
JOURNAL OF BONE AND MINERAL RESEARCH
Volume 24, Number 6, 2009
Published online on December 29, 2008; doi: 10.1359/JBMR.081254
� 2009 American Society for Bone and Mineral Research

Vitamin K Treatment Reduces Undercarboxylated Osteocalcin but
Does Not Alter Bone Turnover, Density, or Geometry in Healthy

Postmenopausal North American Women
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Mary Checovich,1 Richard Chappell,2 and John Suttie3

ABSTRACT: Low vitamin K status is associated with low BMD and increased fracture risk. Additionally, a
specific menaquinone, menatetrenone (MK4), may reduce fracture risk. However, whether vitamin K plays a
role in the skeletal health of North American women remains unclear. Moreover, various K vitamers (e.g.,
phylloquinone and MK4) may have differing skeletal effects. The objective of this study was to evaluate the
impact of phylloquinone or MK4 treatment on markers of skeletal turnover and BMD in nonosteoporotic,
postmenopausal, North American women. In this double-blind, placebo-controlled study, 381 postmeno-
pausal women received phylloquinone (1 mg daily), MK4 (45 mg daily), or placebo for 12 mo. All participants
received daily calcium and vitamin D3 supplementation. Serum bone-specific alkaline phosphatase (BSALP)
and n-telopeptide of type 1 collagen (NTX) were measured at baseline and 1, 3, 6, and 12 mo. Lumbar spine
and proximal femur BMD and proximal femur geometry were measured by DXA at baseline and 6 and 12
mo. At baseline, the three treatment groups did not differ in demographics or study endpoints. Compliance
with calcium, phylloquinone, and MK4 treatment was 93%, 93%, and 87%, respectively. Phylloquinone and
MK4 treatment reduced serum undercarboxylated osteocalcin but did not alter BSALP or NTX. No effect of
phylloquinone or MK4 on lumbar spine or proximal femur BMD or proximal femur geometric parameters
was observed. This study does not support a role for vitamin K supplementation in osteoporosis prevention
among healthy, postmenopausal, North American women receiving calcium and vitamin D supplementation.
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INTRODUCTION

A MULTITUDE OF OBSERVATIONS suggest that vitamin K
and the K-dependent proteins may have importance

in skeletal health. This was initially suggested by the ob-
servation that anticoagulation with warfarin, a compound
that produces functional vitamin K deficiency, during
pregnancy produced skeletal abnormalities.(1) Because vi-
tamin K is essential for g-carboxylation of specific glutamic
acid residues in a limited number of proteins, it is plausible
that inadequate vitamin K status adversely impacts skeletal
health. Consistent with this, four vitamin K–dependent
proteins (osteocalcin, matrix Gla protein, protein S,
and Gas 6) have been identified as components of bone
matrix.(2) Additionally, vitamin K inadequacy, if defined
as less than maximal g-carboxylation of osteocalcin, is
common.(3–5)

A number of findings have related vitamin K status with
bone health. For example, vitamin K treatment may
modestly reduce bone resorption,(6) low dietary vitamin K
intake is associated with low BMD(7) and increased hip
fracture risk,(8,9) and elevations of undercarboxylated os-
teocalcin (indicating suboptimal vitamin K status) are as-
sociated with increased hip fracture risk.(10) Based on the
above, it is plausible that unappreciated vitamin K inade-
quacy commonly contributes to the development of oste-
oporosis and fracture.(11) In fact, a recent meta-analysis
concluded that supplementation with vitamin K (MK4 in
most of the studies) reduces bone loss and incident frac-
tures.(12) In contrast, other studies do not identify an effect
of vitamin K intake on BMD or fracture risk in women,(13)

and long-term vitamin K antagonism with warfarin in
nonhuman primates shows no effect on bone turnover or
bone mass.(14) Finally, prospective human clinical trials of
vitamin K supplementation are discordant with two studies
of vitamin K1, calcium, and vitamin D reporting beneficial
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effects on BMD at some, but not all, sites measured,(15,16)

whereas a recent work found no effect.(17) As such, the role
of vitamin K in bone health remains unclear.

Two forms of vitamin K occur in nature.(18) The major
dietary form is 2-metyl-3-phytyl-1, 4-napthoquinone or phyl-
loquinone (vitamin K1), which is found in vegetables. Addi-
tionally, a series of 2-methyl-3-multiprenyl-1,4 naphthoqui-
nones or menaquinones (vitamin K2) are synthesized in
bacteria. The majority of menaquinones contain a long side-
chain (6–11 prenyl groups) and are prevalent in the lower
bowel, but one specific menaquinone, menatetrenone (me-
naquinone-4 [MK-4]), contains only four prenyl units and can
be synthesized in animals from phylloquinone.(19) It is gener-
ally accepted that all K vitamers can function as required
cofactors for the vitamin K–dependent g-glutamyl carboxyl-
ase enzyme that is responsible for the conversion of specific
glutamyl (Glu) to g-carboxyglutamyl (Gla) residues in a lim-
ited number of proteins.(1) Whereas the K1 data are conflict-
ing as noted above, studies of MK4 are more consistent and
report preservation of bone mass(20–22) and reduction of os-
teoporotic fractures in estrogen-deficient Asian women.(23–25)

Finally, it has been proposed that MK4 may favorably alter
bone quality(26); consistent with this, changes in proximal fe-
mur geometry were observed in a 3-yr study of MK4.(27)

Given the above, it is possible that vitamin K supple-
mentation may affect skeletal status in postmenopausal
North American women. Furthermore, it is plausible that
phylloquinone and MK4 could have differing skeletal ef-
fects. Although prior studies have evaluated the effect of
phylloquinone(15–17) or MK4(27) on skeletal status, there
has been no prior prospective randomized study directly
comparing the effect of phylloquinone with MK4 on bone
turnover or density in postmenopausal North American
women. Results from a prospective study of vitamin K
treatment with phylloquinone or MK4 involving 381
postmenopausal women are reported here.

MATERIALS AND METHODS

Subjects and study design

Ambulatory community-dwelling postmenopausal women

were recruited for this study. Inclusion criteria required they
be �5 yr postmenopausal with a lumbar spine and proximal

femur T-score above 22.0 or above 21.5 if a National Os-

teoporosis Foundation (NOF)-defined risk factor was pre-

sent; as such, they did not meet existing criteria for receipt of

pharmacologic osteoporosis therapy. Additionally, to en-

hance detection of potential vitamin K effects, inclusion
criteria required evidence of vitamin K inadequacy, defined

as less than maximal osteocalcin carboxylation. The value

selected for this criterion was an undercarboxylated osteo-

calcin (ucOC) �4.0%. It should be noted that the value

defining ‘‘maximal gamma-carboxylation’’ is that obtained

in our laboratory using a hydroxyapatite binding assay and
is impacted by the assay methodology used to measure

undercarboxylated osteocalcin.(28) Potential volunteers

were excluded for use of vitamin K antagonist medications

(e.g., warfarin) or skeletally active agents (e.g., bisphos-

phonates, glucocorticoids, estrogen, calcitonin). Study par-

ticipants could not have a history of liver or kidney disease
or have clinically significant laboratory abnormalities. It

was also required that participants have a self-reported low

dietary vitamin K intake during the study and abstain

from compounds that interfere with fat absorption (e.g.,

Olestra). Study participant screening and recruitment is

shown in Fig. 1.
All participants received open-label calcium with vitamin

D3 (315 mg/200 IU; Citracal + D, Mission Pharmacal, San

Antonio, TX, USA) twice daily for a two-mo lead-in phase
and throughout the study. After this lead in phase, partic-

ipants were randomly assigned to one of three treatment

groups in a double-dummy, double-blind fashion as follows:

FIG. 1. Study participant recruitment.
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Phylloquinone: 1 mg phylloquinone (Roche Vitamins,
Parsippany, NJ, USA) daily plus placebo matching vi-
tamin MK4 three times daily. Roche Vitamins supplied
the phylloquinone and matching placebo used in this
study.

MK4: 15 mg menatetrenone (Eisai, Tokyo, Japan) three
times daily plus placebo matching phylloquinone once
daily. Eisai supplied the MK4 and matching placebo
used in this study.

Placebo phylloquinone daily and placebo MK4 three times
daily.

Fasting serum specimens were obtained at time of ran-
domization and subsequently at months 1, 3, 6, and 12
between 8:00 and 11:00 a.m. Blood specimens were allowed
to clot for 30 min and were centrifuged, and serum aliquots
were quick-frozen using liquid nitrogen. Serum aliquots
were stored at 2808C until thawed for analyses. Lumbar
spine (L1–L4) and proximal femur BMD measurements
were performed using DXA technology at baseline and 6
and 12 mo. Additionally, calcaneal ultrasound was per-
formed on a random subset of study participants (n = 208;
71 placebo, 67 phylloquinone, 70 MK4) at baseline and
12 mo.

Subjects were interviewed about adverse events at every
study visit. Severe adverse or life-threatening events, includ-
ing hospitalization, were immediately reported to the study
safety officer. Additionally, all events were compiled and
reported to the safety officer every 6 mo. Study compliance
was assessed by pill count at all study visits. This study was
reviewed and approved by the University of Wisconsin
Health Sciences Human Subjects Committee. All participants
provided written informed consent.

Biochemical measurements

Chemistry panels were performed at a regional laboratory
(Meriter Medical Laboratories, Madison, WI, USA) in a
routine clinical manner using a Roche Integra autoanalyzer.
Commercially available kits were used to measure bone-specific

T
A

B
L

E
1

.
S

tu
d

y
P

a
rt

ic
ip

a
n

t
B

a
se

li
n

e
D

e
m

o
g

ra
p

h
ic

C
h

a
ra

ct
e

ri
st

ic
s

G
ro

u
p

A
g

e
(y

r)
W

ei
g

h
t

(l
b

)
A

lb
(g

/d
l)

C
re

a
t

(m
g

/d
l)

A
S

T
(U

/l
it

er
)

m
cO

c
(%

)
B

S
A

L
P

(m
g

/l
it

er
)

N
T

X
(n

M
B

C
E

)
O

c
(n

g
/m

l)
L

S
B

M
D

(g
/c

m
2
)

T
F

B
M

D
(g

/c
m

2
)

P
la

ce
b

o
(n

=
1

2
9

)
6

2
.4

(0
.6

)
1

6
8

.8
(3

.1
)

4
.1

9
(0

.0
3)

0
.8

(0
.0

1
)

2
4

.1
(0

.5
)

1
3

.0
(0

.6
)

2
7

.8
(0

.9
)

1
8

.2
(0

.6
)

1
9

.6
0

.6
1

.1
89

(0
.0

14
)

1
.0

04
(0

.0
10

)

P
h

y
ll

o
q

u
in

o
n

e

(n
=

1
2

6
)

6
2

.7
(0

.7
)

1
6

5
.6

(3
.0

)
4

.1
5

(0
.0

3)
0

.8
(0

.0
1

)
2

4
.0

(0
.6

)
1

1
.6

(0
.5

)
2

7
.3

(0
.9

)
1

8
.7

(0
.8

)
2

1
.8

0
.8

1
.1

80
(0

.0
14

)
1

.0
09

(0
.0

12
)

M
K

4
(n

=
1

2
6

)
6

2
.4

(0
.7

)
1

6
7

.4
(3

.2
)

4
.1

6
(0

.0
3)

0
.8

(0
.0

1
)

2
3

.5
(0

.4
)

1
2

.0
(0

.5
)

2
8

.3
(1

.0
)

1
9

.2
(0

.7
)

2
0

.5
0

.7
1

.1
97

(0
.0

15
)

1
.0

06
(0

.0
12

)

D
a
ta

a
s

m
e
a
n

(S
E

).

A
lb

u
m

in
,

cr
e
a
ti

n
in

e
,

a
n

d
A

S
T

d
e
te

rm
in

a
ti

o
n

s
o

b
ta

in
e
d

a
t

sc
re

e
n

in
g

2
m

o
b

e
fo

re
ra

n
d

o
m

iz
a
ti

o
n

.

B
M

I,
b

o
d

y
m

a
ss

in
d

e
x
;

A
lb

,
se

ru
m

a
lb

u
m

in
;

C
re

a
t,

se
ru

m
cr

e
a
ti

n
in

e
;

A
S

T
,

se
ru

m
a
sp

a
rt

a
te

a
m

in
o

tr
a
n

sf
e
ra

se
;

u
cO

C
,

u
n

d
e
rc

a
rb

o
x
y
la

te
d

o
st

e
o

ca
lc

in
;

B
S

A
L

P
,

b
o

n
e

-s
p

e
ci

fi
c

a
lk

a
li

n
e

p
h

o
sp

h
a

ta
se

;
N

T
X

,
se

ru
m

n
-t

e
lo

p
e
p

ti
d

e
o

f
ty

p
e

1
co

ll
a
g
e
n

;
O

c,
o

st
e
o

ca
lc

in
;

L
S

B
M

D
,

L
1
–
L

4
B

M
D

;
T

F
B

M
D

,
to

ta
l

p
ro

x
im

a
l

fe
m

u
r

B
M

D
.

FIG. 2. Undercarboxylated osteocalcin. Treatment with either
phylloquinone or MK4 rapidly reduced (p < 0.001) circulating
percent undercarboxylated osteocalcin. No difference between
phylloquinone and MK4 treatment was observed. Data (mean ±
SE) presented for study completers.
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alkaline phosphatase (BSALP) by immunoassay (Metra
BAP; Quidel, San Diego, CA, USA) and n-telopeptide (NTX)
by competitive-inhibition ELISA (Osteomark, Seattle, WA,
USA). Osteocalcin (Oc) was determined by immunoradio-
metric assay (Osteo-riact; CIS bio international, Gif-Sur-
Yvette Cedex, France), and undercarboxylated osteocalcin
(ucOc) percentage was determined by hydroxyapatite binding
as previously reported.(29) Intra- and interassay percentage
CVs for these analytes in our laboratory are as follows:
osteocalcin, 3.3%/7.7%; BSALP, 7.5%/5.1%; NTX, 4.5%/
7.9%. To minimize variability, serum from all time points for
each individual was run on the same assay kit.

Bone densitometry, proximal femur geometry,
and quantitative ultrasound measurements

DXA scans of the lumbar spine and proximal femur were
acquired and analyzed on the same DPX-IQ densitometer
(GE Healthcare Lunar, Madison, WI, USA) using DXA
and software version 4.6b. BMD change over time was
assessed using the lumbar spine (L1–L4) and total proximal
femur measurement. Densitometer stability was evaluated
by performance of phantom scans on the dates of all data
acquisition. No densitometer drift or shift occurred during
the course of this study. Proximal femur scans geometric
parameter data were obtained by one technologist (N.V.A.)
performing analyses for femur neck and total femur BMD,
BMC, area, geometric measurements, and femur strength
calculations using the GE Healthcare Lunar proprietary
femur strength index using software version 4.7. The GE
Healthcare Lunar software automatically determines hip
axis length (HAL), femur neck cross-sectional area (CSA),
cross-sectional moment of inertia (CSMI), and a proprietary
femur strength index (FSI). Briefly, CSMI is a measure of
how mass is distributed around a central axis with small
increases in diameter increasing CSMI. FSI is the com-
pressive yield strength of bone divided by the compressive

stress from a fall on the greater trochanter. Compressive
stress includes height and weight to calculate the fall force.
CSA and CSMI are included in the FSI calculation, which is
available in Yoshikawa et. al.(30) Using this methodology,
FSI is an independent predictor of hip fracture risk.(31) For
this study, femur axis length was defined as the distance
from the most medial aspect of the femur head to the most
lateral aspect of the trochanter.

A subset of subjects also had calcaneal ultrasound
measurements performed with an Achilles Insight ultra-
sonometer (GE Healthcare Lunar, Madison, WI, USA).
Calcaneal broadband ultrasound attenuation (BUA) and
speed of sound (SOS) were measured at baseline and after
12 mo of study.

Statistical analysis

Treatment group baseline demographics were compared at
time of randomization using a three-level one-way ANOVA
on the log scale to induce normality. An intent to treat (ITT)
analysis was performed for standardized outcome variables.
‘‘Standardized’’ indicates that all variables were divided by
their values at baseline. These ratios were averaged on the
logarithmic scale, yielding geometric means. The ITT analyses
were performed using Splus statistical software.(32) These re-
sults are presented in Table 2. Additionally, for robustness, a
per-protocol analysis of the 365 study completers was per-
formed. The results of this analysis (presented in the figures)
show no effect of MK4 or vitamin K1 on study outcome
measures and are thus consistent with the ITT analysis.

RESULTS

Subject demographics

A total of 612 postmenopausal women were screened to
obtain the 381 who were enrolled. Over one half of the screen

TABLE 2. Relative Effects of Vitamin K1 and MK4 by Intent to Treat Analysis

Outcome Treatment group Average percent effect vs. placebo 95% CI p

Weight K1 20.87% (21.88%, 0.15%) 0.20

MK4 20.70% (21.70%, 0.31%)

BSALP K1 3.55% (21.64, 9.02%) 0.36

MK4 0.49% (24.47%, 5.71%)

NTX K1 20.24% (27.05%, 7.07%) 1.00

MK4 20.24% (26.96%, 6.97%)

ucOc K1 261.1% (265.5%, 256.1%) <0.0001

MK4 260.7% (265.1%, 255.8%)

Osteocalcin K1 28.38% (213.15%, 23.35%) 0.005

MK4 25.65% (210.50%, 20.54%)

L-spine BMD K1 20.66% (21.32%, 20.01%) 0.09

MK4 20.60% (21.24%, 0.05%)

Total femur BMD K1 20.06% (20.55%, 0.43%) 0.81

MK4 0.10% (20.38%, 0.59%)

Ultrasound BUA K1 21.59% (24.44%, 1.35%) 0.18

MK4 22.72% (25.51%, 0.15%)

Ultrasound SOS K1 20.18% (20.47%, 0.12%) 0.45

MK4 20.15% (20.44%, 0.15%)

The results were averaged over 6- and 12-mo visits (weight, lumbar spine, and total femur BMD) or averaged over 1-, 3-, 6-, and 12-mo visits (BSALP,

NTX, % ucOc, and total osteocalcin), or for the 12-mo visit only (ultrasound parameters). All outcomes were standardized by dividing by values at baseline

(month 0).
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failures were caused by BMD values being too low (Fig. 1). At
randomization, there were no differences (p > 0.1) in demo-
graphic characteristics, serum chemistries, or percent ucOc
observed between treatment groups (Table 1). Body weight
did not change over the course of the study (data not shown).

Vitamin K1 compliance was 93.2% in those receiving the
active preparation and 92.1% for those receiving the cor-
responding placebo. Similarly, MK4 compliance was 87.1%

for those receiving the active preparation and 89.6% for
those receiving the corresponding placebo. Finally, calcium
compliance was 92.9%, 92.8%, and 93.0% for those re-
ceiving placebo, vitamin K1, and MK4, respectively. An
expected effect of vitamin K was observed in the prompt
and sustained reduction in %ucOc in the phylloquinone
and MK4 groups (Fig. 2).

Outcome measures

Geometric means of relative changes in outcomes along
with 95% CIs by ITT analysis are presented in Table 2.
Each result is compared with the effect of placebo by
dividing it by the corresponding mean for the placebo
group. For example, the change in lumbar spine BMD
attributed to vitamin K1 is arrived at by dividing the geo-
metric mean relative change in lumbar spine BMD for
those who received vitamin K1 by the mean change in
lumbar spine BMD for volunteers in the placebo group
resulting in 0.9934, or a nonsignificant 20.66% difference
(Table 2).

Bone turnover markers: No between-group difference in
serum BSALP or serum NTX was observed in this study
(Figs. 3A and 3B). Serum total osteocalcin declined by a
mean of 11.4% at 1 yr in the placebo group, with a further

FIG. 3. Bone turnover. No effect of phylloquinone or MK4 was
observed on serum BSALP (A) or serum NTX (B). Serum oste-
ocalcin declined in all groups (C). Specifically, total osteocalcin
declined (p < 0.001) over the 1-yr study duration by 11.4% in the
placebo group. In comparison with placebo, slightly greater de-
clines (p < 0.05) were observed for the two treatment groups. Data
(mean ± SE) presented for study completers.

FIG. 4. BMD. No effect of either phylloquinone or MK4 was
observed at the L1–L4 spine (A) or left total proximal femur (B).
Data (mean ± SE) presented for study completers.
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reduction of ;5% observed with phylloquinone and MK4
(Fig. 3C).

BMD, femur geometry, and ultrasound parameters: No
between-group difference in L1–L4 spine or total femur
BMD was observed in this study (Figs. 4A and 4B). Simi-
larly, no between-group difference in SOS or BUA was
observed (Figs. 5A and 5B). Finally, no effect of K1 or
MK4 was seen on femur neck BMC or diameter (Figs. 6A
and 6B) or on femur neck BMD, area, CSA, CSMI, femur
neck length, or calculated FSI (data not shown).

Adverse events

All study preparations were well tolerated. Serious ad-
verse events occurred in 29 participants and did not differ
between groups (Table 3). Nonserious adverse events were
more common and also equally distributed among the
three treatment groups (data not shown). No specific side
effects or adverse events were related to either phylloqui-
none or MK4.

DISCUSSION

This is the first prospective study directly evaluating the
skeletal effects of phylloquinone (vitamin K1) and mena-
quinone (MK4). No effect of either phylloquinone or MK4
was observed on serum markers of bone turnover, BMD of
the lumbar spine and hip, femur geometric properties as

measured by DXA, or calcaneal ultrasound parameters.
As such, this study does not support a role for vitamin
K supplementation in osteoporosis prevention among
healthy, postmenopausal, North American women receiv-
ing calcium and vitamin D supplementation.

The daily doses of vitamin K used in this study are
substantially higher than currently recommended. Specifi-
cally, the U.S. current vitamin K adequate intake (AI) for
women is 90 mg. Thus, the doses used in this study are ;11
times higher for phylloquinone and 500 times higher for
MK4. These doses were chosen because this MK4 dose is
reported to be effective in reducing bone loss or fracture
risk in published studies(21,23) and the phylloquinone dose
is that which maximally reduces undercarboxylated oste-
ocalcin.(4) Because the classical role of vitamin K is to
produce g-carboxylation of a limited number of proteins,
including osteocalcin, the prompt and sustained reduction
of undercarboxylated osteocalcin with these high vitamin
K doses is expected. Despite this, no skeletal effects were
observed.

A potential role of vitamin K in skeletal health has been
suggested by epidemiologic studies in which low vitamin K
status(33) has been linked to lower BMD(34) and increased
fracture risk.(9,10,35,36) Moreover, small studies have re-
ported that MK4 treatment reduces fracture risk.(23,37) In

FIG. 5. Calcaneal ultrasound parameters. No effect of either
phylloquinone or MK4 was observed on SOS (A) or BUA (B).
Data (mean ± SE) reported for 208 study completers; 71, 67, and
70 in the placebo, phylloquinone, and MK4 groups, respectively.

FIG. 6. Femur geometric parameters. No effect of either phyl-
loquinone or MK4 was observed on femur neck BMC (A) or di-
ameter (B). Although not shown here, no effect on femur neck
CSA, CSMI, or FSI was observed. Data (mean ± SE) presented for
study completers.
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fact, a recent meta-analysis involving ;700 vitamin K–
treated patients found MK4 to have a strong effect in re-
ducing incident fractures in Japan.(12) However, it is im-
portant to recognize that one of the studies contributing
the greatest weight to effect of vitamin K on hip and
nonvertebral fractures(38) studied women with Alzheimer’s
disease who were severely vitamin D deficient (mean se-
rum 25-hydroxyvitamin D of ;9 ng/ml with optimal often
defined as >30 ng/ml(39)). In this study, while the untreated
group received no medications, supplements, or placebo,
the treated group received MK4, 1000 IU of vitamin D, and
600 mg of calcium daily. Because the mean vitamin D in-
take of these subjects was ;80 IU, the 1000 IU adminis-
tered to the treatment group resulted in an ;150% in-
crease in serum 25-hydroxyvitamin D over the 2 yr of
study.(38) Thus, the observed reduction in fracture risk
noted in the study of Sato et al.,(38) which strongly influ-
enced the meta-analysis,(12) could easily be the result of
established efficacy of vitamin D in reducing fracture
risk,(40) rather than being attributable to a vitamin K effect.
The authors of this meta-analysis(12) did caution that rou-
tine vitamin K supplementation is not justified until ran-
domized trials confirm a reduction in fracture risk. Such
caution seems justified, because some preclinical studies
found no effect of vitamin K deficiency on skeletal
health,(14,41) and others found no association between vi-
tamin K dietary intake and BMD or fracture risk over 10 yr
of follow-up(13) or with calcaneal quantitative ultrasound
parameters.(42)

Because osteoporosis is recognized as low BMD com-
bined with altered bone quality(43) (e.g., altered bone mi-
croarchitecture, mineralization, collagen status),(44) it has
been suggested that vitamin K may have a beneficial effect
on bone quality,(26,45) thereby leading to a reduction in
fracture risk with minimal or no effect on BMD or markers
of bone turnover. Although such effects remain plausible,
and some preclinical work finds vitamin K to impact bone
strength,(46) whereas other studies do not,(41,47) it is im-
portant to recognize, as emphasized by Tamura et al.,(48)

that the aforementioned meta-analysis(12) did not include a
pharmacoepidemiological study involving >3000 Japanese
participants that was released by Eisai and is available
online.(49) In this large study, vertebral fracture reduction
efficacy was not noted in the entire study cohort but was
observed in a small subpopulation with at least five verte-

bral fractures. As Tamura et al. suggest,(48) it seems
probable the meta-analysis results would have been dif-
ferent if this report had been included in the analysis. Thus,
the reasoning that vitamin K reduces fractures and, given
the absence of changes in bone turnover or density, that
such effects must occur by changes in bone quality, seems
open to debate.

Randomized trials such as reported here seem necessary
to resolve the potential role of vitamin K in bone health. In
this regard, a recently reported 3-yr prospective study of a
supplement containing 600 mg elemental calcium, 400 IU
vitamin D, and either 500 mg phylloquinone or placebo
daily involving men and women found no effect of vitamin
K on lumbar spine, femur neck, or total body BMD or on
markers of bone turnover.(17) Similarly, a recent random-
ized trial found 200 mg of phylloquinone daily to have no
influence on bone mass despite improvement in osteocalcin
carboxylation.(16) In this study, an effect on radius, but not
on proximal femur, bone mass was observed only when
vitamin K was combined with 1000 mg of calcium and 400
IU of vitamin D.(16) An additional prospective study found
no effect on markers of bone turnover or lumbar spine
BMD with 3 yr of phylloquinone (1000 mg daily) when
combined with calcium zinc, magnesium, and vitamin
D.(15) However, in this same report,(15) modest reduction in
femur neck bone loss was observed after 3 yr of vitamin K
treatment when co-administered with minerals and vitamin
D. Finally, a 3-yr prospective study of 325 postmenopausal
women receiving 45 mg of MK4 daily or placebo found no
effect on femur BMD but a beneficial effect of MK4 on
femur neck BMC and bone width.(27) Because bone size
profoundly impacts strength, such geometric changes
would be expected to reduce fracture risk. In this study, no
effect of either phylloquinone or MK4 on multiple mea-
sures of femur geometry was observed. Although the
mechanism by which vitamin K may alter femur geometry
is unclear, it remains possible that longer-duration studies
will detect changes in femur geometry.

Taken together, the existing data, in combination with the
absence of skeletal effects observed in this prospective study,
makes it likely that the relationship of undercarboxylated
osteocalcin with low BMD and increased fracture risk is not
indicative of adverse skeletal consequences related to vita-
min K inadequacy. Rather, it seems probable that elevated
ucOC is simply a marker for generally inadequate nutrition;

TABLE 3. Reported SAEs by Group

SAE Phylloquinone (n = 123) MK4 (n = 129) Placebo (n = 123)

Malignancy 3 (2 basal cell, 1 breast) 5 (2 basal cell, 1 breast

1 lymphoma, 1 uterus

4 (2 basal cell, 1 colon, 1 lung)

Cardiac 3 (chest pain, atrial

tachycardia)

0 2 (angina, MI)

GI 1 (GI bleed) 2 (appendix, gastric ulcer) 2 (GERD, pancreatitis)

Respiratory 1 (pneumonia) 0 0

Neurologic 1 (vertigo) 0 1 (syncope)

Other hospitalizations 1 (motor vehicle

accident)

1 (back lesion) 1 hysterectomy, 1 tympanoplasty,

1 colon lesion

SAE, serious adverse effect; GI, gastrointestinal; GERD, gastroesophageal reflux disease.
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thus, the adverse skeletal consequences previously reported
could reflect deficiencies of other (possibly multiple) nutri-
ents or general protein/calorie undernutrition and frailty
which lead to an increase in fracture risk.

Limitations of this study include the relatively short
(1 yr) study duration and the inclusion of only healthy
women. Thus, the exclusion of osteoporotic women and,
importantly, the short duration of this study prohibited use
of fracture reduction as a study endpoint. Consistent with
this approach, this study was not powered for, and did not
evaluate, fractures as an endpoint and spinal radiographs
were not performed. However, the absence of change in
bone turnover markers or BMD makes it unlikely that vi-
tamin K supplementation will be of benefit in osteoporosis
prevention among North American women who are re-
ceiving calcium and vitamin D supplementation. As noted
above, changes in bone quality may be invoked to explain
fracture reduction; however, the absence of vitamin K ef-
fects on ultrasound parameters and femur geometry do not
support such an explanation. Finally, it is unclear if the
slight serum osteocalcin decline in the phylloquinone and
MK4 groups (;5%) is of consequence. Although statisti-
cally significant, this minimal change (which is not con-
gruent with two other markers of bone turnover, i.e., BSALP
and NTX) seems unlikely to have physiologic skeletal sig-
nificance.

In summary, 1 yr of phylloquinone or MK4 supplemen-
tation in healthy postmenopausal, North American women
receiving calcium and vitamin D supplementation does not
alter serum markers of bone turnover, BMD, proximal
femur geometry, or calcaneal ultrasound parameters. This
study does not support the use of vitamin K supplemen-
tation in osteoporosis prevention among postmenopausal
North American women receiving calcium and vitamin D
supplementation.
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