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Abstract
Objectives: Vitamin K has bone and cartilage effects, and previously shown to be associated with
radiographic osteoarthritis. We evaluated vitamin K's effect on hand osteoarthritis in a randomised
controlled trial.

Methods: This was an ancillary study to a randomised controlled trial assessing the effects of
phylloquinone supplementation (vitamin K arm) versus placebo on bone loss and vascular
calcification among older adults regardless of their vitamin K status. At the final 3-year study visit,
we assessed the effects of vitamin K versus placebo on hand x-ray features of osteoarthritis using
logistic regression and intention to treat, and also restricted analysis to the subgroup that had
insufficient vitamin K concentrations at baseline.

Results: This ancillary study had 378 participants (193 in vitamin K arm, 185 in placebo arm).
There were no effects of randomisation to vitamin K for radiographic osteoarthritis outcomes. Those
with insufficient vitamin K at baseline who attained sufficient concentrations at follow-up had trends
towards 47% less joint space narrowing (p = 0.02).

Conclusions: There was no overall effect of vitamin K on radiographic hand osteoarthritis.
Subjects that were insufficient in vitamin K at baseline who attained sufficient concentrations at
follow-up may have had a benefit in joint space narrowing. A clinical trial in those who are vitamin
K insufficient may be warranted.

Trial registration number: NCT00183001.

The presence of vitamin K-dependent Gla proteins in bone and cartilage1 2 suggests that
vitamin K may play a part in the normal functioning of these tissues. Inadequate intake of
phylloquinone, the predominant dietary form of vitamin K, may be widespread.3 As vitamin
K antagonism or deficiency in certain Gla proteins affects bone and cartilage4 5 in ways that
may have implications for osteoarthritis, we previously evaluated the association of plasma
phylloquinone with radiographic hand and knee osteoarthritis in a large cohort study; we found
that higher phylloquinone concentrations were associated with a significantly lower prevalence
of radiographic osteoarthritis.6

To further evaluate vitamin K's therapeutic effect in osteoarthritis, we performed an ancillary
study to an ongoing randomised clinical trial assessing the effects of vitamin K supplementation
on bone loss and vascular calcification among older adults who were not necessarily vitamin
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K deficient at baseline.7 The primary objective was to determine whether 3 years of
phylloquinone supplementation, in an amount expected to be both nutritionally optimal and
safe, would be associated with a lower prevalence of radiographic hand osteoarthritis.

METHODS
Study participants

Details of the study participants in the parent study have been published elsewhere.7 In brief,
healthy, ambulatory, community dwelling adults age 60–80 years were recruited. A total of
452 participants were enrolled in the parent study, 401 completed the parent study, and 378
consented to participate in our ancillary study (fig 1).

The Institutional Review Boards for Human Research at Boston University Medical Center
and Tufts-New England Medical Center approved the protocol.

Study design
The parent study was a 3-year double-blind controlled trial. Participants were randomised
stratified by sex to either the treatment group (which received 500 μg of phylloquinone as part
of a single daily effervescent multivitamin formulation), or the comparator group (which
received an identical multivitamin formulation without phylloquinone) (Hermes Arzeneimittel
GMBH, Munich, Germany), hereafter referred to as the placebo group. All study participants
also received elemental calcium (600 mg/day) and vitamin D (400 IU/day) as separate tablets.
All investigators in this ancillary study were blinded.

For our ancillary study, which was funded after the parent study had already begun, participants
were assessed at the final third year study visit with bilateral hand x-rays (see below). Although
it is possible that the prevalence of hand osteoarthritis was not evenly distributed in the two
groups at baseline, ideally randomisation should lead to an even distribution of participant
characteristics at baseline. Thus, our assessment was based upon differences between the two
groups at the final study visit, as has been done in other studies.8

Radiographs
Bilateral posteroanterior hand radiographs were obtained at the final study visit using standard
techniques. Each hand joint was scored using the OARSI (Osteoarthritis Research Society
International) osteoarthritis atlas for Kellgren and Lawrence grade (0–4), largest osteophyte
(grade 0–3), and joint space narrowing (grade 0–3). All radiographs were read in a blinded
fashion by a board-certified musculoskeletal radiologist after calibration and adjudication
sessions. The intra-rater reliability κ values for the radiographic features were 0.72–0.76.

Statistical analyses
We defined hand osteoarthritis on a per-joint basis. Specifically, an individual hand joint was
defined as having osteoarthritis if the Kellgren and Lawrence grade was ≥2 in the given joint.
We evaluated osteophytes and joint space narrowing separately in a similar per-joint manner,
defined as osteophytes ≥grade 2 and joint space narrowing ≥grade 2. We evaluated the effects
of randomisation to vitamin K supplementation versus placebo on the presence of these specific
radiographic features on a per-joint basis using logistic regression with generalised estimating
equations to adjust for correlation among hand joints within an individual.

We also evaluated the effects of achieving sufficient phylloquinone concentrations (≥1 nM) at
the final study visit on the same per-joint basis radiographic outcomes among those that had
insufficient phylloquinone concentrations (<1 nM) at baseline for two reasons. First, the
efficacy of vitamin D is dependent upon achieving an optimal concentration post-intervention.
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9 Second, we postulated that the effects of phylloquinone supplementation may be most
effective for those who were insufficient at baseline based on our earlier study.6

All analyses were adjusted for age, sex, body mass index, smoking status, baseline 25(OH)-
vitamin D concentration, education, and adherence to vitamin D/calcium supplements.

RESULTS
Of the 401 participants enrolled in the parent study who attended the final study visit, 378
consented to participate in our ancillary study (193 in the treatment arm, 185 in the placebo
arm). The mean age of participants in our ancillary study was 68.2 years, with mean body mass
index 28.0 kg/m2 and 59.5% were women. Participant characteristics by treatment groups are
shown in table 1.

In our ancillary study, 222 participants had insufficient phylloquinone concentrations (≤1 nM)
at baseline (114 in the treatment arm, 108 in the placebo arm), of whom 125 achieved a
concentration of >1 nM by the end of the study. Overall, 52.9% had >2 hand joints, 34.9% had
>2 distal interphalangeal joints, and 37.3% had ≥1 first carpometacarpal joint involved with
radiographic osteoarthritis, respectively.

There was no effect of randomisation to vitamin K supplementation on prevalence of
radiographic hand osteoarthritis (OR 1.03, 95% CI 0.80 to 1.34, p = 0.8), joint space narrowing
(OR 1.04, 95% CI 0.68 to 1.57, p = 0.9) or osteophytes (OR 0.95, 95% CI 0.64 to 1.40, p =
0.8).

When evaluating whether participants achieved a phylloquinone concentration >1 nM at
follow-up among those with insufficient concentrations (≤1 nM) at baseline, there were trends
towards 47% lower prevalence of joint space narrowing (95% CI 0.32 to 0.89, p = 0.02), but
not for radiographic osteoarthritis (OR = 0.78, 95% CI 0.56 to 1.07, p = 0.1) or osteophytes
(OR = 0.88, 95% CI 0.56 to 1.40, p = 0.5).

DISCUSSION
In this 3-year randomised double-blind placebo-controlled trial, daily supplementation with
vitamin K in amounts achievable by dietary intake did not have any effect on radiographic
hand osteoarthritis in older adults who were calcium and vitamin D replete. There was a
suggestion that those insufficient in phylloquinone at baseline and who achieved sufficient
concentrations at follow-up may have had a lower prevalence of joint space narrowing at the
end of the trial.

There are several effects of vitamin K on articular cartilage and subchondral bone that could
potentially affect the pathological processes occurring in osteoarthritis, including endochondral
ossification, chondrocyte hypertrophy and apoptosis, and inflammation.4 5 10-12 Despite a
plausible biological rationale and a positive observational study,6 our trial results do not
support a significant effect of vitamin K supplementation on osteoarthritis for all persons. Of
note, despite previous studies demonstrating an association between poor vitamin K status and
bone health,13 the parent trial did not demonstrate a significant effect of vitamin K
supplementation on bone mineral density in the hip or spine.7

Why might study results be conflicting? Although we previously demonstrated a cross-
sectional association between low phylloquinone concentrations and higher prevalence of
radiographic hand osteoarthritis in an observational study independent of vitamin D
concentrations,6 all participants of this trial received a daily vitamin D supplement containing
400 IU. Because vitamin D may have effects on osteoarthritis,14 it is possible that modest daily
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vitamin D supplementation was potentially beneficial for both study arms, and thus any
potential small benefit of vitamin K supplementation could not be detected.

Additionally, participants of this trial had self-reported intakes of foods containing
phylloquinone above current adequate intakes,15 and were generally a well-functioning and
healthy population for this age group. Thus, it is plausible that the additional vitamin K did not
confer any additional benefit. In support of this, there was a suggestion that those who were
insufficient in vitamin K at baseline, and achieved a sufficient concentration by the end of the
study had some benefit with reduced prevalence of joint space narrowing. This group made up
33% of our study population; thus one would not expect to see an effect over the whole study
population. Further, longer-term exposure to vitamin K is likely required for an effect on
osteoarthritis to occur. This may be why we found an association in our earlier observational
study, in which vitamin K status was likely a reflection of long-term adulthood vitamin K
intakes.

Another limitation of our study was that we were not able to evaluate change in radiographic
osteoarthritis as we were only able to obtain final study visit x-rays. Although it is possible
that the baseline distribution of hand osteoarthritis may have differed between the two groups,
it is unlikely given the principles of randomisation. Thus end-of-study between-group
differences can be validly compared, as has been done previously.8 Another possible reason
for a null finding is that the trial was not of long enough duration for differences in osteoarthritis
prevalence to be detected. Nevertheless, this was a well-conducted trial, with a relatively large
sample size, high adherence, an approximately 90% follow-up in the parent study, and high
participation rate in our ancillary study.

In conclusion, vitamin K supplementation in amounts that are achievable in the diet, when
taken with recommended amounts of calcium and vitamin D, does not confer any additional
benefit on radiographic hand osteoarthritis or joint-related symptoms in healthy, community
dwelling, older adults who were not necessarily insufficient in vitamin K. Treatment of vitamin
K deficiency, which is common in older people, may have an as yet unproven favourable effect
on osteoarthritis. A clinical trial in those who are vitamin K insufficient may be warranted.
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Figure 1.
Flow of study participants. OA, osteoarthritis.

Neogi et al. Page 6

Ann Rheum Dis. Author manuscript; available in PMC 2008 November 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Neogi et al. Page 7

Table 1
Participant characteristics of ancillary hand osteoarthritis study

Vitamin K supplementation
arm (n = 193)

Placebo arm (n = 185)

Mean age, years (SD) 68.0 (5.5) 68.3 (5.6)
% Female 57.5 61.6
BMI, kg/m2 (SD) 28.5 (5.4) 27.6 (4.6)
% Ever smoker 54.9 56.8
% Attained any college
education

55.4 49.7

Baseline 25(OH) vitamin
D, ng/ml (SD)

23.0 (8.6) 22.8 (8.9)

Baseline plasma
phylloquinone, nM (SD)

 1.27 (1.76)  1.10 (1.37)

Final plasma
phylloquinone, nM (SD)

 3.13 (2.81)  1.09 (1.02)

BMI, body mass index.

Ann Rheum Dis. Author manuscript; available in PMC 2008 November 18.


