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ABSTRACT

Vitamin K takes part in both blood coagulation and bone metabolism via the carboxylation
of glutamate residues. This study was performed to examine the relationship between dietary
phylloquinone intake and bone mineral density(BMD) among postmenopausal Korean women
(n=70, age=56). The bone mineral density of the lumbar spine and femoral neck were
measured by dual X-ray absorptiometry(DEXA). Daily intakes of phylloquinone and calcium
were assessed using a food frequency questionnaire. As a results, body weight, height and body
mass index were not correlated with BMD. However, the number of years since monopause
and daily intakes of calcium were significantly correlated with BMD. Although daily intakes of
phylloquinone were not correlated with the BMD, women with relatively high BMD
consumed more phylloquinone than those with lower BMD. The average daily phylloquinone
and calcium intakes of the 70 postmenopausal women were 725.8ug/day, ten times more than
the American RDA and 406.7mg/day, 1/2 of the American RDA for those nutrients,
respectively. The major food sources for phylloquinone were seaweed, spinach and kale,
whereas the food sources of calcium were milk, sardines, and yogrut. Further studies are
needed to clarify the effects of dietary phyloquinone on its serum levels and BMD. (Korean J
Nutrition 30(3) : 299~306, 1997)

KEY WORDS : bone mineral density - vitamin K - postmenopause women - undercarboxy-
lated osteocalcin - phylloquinone.
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300/ 573 A ell A wlebwl K A< FH=

35~40H7HAE adE FAHD 12 o|FREE & &
o] dojyth & A4S dutx o i BFo|A uf
10dete} 3~5% FEe] 24&S Yehla, 53] 94
o] A H7A0lFT 45~T4NM e FT Fge] 9%
7A ol2m Yo’

FrhEEe gk 4l 9fste BAE L o TR
o) welz Buso] glon fA EE S, 9%,
AF AW AASE B5F 5o 9P wetP
#Hu} o8 29150 Ao |- Fxo] JHHE
AR 5ka QQEA A B ATE oF] nu|e Fejott.

AT FoeE wd e viAE QA5 FelA
H]eH Kol #ak A77F Y SA A Edd A
ole}, HlEM Ko F8 7]%& ¥A-g3A| glutamic
acid® carboxylation A7) 9&& dt= A=
thAtoll A carboxylationd E3td 83 48 It
10 2o Zadl tgoF Be AR Ay Gla-
protein®.® E2]$E osteocalcinelzte Aol
Osteocalcin® EA42k(4.9kd) o] 22 vlwgd Tz
2A §UsA T ¥ £ e opm
gamma-carboxyglutamic acid(GLA)E 371 E#st
1 9low, 22A3} otz gt SolatA LHAT
W Glutamic acide BlER Kol ¢J3t9 carboxyla-
tiono] Helof 271 A7 A 4 lom, Wk K
AWOo 2 carboxylationo] HA % osteocalcin
under-carboxylation® AHj2 ddoz ZeeA
ddt wid] dF carboxylatione] ¥ under-
carboxylated osteocalcin(ucOsteocalcin)®l S7+e
el K 29829 7HsA e AR,

Plantalechs'V0] olgt #se} HAA, 27197,
#7% o437 vl Ko antagonist?l warfarin A
SRS AR AR AT 23, #A78F
oA 2 warfarin AEIFNA H7ZA o/l v &
Z ucOsteocalcin®] FIAIA ¥& R Bkt
T3 Knapens'e #7007 vER! K& B34
% % osteocalcin® T=7F fe4d Al F7HE
wrg sl vl K7t #7049 22 &4 F
o 282 sl AL Ruslgnh E3 0|5 ATE
AE R HAA M T} 53 F g olA HER
Kol ¥EE37} % 2A Jeht §3) #7435 A4
A veR K] $84S 7F33taL )t

B]elql K7} bone mineral density(BMD)el 7jX|&
G2 A7 SzulesPe) Hadl 93, EF ucOs-
teocalcin®] H& =i EoA WY 1Fel| H]sto]
BMD7t 9A vebdth &, 8% ucOsteocalcin®] %
o 1wolajae) A FUEs} e Aoz el 37

N

% Aol A] WM Ke| AHeo] ucOsteocalcinell F%F
& v|X & EA]o] BMDell 982 wlx wept K7t &
o] 83 Al €& ARkt Aok

82 ycOsteocalcin®] =2 Aol F27 A
Aol gtk AFEIE Yok Szules ™ A7l 9
5t

teocalcin®] 24 A BA Jehdod, 288 A
3 Bl AN B v K9 T XA @A
Ueht vjel K7} 243 d#go] e AlAksi
glq_l7)-

H)ehel K] F5-2 AN} Ao]dF 2 o] Fol I
t} Hjeb K oA vlelsl K (phylloguinone) & 3
Z2 Ak Bo] Ff=o] o, HERN! K,(mena-
quinone) &%, AA, agn FARLE TESH
gFauElo] Yo A deElole] ©dte] mena-
quinone @4°] 7Vt FA A= Fol LAl
Fag vel K 33 33 bl dslode =
9] 4|7} gt

n|2e] A% veh Ko 8% ARAFE AF 1keT
pgo2 Astz ot a2t 22 A5 o ARF
& ugH K7t @dgae] 283l7ldl e 38 Folut
ZYALE dFo] Tohd Az FEI o] opga F
Astm YohZ Aol A vieldl KAES #4387 9
&} dukA o2 prothrombin times 4381 312
1}, o] Zholl A HlEH K9] 2EHAR-E sk Aol
7] W&o 22T} 2L v Bedae JeE #Fst
71l 227 Y. Sokoll ¢ A7l o, A
g2e) warfarin 501 prothrombin timedl @%2
Z29kor} 3 ucOsteocalcin =0+ < 3w &
718 Hel F0] 2trr} HER] K §Z| o sHA
uke-ahe AL B

2 A3 83 ueh K9 ostecalcin $= 3 29
wole] AAAAE drate A GARA, Felvet A
A4 veRl K AHAuE $Asin 3 vED
K9 52 vdate HlE K A3 37 22wl #
AL ZARlY 2TEEe] did A8 71EAEE
A A gtaA} gk,

A7y

1. A0y

1995 195E 1996 108714 A9 A T
A6 PP HAAY L AT Loz St FLE
of JeL e o QA F GH 4 & i
As] Astel, oMl e ARe] ARIY S EAMY



AR At A E 608 FollA Abgolv &
& A& #74o] @ Ao, 28 X7 For

BEd L A F e S 54T FAHo

© 442 oM Algstgen, ol 2 oldHzAle
&3 25 S HF AFNIAR Ak = HHAA
o} HEl K Aol dHE B 2AW8] 95k
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2. 38k ZY

o]F oA WM E¥® £%47](DEXA : Dual En-
ergy X-ray Absorptiometry, Lunar radiation
corp., Madison, Wisconsin, USA)& o] &38le) a2
(lumbar spine)¢t W& Z<] W=7 % (femoral neck)
9 FURE 2. 25 FULE HAId R

¥l b

(anteroposterior projection)22 A3z, 93

FUEE FHHE 5= A 283120 A48
(LOH7HA 9 2% HaA S AHEslth ZARNAAL)
LEs Al 9%, 45 A2 52 j8sle] BAg

ot
o
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3. HE Kt s Y

AFodAEe] 4d HER K HHAFS du AL
Botod e wER] K 4 E4% V=AM (food fre-
quency questionnaire}d o|&3l] =33t} o}F
Felvetl= AEF HER Ko gigo] #A5 o] QA
ool A AAe] HlEl K e GO pj®
7 EeA 24 LEd ARE FHs] BT Y]
BN K QA 32 2Akehed o] $8 4159 vjewl K 3
F5 Table 1ol YERNGIT) 49 g7 e se v
BE AENA W ZAIES o] 831 =4 sisint.

4. SHEN

Zae] BAEAE 98 SAS(Statistical Analysis
System)< ol-&3t] Hat, EFH3} 55 A&=sl L,
A%, 47, BMI, YSM(year since menopause) 53
FEEAAZFONER K, 44), U 243] Alolg
48P A= Pearson correlation coefficient® p<0.
05 oA 99 & dEsdeh

i

24 2 I3

1. ALY R NAY Sy, PSP U 3L
2ARAe] 4%, A%, AF % BMI 2] A

i BB 3R 2 G iR 30(3) 1 299~306, 1997 /301

HiF
b=

23 #7398 € 2495 52 Table 29] UehiQIT).
ZAFAAALY] AR BE seMo|len, AF A
AT 242} 156.4cm, 57.3kg o 2 VEhytth &3l o) 5
9] & BMIE 23.32.2 1 7} 17.1904 28.57H]
theFsith, @ ZAMPIAES Bt AR E ke
6.0d010em, 2 A AR HAAH] 424 5E)
Table 1. Vitamin K contents of selected foods(pg/100g)*

A F T o F 3 =
}EF %, 7ts, 9&

Fal 3.6 2517 0.3
CHA] al (%) 66.3 P2 17| 0.2
u) o () 2083.7 937 0.2
AaF 9 Z 4.0
Al F A 478.5 o o 77

Fa ! 0.2 o T 0.1
ok u} .49 LS 0.2
HzZ 205.0 d 9 0.4
2 4.0 159 4.5
XF 6.0 3 0.1
Eng 6.0 % 7 0.2
2 9 21.0 = 0.1
oFuj) 3 339.0 2 o 0.1
A 618.0 Lo W ooz

DEAES 129.0 2 8 0.3
A F W H 5.6
2as 147.9 x| = 1.8
A7 & 4.7 35, T8

L HY 42.1 & 0.1
ulolz}g 50.9 Z = 0.4
HdF 2rtE 0.2
X = 8.0 PAN 0.4
P! 6.0 Bog 7.0
H) " 6.0 Z 20.0
Egof 4.0 2 F

o 7 3.0 71 19.5
Bt 1.0 =z} 35.7
g 0.3 z 262.0

1) Booth SL, Sadowsk JA, Pennington JAT. Phylloqu-
inone(vitamin k;) content of foods in the U.S. Food
and Drug Administration’s total diet study. | Agric
Food Chem 43 : 1574-1579, 1995

Booth SL, Sadowski JA, Weihrauch )L, Ferland G. Vi-
tamin K;(phylloquinone) content of foods : a pro-
visional table. } Food Comp Anal 6 : 109-120, 1993
Hirauchi K, Sakano T, Notsumoto S, Nagaoka T,
Morimoto A, Fujimoto K, Masuda S, Suzuki Y. Meas-
urement of K vitamins in foods by High-Performance
Liquid Chromatography with fluorometric detection.
Vitamins(Japan) 63(3) : 147-151, 1989

Sakano T, Notsumot S, Nagaoka T, Morimoto A,
Fujimoto K, Masuda S, Suzuki Y, Hirauchi K. Meas-
urement of K vitamins in food by high-performance li-
quid chromatography with fluorometric detection.
Vitamins(Japan), 62(8) : 393-398, 1988
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Table 2. Characteristics of the study subjects

Variables Mean +SD(Range)
Agelyrs) 56
Height(cm) 1564 +54 (1482 -163.7 )
Weight(kg) 573 +73 (447 - 692 )
Bl B3__x26 (1712285 )
YSM(yrs) 60 40 (0 - 14 )

Bone mineral density
Lumbar spine(g/cm?)  1.05784 0.2470( 0.6290 -
Femoral neck(g/cmz) 0.84144 0.1746( 0.6550 -

1.5810)
1.3170)

BMI : Body mass index
YSM : Number of years since menopause

56AI7HA Trst Aol g Jehfiitt. 859 tiHA R
of P FUEE 27 1.0578g/cm’, 0.8414g/cm’Z,
23%9] 7% 0.6200914 1.5810, tEF-= 0.6550004]
1.31709] H9E A0

2. MNH By 2T Y
AR A% A4 2 BMIsH 2L este] g
AL Sl gle Aoz veyrt 12y o4
30)31) @;4-0111\1 Z‘“‘bﬂ'} BMI: 29 % ool A2
17} 9leo AAsty glon T Wardlaw”)«l AT
olAE BMIZL 22~24 ol3ldl A%, StE-F9 A=
7} io}x}“ wl | BMIZF 26~28 ol*&fﬂ ASele &
z9| oo gt AFAN HEgA} S B
13k3 9ok, Table 30 Vet £ A2t oshd
Ze Azge) #HRAAd oM A, AF 9 BMI=
U foHQ FABA} glE A2 YERT

3. M8 ﬁ I ZUCY B

Ze A%l w74 loi AZF 713 years
since menopause)Oﬂ uel Uz goAQ Aolst
9l&o] vehytt}. Fig. 19 o5l HAZ 7)3to] S

Table 3. Correlation of body weight, height, and BMI
with bone mineral density
Bone mineral density(g/cmz)

Variables Lumbar spine Femoral neck
r P r (P
Height(cm) 0.3795(0.06) 0.3264(0.11)
Weight(kg) 0.2225(0.29) 0.1679(0.42)
BMI(kg/m’ -0.0211(0.92) -0.0796(0.71)
v : Correlation coefficient
Ao Ar) U/ $4E Fole DAIRIEL 3
S5 A5 olAe] A%, 300 o) FHE Eale] A
4912 B FAE 3 S P O S sl
2 nasn g9, 59 @Y FS ABAE
10d53ke] Zade] 12%744 st alv}s”“’. 24
7 Aol oJabA H7AGA oAl Al A% 1 A

Auk W39 & A3 73te] TUR] IF
uXE F2.3 QA shit Had

4. Y|E{D K O a9 M ZUEY M

viebd K A 3a) 22w AddAE A e A
Fig. 20 Uehd uieh 2ol £l #AE gle R
2 ettt 2y 2ARRA F dddes SHE
7} 2o 583 UE R FUwst 2 ARel 3

#F FUE(% age matched)?) 110% ol/dell sids <
o) BUErt e (83 vERe U}
e dye B 2UEY 90% °]3kl 44) B} vl
Bl K 27 B2 Aog Jepgth(Table 4). 259%
fE e FUWLyl B 110% oo A Hlaj &
YAz Ut B 1§ Hgd K 43 A%
£ 833 5pg/daylEl W, FUEsL e (T F2
Yl 25 90% olshe) A Fe 341.4pg/day

o

o

i

\l
(o]

¢

W
e

(<

2 5 2§ 259l Zol (p<0.05)E WEE.
= gUEh 4ud s Yol A 2 4 ek 9w

1.4 1.4 -

12t 1.2 r
< - < «w.z -
g 1 L - . E - g 1 r - -
~ - 7} -
U 0.8 - € 08 [
2 - - - Al R B
— T L "o » - "
© 0.6 - s 06 | -
9] S -
£ £
& 04 r=—0.4654 204 r=—0.3947

p= 0.02 p= 0.05
0.2 0.2 |
0 0 L 1 |
0 5 10 15 0 5 10 15
Number of years since menopause(yrs) Number of years since menopause(yrs)

Fig. 1. Correlation between number or years since menopause and bone mineral density.
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Fig. 2. Correlation between vitamine K intakes and bone mineral density.

Table 4. Daily average intakes of phylloquinone and

calcium
H-BMD group”  L-BMD group
Phyllquinone(ng)  833.5+12457%  341.4+90.3
Calcium(mg) 498.5+ 45.8* 3149+499

1) H-BMD : BMD over 110%
L-BMD : BMD under 90%
2) Mean+SD
*p<0.05

obf FfllAl = BIER! K9 Aol 9} S
0}"4 B3 o] gloy, el B ‘5?7} B
@ w3k 53] SuttieE ™7 FerlandE®el o]shd
HIER Ko 4jo] A A gte.= st HlEl] K AHZ
ol #E = S5 Huston, E& gl K 25
F& 8l K9 antagonist$] coumarin X 87} os-
teocalcindl] G3FE Fo] 2o BAHA JaS uv|x
' Aoz 434 9u¥? meha X veh Ko 4

ol4d F-Z3 o]2 A% EF njepl Ko w59 W3}
A5 FAld ¥F uvel! K9 carboxylation ¢HE

i

¢

l

ucOsteocalcin® #A 2 ¥ sole] AAo g3k A=
A7t destelet AbrEct

zswl ZadF T SUze] A distole ol
B2 77t Yol gk, 53] feivtel #7434 o4
dgos & 4799 AAF Jg S oz d o
& AFTHoN g M o] UL P v|X &
T8 AL AALEITE & Aol = Fig. 3ol
vehd vhet o] 930 FUEE Ao Aol A%
A el FBHEAIL glout, dERY] 2dss
AHABA 7t %i% Aoz Uekit aev doaes

\j

W plo

FAET} E2 AAE(110% ©)d) e e 189 oA
E(90%°138h)qll vlsle] Kt} B2 4E-g wo| M
Aoz Jeht(p<0.05), ZF9 *414 o] UL o
S vl e F23 ARG Bl Holgn & 5
SATHTable 4).

5. 2L HET| Y HIED K HRAE
A7) ool oiA HlEl Kol F8 Fgde
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Fig. 3. Correlation between calcium intakes and bone mineral density.
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Table 50 Jehd ukeh o] A, w9 4l tpAv} 59
A7/t FHE ol T H7A7] A4S vl K
AFel 17.3%5 EFAN AHL, 1 HdeoRs
AFA, AL, F3, A, dF FNE FIFE
2, 3 o)t 53] sz Fols v A FH vlast
of w4 @& oo well K7t £oi5l7] Wil 154
ol 1A= Sl2F 43 veh Ko AdF $a3
W7t E 4 glet g AL vElRl Kol 8 3
N

.

40 of

Azoz vehed, AYS 5Ho2 AFske 2
v K7b g &40t ©dd] AgEo] U A
ohgtthH® AR 2 HF<tol] &) U= HlER] Ko
AFH &0l 229 A7t Qe

Booth5e] @7 olahdd v|Ze| HAANELS B
2329 FErt F9 vjell K9 Fadelxn 1 v
oge NFA, Fab, Algjthhs, ofaXelzbe ol
Z oyt Feog veht $elvete] HER K A4
dat 43| Aol7t gle AR vkttt

g H737] 945 20 o) 949 HER K HHE
vl ma) ¥ Az #77] ofge B verd Ko} AH @
& 795.8pg/dayoldl, 20th Aol Ha AHAFS
379g/day°lQtH(Table 5). 53] #7l4d<] wel
K A2 oz A7 2§ o5r9] vl K 4
229 50~500pg/dayel ¥l&] ol$ & FEOIAS
o, n| 29| A4 1pg/kg/dayt vl adtd 104l 7t
78 FFo|Att. ol HlE] Ko o] mff &2 3
Z59) 430l g Aozt Algdnt. Ax{7} HE
K9 8 339 AL #AA g dL 49 7
& % 2ot F@e e A dAgA T 2
A9, EAS Folo] 4BH vgR KE A#Hske 2
o g JepgrH(Table 5).

Table 5. Comparison of vitamin K intakes in postmen-
opausal and young women

1

N

Postmenopausal Young
women women

Subjects(n) - 70 60

Intakes(ug/d) 725.8491.3% 379.4+38.0
““Dietary sources ¢ % of total intakes

B 77.3 67.3
= 5.1 4.0

A 4 34 -
= 3.0 29
7 9 2.7 8.8
ofuj 3= 1.9 39
#2718 1.4 2.6
PIZA e 1.3 0.8
A 0.9 5.4
Hd F 0.8 0.8

[n]
29 o

-
=

ri

vl Ko 8752 43314 glutamic acid®
carboxylation Al71E &g 9o Fujaldl glola=
carboxylation® B3l a3 43 vt welA
HlEbYl Kop FUxel @Alo tig A7 AGARA
Hold| 93 vlel K A%y Fdxdlel #3848
Atatset.

ot 564l AAHBE A4S vdoE dFe A
A, A% 2 BMIgH FUxe ZEd e gle 2R
Uelgou #7445 7|12+ FE5e 29 AREE
Aqrt. = HAF 73] A4 SUEst Ao R ¢
ofRl = Ao & UENT

vE K 4230 2U9sE 939 AddAe
dovt Aoz FUnrst w2 dHEL =
g 289 oA Hlste wER K A#7}
CR=-51= 8

g7 {77 oA 20t oA e Kol HAE
vlms) B A% #7437 d49 Pt 4TS 7125.8u/
dolglem, 20th <Adel it AHFE 379g/do= 9
o] AR n$ 5 559 Aod vt of
£ HIEW K9] o] 2 2R AFd A 3ol
2 Alggch 2228 HdFE AEA Tl ¥ENl K
9] F23FYY VS| vl SEviet #H7A7] o
AEL FxF77}t eBoln, I UFo2e AFA, A
d oldrh E3F Algpdho] Mtst AFE vElE 20
459 HEw Ko F2 FHYE dR34493%E
)¢ g As, FAE g3 AEFe] vE KE
A8k YAt

olf $veldle &S wER K g3 te &
Xo] goiQlA] ol 9= BAARE Bt EA5HH
2, B AFA zAle drtiadAe] 271 Aol duksl
a7ldle Aol ivka Alg gt ey B 2AM
B LRI} B HAGAEC] B ol Hlgf Blet
ul K M2 eo] =& 7oz Kol TUR JFE nlx
£ HolQxrz vlgRl Ko tigh AzHo] deste]et
Azttt wabd B dpe 3 uEl K9] 43Ws)
o w2 3o vlgd K9 w=wal, vER] K A4
WHaz ¢z A% ycOsteocalein® F7HF 2 uc-
Osteocalcin® Z7tol] e ZUx9} Fa4e] Wl
g A s A7 BeAE AAteta At
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