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Beneficial effect of vitamin K on bone health

Young—Ho Jang

Dept. of Dental Hygiene, Andong Science College

ABSTRACT

Originally, vitamin K was defined as a factor for blood coagulation. Now more attention is focused on vitamin K
for bone metabolism and bone health. Vitamin K is a coenzyme for glutamate carboxylase which converts gluta—
mate residues to y—carboxyglutamate(Gla) residues. Gla residues have calcium binding ability and bound to
hydroxyapatite crystals in bone. Vitamin K promotes the carboxylation of osteocalcin and matrix Gla—protein,
vitamin K—dependent proteins and improves bone mineral density and bone mass. Vitamin K deficiency causes
reductions in bone mineral density and increases the risk of osteoporotic bone fractures, resulting from under—
carboxylated osteocalcin.

This paper is to provide a brief information of vitamin K and its role in bone health. (J Korean Soc Dent Hygiene
2011 11(4) : 419-426)

Key words : bone health, osteocalcin, vitamin K

el & 47, vlERYl K, osteocalcin

1. A& S0 AFd2 A AAe G o4 B
7| Wol ‘HAYshe A3to 2 AY F7tol met A St
2L QA Y Fad WFE 75 Yo rKEH Sttt TTE S AXRET S SAZ|IER A T
Hoskil, 545 BoEste] 28755 A8, A of 83 g o W ofuzet Ao} A A Yo
oA gt 4k 5o FUlEE ARg 2242 A =2
e upzl Fol|lw A &AQl ZUfRIF dojdth, 2y 2009 A7 EAl st Frha5e] A% 5041
= Foole & Wt gARE = s el 24 A ol FAY FHES WA 8.1%, 5041 o] 9149
ol et FEFat F dwrt fgasta, uAlEEL2st 38.7%= o1/do] HAdRTt 4u) o]} EA UEhgon,
gtey Frhggol wAsh, aoase 249 Aol T7HERE §9 2L FobA o149 A9 50
{ Rlo] it Etha5-2 HA o wet WSk St o 14.6%, 60t 39.1%, 70t 68.2%°]1A3L, FAE 70
a5, st o5 WAt Irhes 2 A Ro|=9t o ol AE 20% EolYch AFA FHES
2 ofgo] o3t FthyF o R R 4 A, 20074 33.6%14 20094 27.4%= 7rAstAct. A9l

WAIKRL: &IPS ) 760-709 ZE AUSA| MZEH MM 189HX| QtSIfstTist X| 9| Mat
M3s} 1 054-851-3677 Fax : 054-851-3677 E—mail : jangyh@asc.ac.kr
420114 78 59 £FY-2011E 78 279 AxHEy2L-2011E 88 20



420 H|EfRI Kol = Y &% gt

(TF 30A olih o] A|F=dgk FH¥E2 HA| 37.0%, HA
44.1%, 17+ 30.0%= dA7F =3kem, 53] 50 ©]
A Aol A 50% olAke. = e,

5 A 2A 2 AFEE= A e DAAI oL 2
sAAt &2 = 0“3—57—%]1]9} ANLEZAAA, T4
Ag2RA| H]AZAZY O] E(bisphosphonates) Al Al
o &2 EEFAAATE JAT ol 2Rt FEAIA T
oA H|AZAZYO|ES}L T ERA A AMEC R QIgt
FARgo] AR HuEy glous olgt ZAE siE
&17] 913t oAl ofA|2) Aol Ay m ekt Y,

wHebA 2 =i a o] of
o Az E AAIR Ko & 4% s34 =
o & 7+s4 gt

-

o el K9] 8 4% 34
o2 ekl A
o B 7|24 RS AF A
2, 28

2.1. HIEIZI K| ZR2t BXE

A8/ HIEpN1 9] shutel BIEY] K= AFAA oA BE
91 K, (phylloquinone)¥} H[EHY K, (menaquinone) =
AR, o]FoA vEd K o] § @ol Ex&o] gl
o}, BlERl K 2 BlE K, 9] 7]t %2 2-methyl-
1,4 napthoquinone 12]9] C3 YAl isoprenoid &
71 lem of7]o| phylloquinone prenyl”]7} 4
7F 12™ menaquinone+t= isophenyl”]7} ¥4 S
2 Q9T menaquinone—n(MK-n)2.& XA|Sc}
(Fig. 7.

HlebY] K (phylloquinone)> A

A, P 5 54 okHlet 3718

=1

REEEC IR
hseg, o

715 & A4 719l o™, menaquinone S5,

Al=L
=
1=}

O

=
9@ 3
O

Vitamin K,(phylloguinone)

TaAE, A= oA wol dEeo] itk HEH
Kz(menaqulnone)L AlEol A iS4 dol7t &
& MK-49] gz EAjst, 4 4do|7t 711 MK-
T~MK-10 A vjd=ol oJehAl giben 53] 1
E(natto)oll Wol S50l 9lrk(Table 1*'?, vletql
K,(menadione) &4 HIEFTIC.2 AFA4tETE 2~ 3|
AotARE ErhEEe A my ool AREEAl AL
A2 ARG H

2.2 HIEIZI K2Q| & LAl &%l &1
HIER K= HIERY] K-9j&4 didox =5
AHglutamic acid)®] 7F2E-A3Hcarboxylation)&
tjle] y—carboxyglutamic acid(Gla)2 Z2HA|7]
HElTl K-2|&A 72 EAletolA| (carboxylase) 2
7= 25 ik el K-9j&/4d Tl
LA M(Z2EF), VI, X, XA, &4
chal 2] C, ol 2] S, LR Z) HB} W2l (osteo—
calcin, matrix Gla—protein), 7|€l |, A%}
of ZAjal= Ty So] Qe o,
TEAZE 24 AT @Al osteocalcin(bone
Gla—protein)& A4stH, matrix Gla—protein(MGP)
I oA S s, 3 5o 23R AR A AAE
. oS¢ 752 oFA7IA] HRASHA| GFAIRE osteocal -
cin?t MGP= o] 7714 e SXA7]aL, &l s
B AZ FAS FAA7E Ao deEA 3141@. E3t
MGPE B3} AZo] 43515 A|sl7|= Fhep"19),
Osteocalcin 371¢] HIEFY] K-9]&4 Glag 23
afal g9lew, MGP+= 5709 HIE] K-9&E4 Glax
Lokelal glom FE RS oA A H Gla> 2

e -IPN =

rr

12 B

el fob
a o]o

¢

=
m>_4

v 5

e

O

O

Vitamin K,(menaquinone)

Fig 1. Structure of vitamin K



Table 1. Vitamin K content of food supply

dgdz 4
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unit : ug/100g

Food Vitamir) K, Vitamin K, Vitamin K,
(phylloquinone) (MK-4) (MK=7)
Brocoli, raw 102420 N.D N.D
Cabbage, raw 127+20 1+1 N.D
Spinach, raw 369+54 N.D N.D
Lettuce, raw 127115 N.D N.D
Soybean oil 234448 N.D N.D
Butter 2+1 217 N.D
Margarine 67+68 0.3+0.6 0.1£0.1
Curry powder 93+23 1+2 6+3
Beef, chuck, raw 0.6x£0.1 15+7 N.D
Pork, thigh, raw N.D 6+2 N.D
Chicken, thigh, raw N.D 27+15 N.D
Whole egg, raw 0.6+0.3 7+3 N.D
Yogurt, plain 0.3+0.2 1+0.1 0.1£0.2
Processed cheese 2+1 ot2 0.3£0.1
Natto(fermented soybeans) 45+20 2+3 939+753
Black bean natto 50£45 N.D 796193

N.D : not detectable

Fatal 424kl 3] 4 (hydroyapatite)oll 2He]
S 7t7 QH 20 whabA] osteocalcindt MGP
o] y-7t2 5 A3 | oJsf YA Glavt At 2gstal
i 9} 2]o}o] ARSRRIB] A of] FAFSHER osteocalcindt
MGP7} w &} Z|o}o] 43945 FAAIXIH,

Hara $2& Hlehl K, = wolA 24 §2% 97
SkaL, EJrJ‘/\ﬂ:‘TEQ’r 22 gAY FS JASHA T

ne u]&u] K _,] W Qo4 AR aTt= 72 EAS)
mzo] ofyet HlEkel K, 0 S4f ufjZolekal sFglom,
Schurgers S22 gyl K,9 &7} meval-
onate(mevalonic acid) =5 A5t o}EA|29]
24E ARt syl

HE K= S35 249 W nju|d dWeg S}
Al ooy 3 £ E Y
A 7V dast e 43S =2

= AN
Aol 7] vl K S Bgere] 1508 BeA o @

% undercarboxylated osteocalcin(UcOC)2] H]&

Hashl ARt wo] Fr12 EAS WA o= F
sttt 1y HEY K= Mo A 7b43] 714
A} spd el e ayos WS, 8%
o Al HlEHY] K &7} W& A}k osteocaleing] 712
BAS7} A dojubx] gkon] ZAL AN o
Y A ShAb= Ao A BIERRI K oko] Aglen H
Elul K7} 2 &30 3} osteocalcin® =7} AaH
T4 a1 o] o] e Fe oo Hla] UcOCY] H]&

N o 12
!

O

I
ol
o,
~N
L2 &=

L =] KQ} =7
A} (Table 2)9F HIE}BI K] Zof mlA]
L JF (Table 3yol Ja}w>* welnl K7} B=3)
H UcOC7t 718HA Bt oof whet & Ywr} 7has)
ng 249 §1@4e] F7si, vl KS FEsh
UcOC7}h F4stiA 2 WEe S7hateha shoe),

12 FE, F{U HU
o
=2
X
i
(e}
il
O

o
iy



422 H[EIR Ko & A%

o

Xl &1

Table 2. Epidemiologic studies of vitamin K and bone health?

Subjects Variables Studied

Outcome Reference

195 elderly women” UcOC, hip fracture rate

72,327 women Vitamin K intake, hip

fracture rate, BMD

113 postmenopausal UcOC, BMD

women

183 elderly women® UcOC, hip fracture rate

888 men and women Vitamin K intake, hip

fracture rate, BMD

Fracture risk 5.9 times higher in
women with elevated UcOC at (1993)
start of study

Vitamin K intake of >109ug/day
reduced risk of hip fracture by (1996)
30%; no correlation between vita—
min K and BMD

UcOC and BMD inversely related

Fracture risk 3.1 times higher in
women with elevated UcOC at (1996)
start of study

65% reduced risk of fractures in
highest quartile of vitamin K intake (2000)
compared with lowest quartile

Szulc et al.

Feskanish et al.,

Jie et al.(1996)

Szulc et al.

Booth et al.

#UcOC = undercarboxylated osteocalcin level, BMD = bone mineral density, OC = osteocalcin level.

P18-month prospective study.
“Three—year follow—up study.
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Table 3. Intervention

studies of vitamin K’'s effect on bone variables?
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Subjects

Treatment

Outcome

Reference

20 postmenopausal
women

219 healthy men and
women

92 postmenopausal
women with osteo—
porosis

113 women with frac—
tures and 91 women
without fractures

94 postmenopausal
women with osteo—
porosis (84 controls,
10 treated)

46 women with
osteoporosis

20 elderly women
with osteoporosis

Phytonadione 1mg/day for 2 wk
with or without vitamin D, 400
units/day

Phytonadione 1Img/day for 2 wk

Group D: Vitamin Dy 0.754g/day
Group K: Menaquinone 45mg/day
Group DK: D and K treatment
Group C: Calcium 2g/day

All treatments for 2 yr

Menaquinone 45mg/day, vitamin
D, 1 pg/day, or both for 4 wk

Menaquinone 45mg/day with either
conjugated estrogens 0.625mg/day
or medroxyprogesterone acetate
2.5mg/day for 1 yr

Menaquinone 45mg/day for 2 yr

Carboxylation of OC improved in
both groups. vitamin D, had no
effect

In all treated groups, mean
UcOC decreased from 7.6% to
3.4%: age and sex did not affect
the decrease

BMD improved more in group DK
than in group D or group K;
increase in lumbar spine BMD
significantly greater in group
DK than group C

UcOC decreased in menaquinone
groups but not group receiving
vitamin D, only

Menaquinone—hormonal treat—
ment improved BMD that had
been decreasing during hor—
monal treatment alone

Treated group had fewer new
vertebral fractures (13) than
placebo group (30)

Douglas et al.
(1995)

Binkley et al.
(2000)

Iwamoto et al.
(2000)

Takahashi et
al.(2001)

Hidaka et al.
(2002)

Shiraki et al.
(2002)

Calcium 200mg/day for 2 wk with or Menaquinone group had reduction Miki et al.

without menaquinone 45mg/day

in UcOC without change in OC

(2003)

“BMD = bone mineral density, UcOC = undercarboxylated osteocalcin level, OC = osteocalcin level, %carbOC = percentage of
total osteocalcin that is carboxylated.
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