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Vitamin K and the Prevention of Fractures
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Background: Observational and some experimental data
suggest that low intake of vitamin K may be associated
with an increased risk of fracture.

Objective: To assess whether oral vitamin K (phyto-
nadione and menaquinone) supplementation can re-
duce bone loss and prevent fractures.

Data Sources: The search included the following elec-
tronic databases: MEDLINE (1966 to June 2005),
EMBASE (1980 to June 2005), the Cochrane Library
(issue 2, 2005), the ISI Web of Science (1945 to June
2005), the National Research Register (inception to the
present), Current Controlled Trials, and the Medical
Research Council Research Register.

Study Selection: Randomized controlled trials that gave
adult participants oral phytonadione and menaquinone
supplements for longer than 6 months were included in
this review.

DataExtraction: Four authors extracted data on changes
in bone density and type of fracture. All articles were
double screened and double data extracted.

DataSynthesis: Thirteen trials were identified with data
on bone loss, and 7 reported fracture data. All studies but
1showedanadvantageofphytonadioneandmenaquinone
in reducing bone loss. All 7 trials that reported fracture ef-
fects were Japanese and used menaquinone. Pooling the 7
trialswithfracturedata inameta-analysis,wefoundanodds
ratio (OR) favoringmenaquinoneof0.40(95%confidence
interval [CI], 0.25-0.65) for vertebral fractures, an OR of
0.23 (95% CI, 0.12-0.47) for hip fractures, and an OR of
0.19 (95% CI, 0.11-0.35) for all nonvertebral fractures.

Conclusions: This systematic review suggests that supple-
mentation with phytonadione and menaquinone-4 re-
duces bone loss. In the case of the latter, there is a strong
effect on incident fractures among Japanese patients.
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F RAGILITY FRACTURES ARE AN

important source of morbid-
ity, mortality, and cost to so-
ciety. Several pharmaceuti-
cal treatments have been

shown to prevent vertebral and nonver-
tebral fractures in large randomized con-
trolled trials (RCTs). For example, bis-
phosphonate therapy, parathyroid
hormone, and strontium ranelate were
demonstrated to be effective in reducing
fractures.1-4 In contrast, the evidence for
supplementation with vitamin D (chole-
calciferol) with or without calcium is
equivocal. Although a large trial in France
has shown a benefit of combined treat-
ment among female nursing-home resi-
dents5 and a trial of cholecalciferol alone
among retired physicians in England noted
a modest effect,6 the more recent series of
3 large RCTs in England and the Wom-
en’s Health Initiative in the United States
found no statistically significant ben-
efit.7-10 The absence of a protective effect

of cholecalciferol is particularly disap-
pointing because this intervention is rela-
tively inexpensive and has been widely
used in the belief that it prevents frac-
tures. Alternatively, evidence is increas-
ing that suboptimal vitamin K status is as-
sociated with increased risk of fracture.11,12

Low vitamin K consumption or impaired
vitamin K status is associated with a higher
risk of hip fracture among older wom-
en13,14 and men,14 lower bone mass in older
women15,16 and men,16 and increased bone
turnover in girls.17 To assess whether phy-
tonadione and menaquinone supplemen-
tation may have a role in the prevention
of bone loss and fractures, we undertook
a systematic review and meta-analysis. Vi-
tamin K comprises a family of different mo-
lecular forms, a single form synthesized by
plants (vitamin K1), and multiple forms
synthesized by bacteria (vitamins K2). The
only synthetic forms of vitamin K avail-
able for supplementation are phytonadi-
one and one member of the vitamin K2 se-
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ries, menaquinone-4. In this article,
the use of the term vitamin K2 in trials
always denotes menaquinone-4.

METHODS

We searched the following electronic da-
tabases for RCTs: MEDLINE (1966 to
June 2005), EMBASE (1980 to June
2005), the Cochrane Library (issue 2,
2005), the ISI Web of Science (1945 to
June 2005), the National Research Reg-
ister (inception to the present; http://www
.update-software.com/National/), Cur-
rent Controlled Trials (http://www
.controlled-trials.com/), and the Medical
Research Council Research Register (http:
//fundedresearch.cos.com/MRC/). We
used the following keywords: vitamin K1,
vitamin K2, vitamin K3, phylloquinone, Ko-
nakion, phytonadione, menadione, mena-
quinone, phytomenadione, and Mephy-
ton. We followed the Quality of Reporting
of Meta-analyses statement when con-
ducting our review.18

Any dose of oral phytonadione or
menaquinone-4 in adults 18 years or
older was permissible. Control treat-
ments could include cholecalciferol with
or without calcium or calcium alone, as
well as placebo or no treatment. Out-
comes were fractures of any type or
changes in bone density. We compared
the incidence of all fractures, vertebral
fractures, and hip fractures between the
supplemented and control groups. For
any study we identified that did not re-
port fractures, we e-mailed the corre-
sponding author to ascertain whether any
fractures had occurred within the study
population. We excluded studies that had
treated patients for less than 6 months on
the basis that it was unlikely that an effect
on fractures and bone mass would be seen
in such a relatively short time. We also
excluded 2 studies in Japanese patients,
which we could not translate.

One of the authors (S.C.) developed
the search strategy. Four authors (S.C.,
J.A., S.L.N., and D.J.T.) independently
screened relevant abstracts, and poten-
tially relevant articles were retrieved if
at least 1 author thought that it should
be included in the review. Identified ar-
ticles were read by all the authors, and
any disagreements at this stage were re-
solved by discussion.

HETEROGENEITY

Between-study heterogeneity was as-
sessed using the I2 statistic.19 The I2 sta-
tistic has several advantages over other
measures of heterogeneity (such as �2),
including greater statistical power to de-
tect clinical heterogeneity when fewer
studies are available. As a guide, I2 val-

ues of 25% may be considered low, 50%
moderate, and 75% high.

For homogeneous studies, we con-
ducted a fixed-effects meta-analysis. Since
the event rates for fractures were low and
there were zero event rates in some stud-
ies, we added 0.5 to all cells in line with
best practice within the Cochrane col-
laboration handbook.20 The metric of
choice was the Peto odds ratio (OR),
which was empirically shown to be the
most robust to zero event rates.21 We also
pooled absolute between-group differ-
ences in terms of the rate of fractures.

Studies that appeared to be homo-
geneous in terms of their clinical popu-
lation were pooled in a meta-analysis.
Studies that reported fracture data all in-
volved older men and women at risk of
fracture. Bone mineral density (BMD)
studies were more heterogeneous. There-
fore, we decided to pool only relatively
clinically homogeneous studies; in prac-
tice this meant that only studies under-
taken among older people at risk for frac-
ture were combined. There was still
some clinical heterogeneity, however.
When there was obvious clinical het-
erogeneity among study participants, the
robustness of our overall pooled result
was established by the impact of inclu-
sion and exclusion of these studies on
our pooled effect size.

QUALITY OF STUDIES

We looked for 2 measures of study qual-
ity: allocation concealment and attri-
tion. Lack of adequate concealed allo-
cation in particular has been shown to
be strongly associated with study effect
sizes.22,23

PUBLICATION BIAS

To investigate the possibility of publica-
tion and small-study bias, we con-
structed funnel plots of effect size vs study
precision and used the Egger weighted re-
gression test to test for asymmetry.24 All
analyses were conducted with Stata sta-
tistical software, version 8 (StataCorp,
College Station, Tex), with the user-
written commands metan and metabias.

RESULTS

Figure1 shows the number of stud-
ies we identified, excluded, and re-
trieved. Thirteen articles were in-
cluded in the systematic review. All
articles had data on bone loss,
whereas 7 articles also recorded frac-
ture data. We wrote to 4 authors and
received replies from 2, who did not
have fracture data available. Table1

gives the characteristics of the in-
cluded studies. Most trials were con-
ducted in Japan among postmeno-
pausal women. All but 2 trials used
menaquinone-4, with the remain-
der using phytonadione supple-
ments. Table 2 gives the sample
sizes and outcomes of the trials. All
studies but 1 showed an advantage
of phytonadione and menaqui-
none-4 in terms of BMD. The ex-
ception was a German study among
premenopausal athletic women
given phytonadione supplements.
All 7 studies that had fracture out-
comes showed a benefit of mena-
quinone-4 supplements. We have
combined these studies into 3 sepa-
rate meta-analyses, looking at their
effects on vertebral, hip, and all non-
vertebra fractures (Figure 2).
Menaquinone-4 supplementation
was associated with a consistent

352 Potentially Relevant
Articles Identified 
and Screened for 
Retrieval

13 Potentially Appropriate
RCTs to Be Included
in This Meta-analysis

7 RCTs to Be Included in
Meta-analysis

23 Articles Retrieved 
for More Detailed 
Evaluation

329 Articles Excluded 
on the Basis of Title 
and Abstract
70 Irrelevant Studies
54 Not Using Human

Subjects
89 Not RCTs
37 Incorrect Interventions
2 Articles Written in

Japanese
75 Duplicate Publications
1 Trial On-going
1 Crossover Trial

10 Articles Excluded 
1 Unable to Obtain
1 Not an RCT

6 RCTs Excluded From
Meta-analysis
6 With No Fracture Data

2 Unclear if an RCT
1 Intervention Not Long 

Enough
1 Extension Study
3 Lacking Outcome Data
1 Duplicate Publication

Figure 1. The Quality of Reporting of
Meta-analyses statement flow diagram for
vitamin K analysis. RCT indicates randomized
controlled trial.
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reduction in all fracture types
(ORh i p = 0.23; 95% confidence
interval [CI], 0.12-0.47; ORvertebral

= 0.40; 95% CI, 0.25-0.65; ORall

nonvertebral=0.19; 95% CI, 0.11-0.35).
There was no statistical evidence
of heterogeneity among the frac-
ture studies (I2

vertebral=0%; I2
hip=0%;

I2
all nonvertebral=0%).

When we assessed absolute dif-
ferences in fracture rates, a signifi-
cantly reduced rate was found at all
fracture sites, with hip fractures re-
duced by 6% (95% CI, 3%-9%), ver-
tebral fractures reduced by 13%
(95% CI, 6%-21%), and all non-
vertebral fractures by 9% (95% CI,
6%-12%) (Figure 3). However,
variation in baseline risk among

studies produced substantial be-
tween-study heterogeneity for the
2 nonvertebral fracture compari-
sons (I2

vertebral=0%, I2
hip=81%, and I2

all

nonvertebral=84%).
In 3 trials,33-35 BMD was mea-

sured at the metacarpals, and data
were sufficient to calculate standard-
ized effect sizes. All the studies
showed a benefit of phytonadione
and menaquinone-4 on BMD, with
a standardized mean difference fa-
voring the supplementation of 0.27
(95% CI, 0.03-0.50; P = .02). Be-
cause 1 of the centers provided most
of the data for hip fractures and this
center had included populations
with a very high fracture risk,33-35 we
undertook a sensitivity analysis ex-

cluding data from this center. The
OR for hip factures for the remain-
ing 2 studies when combined was
0.30 (still a large effect); however,
this finding was no longer statisti-
cally significant (95% CI, 0.05-
1.74; P=.18) (Figure 4). The odds
of vertebral and all nonvertebral
fractures were both still statistically
significant (ORvertebral=0.40; 95% CI,
0.25-0.65; ORnonvertebral=0.24; 95%
CI, 0.07-0.84; P�.001 for both).

PUBLICATION BIAS

When we checked for publication
bias, no statistically significant evi-
dence of bias was found, although
with no more than 5 studies the

Table 1. Description of Trials

Source
Trial

Length, mo Study Population
Age, Mean
(Range), y

Daily Dose of Phytonadione
or Menaquinone

Outcome
Measures

Braam et al,25 2003 36 Postmenopausal Dutch women with a
BMD �2.5 SDs below the reference
population

55 (50-60) 1 mg of phytonadione; both
groups received
cholecalciferol, calcium,
zinc, and magnesium

BMD

Ishida and Kawai,26 2004 24 Osteoporotic postmenopausal
Japanese women

70 (50-75) 45 mg of menaquinone-4 BMD and fractures

Iwamoto et al,27 1999 12 Healthy postmenopausal Japanese
women

55 45 mg of menaquinone-4;
half of controls received
cholecalciferol

BMD

Iwamoto et al,28 2000 24 Postmenopausal Japanese women
with osteoporosis; baseline daily
calcium intake of 505 mg

64 45 mg of menaquinone-4;
factorial trial, with half of
controls and intervention
group receiving
cholecalciferol

BMD

Iwamoto et al,29 2001 24 Postmenopausal Japanese women
with osteoporosis; baseline daily
calcium intake of 498 mg

65 45 mg of menaquinone-4; all
groups received calcium
and cholecalciferol

BMD and fractures

Braam et al,30 2003 24 Premenopausal German endurance
athletes; baseline daily calcium
intake of 781 mg

29 (15-50) 10 mg of phytonadione BMD

Nishiguchi et al,31 2001 24 Japanese women with biliary cirrhosis 56 45 mg of menaquinone-4 BMD
Sasaki et al,32 2005 12 Japanese patients using oral steroids

for kidney disease
40 15 mg of menaquinone-4 BMD and fractures

Sato et al,33 1998 12 Male and female Japanese patients
with stroke

66 45 mg of menaquinone-4 BMD and fractures

Sato et al,34 2002 12 Elderly female Japanese patients with
Parkinson disease; baseline daily
cholecalciferol intake of 143 IU

72 45 mg of menaquinone-4 BMD and fractures

Sato et al,35 2005 24 Elderly female Japanese patients with
Alzheimer disease; baseline daily
dietary intake of cholecalciferol,
calcium, and phytonadione of 81 IU,
854 mg, and 103 µg, respectively

78 45 mg of menaquinone-4;
calcium and ergocalciferol
given to both groups

BMD and fractures

Shiraki et al,36 2000 24 Female Japanese patients with
osteoporosis

68 45 mg of menaquinone-4;
both groups received
calcium

BMD and fractures

Somekawa et al,37 1999 6 Female premenopausal patients
with endometriosis

46 45 mg of menaquinone-4;
factorial study, with half
of intervention and control
groups also receiving
calcitriol

BMD

Abbreviation: BMD, bone mineral density.
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power of bias tests remains low to de-
tect bias and funnel plot asymmetry
(Egger test: Phip= .09; Pvertebral= .61;
Pnonvertebral= .08). Visual inspection
of funnel plots showed no evidence
of bias (data not shown).24 In terms
of reporting quality, only 2 stud-
ies25,30 reported that they had used
a method of concealing the alloca-
tion mechanism. Attrition, another
source of potential bias, ranged from
0% to as high as 30%.

ADVERSE EVENTS

No study reported any serious ad-
verse events associated with vita-
min K. However, minor gastrointes-
tinal problems were reported by
some authors.

COMMENT

In this systematic review and meta-
analysis, we have shown that supple-
mentation with phytonadione and
menaquinone, particularly menaqui-
none-4, is associated with increased
BMD and reduced fracture inci-
dence. The reduction in fracture in-
cidence is particularly striking, with
an approximate 80% reduction in hip
fractures. Our findings should be

treated cautiously, however, be-
cause the studies were not primarily
designed to show a fracture effect.
Another reason for caution is that the
effect on fractures is much larger than
with other treatments, such as bis-
phosphonates. Therefore, it is pos-
sible that such a large effect is due to
chance or some other unidentified

reason. In addition, all the studies
with fracture outcomes were under-
taken in Japan, and there may be di-
etary differences that could mean that
these findings are not applicable else-
where. The quality of many of the
trials was not high. Few trials, none
with fracture outcomes, reported how
the randomization process was con-

Table 2. Trial Outcomes

Source

No. of Randomized Patients
(Attrition Rate, %)

No. of Fractures/
Total No. of Patients*

Difference in BMD, %
(95% CI)Control Intervention Control Intervention

Braam et al,25 2003 61 (13) 66 (12) NA NA 1.3 (hip) (0.10 to 3.41);
0.9 (spine) (−0.70 to 2.23)

Ishida and Kawai,26 2004 66 (6) 68 (3) 17/66 (spine);
1/66 (hip);
3/66 (nonspine)

9/66 (spine);
0/66 (hip);
0/66 (nonspine)

1.4 (radius)

Iwamoto et al,27 1999 35 (0) 17 (0) NA NA 2.0 (spine)
Iwamoto et al,28 2000 49 (0) 43 (0) NA NA 1.34 (spine)
Iwamoto et al,29 2001 24 (0) 23 (0) 6/24 (spine) 2/23 (spine) 1.6 (radius)
Braam et al,30 2003 �42 (30†) �37 (30†) NA NA −0.1 (spine)

−1.3 (hip)
Nishiguchi et al,31 2001 15 (1) 15 (2) NA NA 3.8 (spine)
Sasaki et al,32 2005 10 (0) 10 (0) 1/10 (spine) 0/10 (spine) Not possible to calculate
Sato et al,33 1998 60 (6) 60 (4) 1/54 (hip) 0/54 (hip) 1.8 (metacarpals)
Sato et al,34 2002 60 (4) 60 (6) 8/56 (hip);

10/56 (nonspine)
1/54 (hip);

1/54 (nonspine)
5.2 (metacarpals)

Sato et al,35 2005 100 (12) 100 (10) 15/88 (hip);
22/88 (nonspine)

2/90 (hip)
3/90 (nonspine)

7.5 (metacarpals)

Shiraki et al,36 2000 121 (22) 120 (29) 30/121 (spine);
2/121 (hip);
5/121 (nonspine)

13/120 (spine);
0/120 (hip);
1/120 (nonspine)

2.8 (spine)

Somekawa et al,37 1999 52 (0) 52 (0) NA NA 1.1 (spine)

Abbreviations: BMD, bone mineral density; CI, confidence interval; NA, not applicable.
*Indicates number of patients who underwent follow-up for outcome.
†This is an estimated attrition rate.
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Shiraki et al,36 2000
Sato et al,34 2002
Ishida and Kawai,26 2004
Sato et al,35 2005
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1
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Sasaki et al,32 2005
Shiraki et al,36 2000
Iwamoto et al,29 2001
Ishida and Kawai,26 2004

Subtotal

Vertebral

Sato et al,33 1998
Shiraki et al,36 2000
Sato et al,34 2002

Sato et al,35 2005
Ishida and Kawai,26 2004

Subtotal

0.36 (0.02 to 5.90)
0.26 (0.03 to 2.55)
0.19 (0.05 to 0.75)
0.37 (0.02 to 5.90)
0.22 (0.08 to 0.59)
0.23 (0.12 to 0.47)

0.36 (0.02 to 5.90)
0.26 (0.05 to 1.30)
0.17 (0.05 to 0.58)
0.22 (0.03 to 1.56)
0.18 (0.08 to 0.41)
0.19 (0.11 to 0.35)

0.35 (0.02 to 6.00)
0.39 (0.20 to 0.75)
0.32 (0.07 to 1.46)
0.47 (0.20 to 1.10)
0.40 (0.25 to 0.65)

6.3
9.4

26.4
6.3

51.6
100.0

4.5
13.4
23.0
8.9

50.2
100.0

2.9
54.4
10.4
32.3
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Study
%

Weight
OR

(95% Cl)

Figure 2. Meta-analysis of treatment effects on fractures. Peto odds ratios (ORs) with 95% confidence
intervals (CIs).
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cealed from those recruiting the par-
ticipants, which could be a source of
bias.22,23 Attrition was also high in
some trials; for instance, the trial with
the largest weight in the meta-
analysis of vertebral factures had an
attrition rate of approximately 24%.36

Other reasons for caution include
publication bias and heterogeneity of
the clinical populations. Publica-
tion bias can be detected using
graphic techniques such as funnel
and quantile normal plots. How-
ever, in this instance the number of
studies of fractures is too small for
such approaches to reliably detect
publication bias (the minimum num-
ber of studies usually recom-

mended for funnel plots is 10).24 Al-
though all the studies in the fracture
meta-analysis were homogeneous in
terms of the dose and type of phyto-
nadione or menaquinone, they were
different in terms of cosupplemen-
tation and their population. For ex-
ample, the nonspine fracture rates of
the control groups ranged from 4.1%
to 25%, suggesting different frac-
ture risk groups. Furthermore, the
number of events, particularly the
numbers of hip fractures, is small,
which increases the element of
chance, explaining our results. Fi-
nally, the few studies that reported
baseline vitamin D and calcium sta-
tus suggest that these populations

tended to have low intakes of both
(Table 1). When reported in the Japa-
nese vitamin K2 trials, patients with
secondary osteoporosis (eg, those
with stroke, Alzheimer disease, or
Parkinson disease) had a lower vita-
min K status at baseline than either
the community-recruited controls in
the same studies or patients with in-
volutional osteoporosis in different
studies.

There are at least 3 vitamin K–de-
pendent proteins present in bone
and cartilage, namely, osteocalcin,
matrix �-carboxyglutamic acid pro-
tein, and protein S.11,12 Specifically,
osteocalcin is the most abundant
noncollagenous protein in bone and
a recognized marker of bone forma-
tion. Exogenous vitamin K is re-
quired as an essential cofactor for an
enzymatic carboxylation, whereby
3-glutamic acid residues in osteo-
calcin are converted to �-carboxy-
glutamic acid residues. Without this
modification, osteocalcin lacks struc-
tural integrity and the ability to bind
to the hydroxyapatite mineral.38 Evi-
dence demonstrates that the vita-
min K requirement for carboxyl-
ation of osteocalcin is not met by
usual dietary intakes but that car-
boxylation readily responds to phy-
tonadione or menaquinone supple-
mentation.12 Evidence supports a
link between vitamin K insuffi-
ciency and osteoporosis, with low
circulating vitamin K concentra-
tions in osteoporotic patients,39 and
the finding that circulating Glu-
osteocalcin is an independent risk
predictor of bone fractures.40,41

Although the major dietary
source of vitamin K is the plant form
phytonadione (vitamin K1), most
trials to date have been performed
with the vitamin K2 series called
menaquinone-4. Menaquinone-4 is
unusual because it is not a com-
mon bacterial form and is able to be
synthesized in the human body from
dietary vitamin K1.42 Whether mena-
quinone-4 is more effective as an an-
tiosteoporotic agent than phytona-
dione remains to be established, but
both forms can be used for carbox-
ylation. There is some intriguing
evidence that menaquinone-4 may
possess other antiosteoporotic
properties that are specifically
associated with the geranylgeranyl
side chain of this K2 vitamin.12

Sato et al,33 1998
Shiraki et al,36 2000
Sato et al,34 2002
Ishida and Kawai,26 2004
Sato et al,35 2005

Subtotal

Hip

–0.5 –0.4 –0.3 –0.2 –0.1

Favors Vitamin K Favors Control

0

Risk Difference
0.1 0.3 0.4 0.5

Sasaki et al,32 2005
Shiraki et al,36 2000
Iwamoto et al,29 2001
Ishida and Kawai,26 2004

Subtotal

Vertebral

Sato et al,33 1998
Shiraki et al,36 2000
Sato et al,34 2002

Sato et al,35 2005
Ishida and Kawai,26 2004

Subtotal

–0.02 (–0.07 to 0.03)
–0.02 (–0.04 to 0.01)
–0.12 (–0.22 to –0.03)
–0.02 (–0.06 to 0.03)
–0.14 (–0.22 to –0.05)
–0.06 (–0.09 to –0.03)

–0.02 (–0.07 to 0.03)
–0.03 (–0.07 to 0.01)
–0.15 (–0.25 to –0.05)
–0.05 (–0.10 to 0.01)
–0.19 (–0.28 to –0.10)
–0.09 (–0.12 to –0.06)

–0.10 (–0.34 to 0.15)
–0.14 (–0.23 to –0.04)
–0.16 (–0.37 to 0.04)
–0.12 (–0.26 to 0.01)
–0.13 (–0.20 to –0.06)

14.1
31.3
14.2
17.2
23.1

100.0

13.6
30.0
14.9
16.6
24.9

100.0

4.8
54.7
10.7
29.9

100.0

All Nonvertebral

Study
%

Weight
Risk Difference

(95% Cl)

0.2

Figure 3. Meta-analysis of treatment effects on hip fractures. Absolute risk difference with 95%
confidence intervals (CIs).
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Figure 4. Meta-analysis of treatment effects with Sato et al33-35 omitted. Peto odds ratio (OR) with 95%
confidence intervals (CI).
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From a clinical perspective, the
results of this review suggest that pa-
tients at risk for fracture should be
encouraged to consume a diet rich
in vitamin K, which is chiefly ob-
tained from green leafy vegetables
and certain vegetable oils. Routine
supplementation, however, is not
justified until these results are con-
firmed in a large pragmatic RCT with
fractures as the main outcome.

Accepted for Publication: March 10,
2006.
Correspondence: David J. Torger-
son, PhD, Department of Health
Studies, University of York, Area 4,
York Y010 5DD, England (djt6
@york.ac.uk).
Financial Disclosure: None.

REFERENCES

1. Black DM, Cummings SR, Karpf DB, et al. Ran-
domised trial of effect of alendronate on risk of
fracture in women with existing fractures. Lancet.
1996;348:1535-1541.

2. McClung MR, Geussens P, Miller PD, et al. Effect
of risedronate on the risk of hip fracture in elderly
women. N Engl J Med. 2001;344:333-340.

3. Neer RM, Arnaud CD, Zanchetta JR, et al. Effects
of parathyroid hormone (1-34) on fractures and
bone mineral density in postmenopausal women
with osteoporosis. N Engl J Med. 2001;344:
1434-1441.

4. Meunier PJ, Roux C, Seeman E, et al. The effects
of strontium ranelate on the risk of vertebral frac-
ture in women with postmenopausal osteoporosis.
N Engl J Med. 2004;350:459-468.

5. Chapuy MC, Arlot ME, Delmas PD, Meunier PJ.
Effect of calcium and cholecalciferol treatment for
three years on hip fractures in elderly women. BMJ.
1994;308:1081-1082.

6. Trivedi DP, Doll R, Khaw KT. Effects of four monthly
oral vitamin D (cholecalciferol) supplementation
on fractures and mortality in men and women liv-
ing in the community: randomised double blind
controlled trial. BMJ. 2003;326:469-472.

7. Porthouse J, Cockayne S, King C, et al. Ran-
domised controlled trial of calcium and vitamin
D supplementation for fracture prevention in pri-
mary care. BMJ. 2005;330:1003.

8. RECORD Trial Group. Oral vitamin D3 and cal-
cium for secondary prevention of low-trauma frac-
tures in elderly people (Randomised Evaluation
of Calcium Or vitamin D, RECORD): a ran-
domised placebo-controlled trial. Lancet. 2005;
365:1621-1628.

9. Smith H, Anderson F, Raphael H, Crozier S, Cooper
C. Effect of annual intramuscular vitamin D sup-
plementation on fracture risk: population-based,
randomised, double-blind, placebo-controlled trial.
Osteoporos Int. 2004;15(suppl 1):58.

10. Jackson RD, LaCroix AZ, Gass M, et al. Calcium
plus vitamin D supplementation and the risk of
fractures. N Engl J Med. 2006;354:669-683.

11. Shearer MJ. Role of vitamin K and Gla proteins
in the pathophysiology of osteoporosis and vas-
cular calcification. Curr Opin Clin Nutr Metab Care.
2000;3:433-438.

12. Vermeer C, Shearer MJ, Zitterman A, et al. Be-
yond deficiency: potential benefits of increased in-
takes of vitamin K for bone and vascular health.
Eur J Nutr. 2004;43:325-335.

13. Feskanich D, Weber P, Willett WC, Rockett H, Booth
SL, Colditz GA. Vitamin K intake and hip frac-
tures in women: a prospective study. Am J Clin
Nutr. 1999;69:74-79.

14. Booth SL, Tucker KL, Chen H, et al. Dietary vita-
min K intakes are associated with hip fracture but
not with bone mineral density in elderly men and
women. Am J Clin Nutr. 2000;71:1201-1208.

15. Booth SL, Broe KE, Gagnon DR, et al. Vitamin K
intake and bone mineral density in women and
men. Am J Clin Nutr. 2003;77:512-516.

16. Booth SL, Broe KE, Peterson JW, et al. Associa-
tions between vitamin K biochemical measures and
bone mineral density in men and women. J Clin
Endocrinol Metab. 2004;89:4904-4909.

17. Kalkwarf HJ, Khoury JC, Bean J, Elliot JG. Vita-
min K, bone turnover, and bone mass in girls. Am
J Clin Nutr. 2004;80:1075-1080.

18. Moher D, Cook DJ , Eastwood S, Olkin I, Rennie
D, Stroup DF. Improving the quality of reports of
meta-analyses of randomised controlled trials: the
QUORUM statement. Lancet. 1999;354:1896-
1900.

19. Higgins JP, Thompson SG, Deeks JJ, Altman DG.
Measuring inconsistency in meta-analyses. BMJ.
2003;327:557-560.

20. Higgins JPT, Green S. Cochrane Handbook for Sys-
tematic Reviews of Interventions 4.2.4 [updated
March 2005]. Chichester, England: John Wiley &
Sons Ltd; 2005.

21. Deeks JJ. Issues in the selection of a summary
statistic for meta-analysis of clinical trials with bi-
nary outcomes. Stat Med. 2002;21:1575-1600.

22. Schulz KF, Chalmers I, Hayes RJ, Altman DG.
Empirical evidence of bias: dimensions of meth-
odological quality associated with estimates of
treatment effects in controlled trials. JAMA. 1995;
273:408-412.

23. Kjaergard LL, Villumsen J, Cluud C. Reported meth-
odologic quality and discrepancies between large
and small randomized trials in meta-analyses. Ann
Intern Med. 2001;135:982-989.

24. Egger M, Davey-Smith G, Schneider M, Minder
C. Bias in meta-analysis detected by a simple,
graphical test. BMJ. 1997;315:629-634.

25. Braam LAJL, Knapen MHJ, Geusens P, et al.
Vitamin K1 supplementation retards bone loss in
postmenopausal women between 50 and 60 years
of age. Calcif Tissue Int. 2003;73:21-26.

26. Ishida Y, Kawai S. Comparative efficacy of hor-
mone replacement therapy, etidronate, calcito-
nin, alfacalcidol and vitamin K in postmeno-
pausal women with osteoporosis: The Yamaguchi
Osteoporosis Prevention Study. Am J Med. 2004;
117:549-555.

27. Iwamoto I, Kosha S, Noguchi S, et al. A longitu-
dinal study of the effect of vitamin K2 on bone min-
eral density in postmenopausal women: a com-

parative study with vitamin D3 and estrogen-
progestin therapy. Maturitas. 1999;31:161-164.

28. Iwamoto J, Takeda T, Ichimura S. Effect of com-
bined administration of vitamin D3 and vitamin K2
on bone mineral density of the lumbar spine in
postmenopausal women with osteoporosis. J Or-
thop Sci. 2000;5:546-551.

29. Iwamoto J, Takeda T, Ichimura S. Effect of menatet-
renone on bone mineral density and incidence of
vertebral fractures in postmenopausal women with
osteoporosis: a comparison of with the effect of
etidronate. J Orthop Sci. 2001;6:487-492.

30. Braam LA, Knapen MH, Geusens P, Brouns F, Ver-
meer C. Factors affecting bone loss in female en-
durance athletes: a two-year follow-up study. Am
J Sports Med. 2003;31:889-895.

31. Nishiguchi S, Shimoi S, Kurooka H, et al. Ran-
domized pilot trial of vitamin K2 for bone loss in
patients with biliary cirrhosis. J Hepatol. 2001;
35:543-545.

32. Sasaki N, Kusano E, Takahashi H, et al. Vitamin
K2 inhibits glucocorticoid-induced bone loss partly
by preventing the reduction of osteoprotegerin
(OPG). J Bone Miner Metab. 2005;23:41-47.

33. Sato Y, Honda Y, Kuno H, Oizumi K. Menatetre-
none ameliorates osteopenia in disuse-affected
limbs of vitamin D and K-deficient stroke patients.
Bone. 1998;23:291-296.

34. Sato Y, Honda Y, Asho T, Hosokawa K, Kondo I,
Satoh K. Amelioration of osteoporosis by menatet-
renone in elderly female Parkinson’s disease pa-
tients with vitamin D deficiency. Bone. 2002;
31:114-118.

35. Sato Y, Kanoko T, Satoh K, Iwanmoto J. Menatet-
renone and vitamin D2 with calcium supple-
ments prevent nonvertebral fractures in elderly
women with Alzheimer’s disease. Bone. 2005;
36:61-68.

36. Shiraki M, Shiraki Y, Aoki C, Miura M. Vitamin K2
(menatetrenone) effectively prevents fractures and
sustains lumbar bone mineral density in
osteoporosis. J Bone Miner Res. 2000;15:515-
522.

37. Somekawa Y, Chigughi M, Harada M, Ishibashi
T. Use of vitamin K2 (menatetrenone) and 1,25-
dihydroxyvitamin D3 in the prevention of bone loss
induced by leuprolide. J Clin Endocrinol Metab.
1999;84:2700-2704.

38. Hoang QQ, Sicheri F, Howard AJ, Yang DS. Bone
recognition mechanism of porcine osteocalcin
from crystal structure. Nature. 2003;425:977-
980.

39. Hart JP, Shearer MJ, Klenerman L, et al. Electro-
chemical detection of depressed circulating lev-
els of vitamin K1 in osteoporosis. J Clin Endocri-
nol Metab. 1985;60:1268-1269.

40. Luukinen H, Kakonen SM, Pettersson K, et al.
Strong prediction of fractures among older adults
by the ratio of carboxylated to total osteocalcin.
J Bone Miner Res. 2000;15:2473-2478.

41. Szulc P, Chapuy M-C, Meunier PJ, Delmas PD.
Serum undercarboxylated osteocalcin is a marker
of the risk of hip fracture in elderly women. J Clin
Invest. 1993;91:1769-1774.

42. Thijssen HH, Drittij MJ, Vermeer C, Schoffelen E.
Menaquinone-4 in breast milk is derived from di-
etary phylloquinone. Br J Nutr. 2002;87:219-
226.

(REPRINTED) ARCH INTERN MED/ VOL 166, JUNE 26, 2006 WWW.ARCHINTERNMED.COM
1261

©2006 American Medical Association. All rights reserved.
 on November 5, 2008 www.archinternmed.comDownloaded from 

http://www.archinternmed.com

