE V£, EF I KOKREID
BT, FigCoOERIZESS O, BEH
ELEETDIOMNIE T, EAKREL B
> TK b,

(37 AV H - 1FH D Dietary Reference
Intakes for calcium and vitamin D

ZODRISIZBWNTIZE Y 2 Dizx LT,
PO BRBEADTIERL , HEFYLEE
(EAR) « #IEERDA)DED b7z,

EXIVDIRAREEZIVCDOEER
B S OB, S (UVB)DIEH
kY, HEBICBNTHRYDENELESH
HIERKRERFETHY, ZOZLNEE
BREEREICR T A K& MR L 25,

EARTH e OEVPELEAINDLULE, BF
FAEEIT 2> CHONEREHEDO S I
D ERERT T, mRICiE s e s
VDORBEEEZR, EZTTAUD -
JF & D DRIs Tid, B4 2 D EEIRIED
EbLIWEETHDH . MIE2B5 E Fed s
2 v D50OHD)E EIZE-S < BEMThILT,
EEEEH 22 DICOWTIL, B O
LMy, Eae 0EBERANRE S TW
LA, BIFFE T DRIs SREDHRILE LTREY
BTSSR T VAEREOLEZHD
TEERAOATHS L LT, ZHIZESWE
KIENMTONT,

1% 250HD ¥ 40nmol/L 23 50% D A
FRTDH. 7725 EARIZHMEY L, 50nmol /L
2 975%DNIRFRT D, $70iH RDA IZ
YT HL0L SN, ROWTI DM FRE
25252 DERERRDLZ LT
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20, RO XS ICARIZE > THERNTE S
IV DBARENDDT, BEDIFIET EAR
X RDA ZRETHZLILTERY, 22T
ABEEER L, HRICEAE X I D EE
DR LS LEMOT — & TSN THRED
Thoiniz, L LonECBWTiE, [F—xt
SEIIX LT, E¥4 I D EREL MF
250HD % [FRFHIE LB E & A E72 <
BE DT — & 72 EXRIR DT, T AY
AT EOFEREFOEFEATLH L
EREETH Y, LI OAEOHIRTIE, Al
EEDDLDPEYE EEZ b,

@WEZ I DIZxtT 23 Al ~BEHEREDO T
EVRETA FF A2 2011 & OBSE-
ZOEOFIRIC OV TIIRFIC, RAPEE
NTNWDZ L& ZTAMBENY, REERA
% 2010 FEARIZH T D AL IE, BRAIZBWT5E5
png THHN, —H HARBHREFSD-EH
BRIEOF L IBET A KT 42 2011 TiE,
[BHERIEIREDIZOD N T A, EX I
¥ D, I KEREEE | LWVWIHIHEIC
BWT, ¥ DI0~20pg (Z/'L— K B)
LE#E I TnD,
—RRELRTEERH D L5 THAHB, AR
ANOREBRAE T (EFEANEZTED
Exge LT, EROBEHREORS - #BiE - £
EEIEREOTHO-DICEBRT 5= R F—
FRORBROEEZ T LD THY ., TA
RIALVIFEIETHRL, BHREDOT
B « REDOT-HOLOTHY . MEIZBET
L ABERSTND,

BREBEHREDT (BEOKT &, BOMM
WEOHEFE L TORETHY, Ok
DIZEITOERSE LI2RE] THY ., B



DY AT REE > TEE, it Tne T
LT - IRRETREEBETHD, TbHAE
EEERMICHEMINIEETHS, E2F
HUBRE S D BT D ER - MR AT,
BHEIED T EIGET A KT 4 2011 128
W, 7974 ~ 9895 [EM LHEESNTEY
BEEDG)OMBIRB L T RENE I N &
BOBFFRECTHDH L Ebivs, Tbby
ZIDICHTDEAIZEDLIZEDDD
DE, BHRE, BT THEEOL ICED
ZDDOMIIKRESHEINDIHDOTHY , &
B E DT CEERBLETH A 5,

G EF I D OMAELREULZES>EX
L7

TAYT « FFHD DRIs (IZBWT, 3k
UL OFREEEA N T LMFED X 5 723
RIZEDSNWTED BN TE 2, RHIHRE
BRIZEAHERY A7#MEZHEE LT UL
EEDDHRETERVWDEBREN TN D,
LWLZDES72 UL DL b2FHIE, bHRE
BT OHEMLEITERSTZbDTHY . T A
UJr-5+ O DRIsIZEITSHULDES xS
. FOEEONEICEAT S & FEYT
b D EEZ LN,
FOTDHEUERNPDLDIFTEZ L >TED D
T LR, ZZTRLMEBEICRD DR,
TROMLEEDEITHEI ML VI ZET
HD,
Narang NK, Gupta RC, Jain MK. Role of
vitamin D in pulmonary tuberculosis. ] Assoc
Physicians India. 1984 32(2):185-8

UL 28z CEEMIZERT 2 & mEHER
(& o TEUDEERNREREED U 2723
BEDLDOTHDHMH UL DREZ T FaRA
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VR E LT ARBRIIHEAICEER S Y |
EhaIRETH D, DX AF T, ZOH
L EOE X I DEREEG LN AR T
HDOH, FEMICHTT & BLANENID LA o
< %,

ZOMXIE, BX I D OREZNNIEE
IToT@msl TR <, XTI T8« AL
I - 1@ MEPAZEMERIZR f(COPD)., IIAE : 158
PERERZ, IVEE : JEIEBIMEREEE. VEE (1R L
TRERED 5 BEICB T x5 150 B (B 114
B, 36 ) ThHY ., BEE0HIE DI
5 BEIZ 431 L 4001U, 8001U, 12001U,, 24001U,
3800IU/ HOE X I D 2HFE5IN T3,
EX I DITBMETICAED TH D L bE
ZAHNTNDZ e, FREHEME LI
ARBRTHY, BX I DICHTH UL OK
ENTTA~Y)—x KA 2 N Tidiel,

B4 3> DI, FFIRT 25k LEEE, B
BT 1a/KBLEEROER 251 ¢, TEHEA
[ZR50, ROEELRFISTHLBIED 1a
KEREEE SR IEE i SN T D, Lol
fEZ 7 EORIFEMR R T, REFERATIC
1o KEMLEER N BRIFE IS D7D BRI
AT LAMFENEZ DT, Prads
R—Y 2ANRBHFLTEN, FBETHLNRD#
ERH D,

L7z oTIDR D REFRREE SR E L
“ER X% UL OWEIZHANWTS Tnohén
DEEMNAELTL b, FEloZ0mILIE, X
VDO ULREZ BIEL L72bD TR
DT, WAV TLREZ, B4 I DRl
FEDOBUHIRIRIE L 72 B8, REFEANT T LD
HIE ATV,

ZOWDIERBERW AR &, 250 g/
HARBTIREI ALY Y AMEDHEITZR SN



RNDT, T EEREEEIERRENOAEL)
EL, TAUH - AT XD DRIs IZH¥EHLL T
RHeEMERF(UFR)% 25 & 45 &, UL IZ 100
pg L5, F£721250ug TEA/LT T AL
JEEZEZ LIZEWOHRENRHLDT, Thz
R EREEERHEELOAEL) L L, UF # 10
ETHEVIFETEDTYH, IZIEFRZOM
L5, ’

OIRIHTHEZ I DD Al
FLIRICR LTI AL 2D 500N REAITH
. BERENCIT R T ORBERREE &R
LIEROEAERE (0.78L/H) OFELTDHD
BERTHD, LrLEX I DIZEL T,
BHTRES LTEDEZRMAT 5 D005,
HLOMETHD,

PEFDRNEFIET & - THIE = ’REFLF
EH Iy D BEL LT, 3.0ug/HOERHE
B E N TV B M (Sakurai T, Furukawa M,
Asoh M et al. Fat-soluble and water-soluble
vitamin contents of breast milk from
Japanese women. ] Nutr Sci Vitaminol 2005;
51:239-247), #FHITFAFE S iz LC/MS/MS
EIZEHPETIE, 0.6ug/L DENHRESN
T35 (Kamao M, Tsugawa N, Suhara Y
Quantification of fat-soluble vitamins in
human breast milk by liquid
chromatography-tandem mass spectrometry.
J Chromatogr B Analyt Technol Biomed Life
Sci 2007; 859:192-200),

IhbDHmEIL, BB HETHE
SNEDTHY, FHEWMDEWHRED
T FABIRY TR EEZ BN, 2
WTNOEE AT 202K o T, AL OERN

REL{EDL->TLEI, TITHRRTIE, 4
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IBITJAEXZI DO ALICELTIE, &
AP ORBRBEE I CERELRAROFAEBLE
(0.78L/H) ZFELD EWVWH, BEOHIER
BRATIORRETHY, 7 VFEFHOBA
MORETLHONREEEEZ L,

7 AV INRBFESTIE, 2003 F0OH A K
TAAAZBNT, IR IO HEREE L
T5ug/AZEEDTEY, ZNZELT LD
DEYTHD LBz, 7238 2008 FD 7 A
FZA4TIE 10pug/ BBREZ SN TVDD,
EREITENE bHREINTNDZ L2b,
LROERZEL EZEZ LN,

MEZ IV KIZXHTDH AIDEZT

—eRZ  REREROBEZTH V| IR
LTEOEH IV KARO~Y—I—ZREL
T 5 (Blood 2004, 104:2682-2689), 7272 L Z
EHEEE (V7 rYy) 2RELEL
T, B IV KOERZRTHD &) REk
BRIETFA o THY, ZhEXRZ - TRE
BrLEZ2 T, FNICHE ST EAR - RDA %
EODHZ LIZ#EETIThwWeEBbhi, 75
ERFIVIERD I ST, Al ZED D DN EY
ThdeBrbini,

ke Z I KOLERITH 1 ng/kg (FE
JEBMBEELE SN TWAED, FTRRORINE
DL L 72> TN D,
Suttie JW, Mummah-Schendel LL, Shah DV,
Lyle BJ, Greger JL. Vitamin K deficiency from
dietary vitamin K restriction in humans. Am
J Clin Nutr 1988; 47:475-480

IR 10 ADOBFEEEHZR L LT, 17

IEER, 847 AL ¥ I UV K RZA4E
REEZLOTHY, 29 HUUMRIZ, 2 I
K RZEERZ R L 2D, 2940 BT



phylloquinone (PK; 4 X K1) % 50ug/
HE71E500n g/ B2 R S, 4147 HITIE
Img/AZRAEETZ D TH D05, 3O
e W ONDORIESERH 5,

3% PK JEEE XA 5402, 500 1 g/ BEETIE
EE L TWDA, 50u g/ H TIEEEL TV
WIZHBED LT, BIOETIE, 50ug/HEEE
5001 g/ BEEDRINITAEBEENRRINST2DT,
MEEDFERZ H O T LIz L ENTE
D, TNENOREDEIFRIN TV RN, &
BE N=4~5 LW DT, Whwb &1 71
TI—ThY., ZORRIIEHELPEFELN &
ZREA L7c D CIERW AR B,

ORI BRBEEToTICHEDE T,
p<0.1 ([ LB E 2 WFERDH Y . OES
T p<0.05 #H o THEKAEL LTNDIZ
HLEDLT. ZOESIET p<01 AEE W
S TNBH2RE | RAMRIRFEEHLE &7 55,
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1. Introduction

SUMMARY

Background & aims: We have investigated the possible risk factors for vitamin K deficiency in subjects
with severe motor and intellectual disabilities (SMID).
Methods: Eighty-two SMID patients were evaluated for their vitamin K intake, serum PIVKA (protein
induced by vitamin K absence) -1l and ucOC (undercarboxylated osteocalcin) levels; which are vitamin K-
dependent hepatic and bone markers, respectively.
Results: Thirty-six and 19 patients were receiving enteral nutrition (EN) and antibiotics, respectively.
Although their serum levels were above the upper reference range in 52% of the subjects for PIVKA-II and
30% of those for ucOC, overt abnormalities in blood coagulation were not observed. Multivariate analyses
revealed that EN and antibiotic treatment were significant predictors of the serum PIVKA-II and ucOC
levels. Antibiotic treatment affected their serum levels differently in those with EN and those with oral
intake (OI). In subjects without antibiotic treatment, vitamin K intake was significantly correlated with
circulating levels of PIVKA-II and ucOC, and the breakpoints of vitamin K intake for PIVKA-II and ucOC
were 2.5 ng/BW/day and 5.5 nug/BW/day, respectively.
Conclusions: Vitamin K deficiency was highly prevalent in SMID patients, especially in those receiving
both EN and antibiotics. Considering the facts that much more vitamin K is required in the bone than in
the liver, and the SMID patients are at high risk of fracture, vitamin K supplementation would be of help
in these subjects.

© 2012 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

defined in the Children’s Welfare Act. Therefore, SMID includes
various diseases that occur during the prenatal period, the neonatal

Severe motor and intellectual disabilities (SMID) or neuro-
developmental disabilities is a term proposed in 1996 that refers to
patients with severe physical and mental retardation. Most SMID
patients are bedridden or remain in a sitting position, and are
characterized by an intelligence quotient (IQ) lower than 35. SMID
is a legal term, the diagnosis of which is made based on the criteria

Abbreviations: SMID, severe motor and intellectual disabilities; ucOC, under-
carboxylated osteocalcin; PIVKA-II, protein induced by vitamin K absence-II; CP,
cerebral palsy; OI, oral intake; EN, enteral nutrition; AEDs, anti-epileptic drugs.

* Corresponding author. Tel.: +81 6 6723 8181; fax: +81 6 6723 8348.

E-mail addresses: a_nagae@biwakogakuen.or.jp (A. Nagae), kuwabara.akiko@
osaka-shoin.ac.jp (A. Kuwabara), k-tozawa-eid@hhc.eisai.co.jp (K. Tozawa), m_
kumode@biwakogakuen.orjp (M. Kumode), takeuchi@belle.shiga-med.ac.jp
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period, and the first 18 years of life. Neurological abnormalities
associated with multiple comorbidities constitute the fundamental
pathophysiology of SMID patients, and are closely related to its
treatment. For example, most patients with neurodevelopmental
disabilities have dysphagia, which necessitates enteral feeding."?
SMID patients, with diminished food intake, are likely to have
a deficiency in their micronutrients status, which may have
important clinical implications.

Vitamin K is essential in maintaining normal blood coagulation.
In four of the coagulation factors (I, VII, IX, and X), the glutamyl
(Glu) residue is converted to a y-carboxyglutamyl (Gla) residue
catalyzed by y-carboxylase, which uses vitamin K as a co-enzyme.
This conversion allows these coagulation factors to acquire the
ability to bind calcium ion, and leads to their activation.? Therefore,

2212-8263/$36.00 © 2012 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights reserved.
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