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Objective. To investigate associations of dietary vitamin K intake with changes in knee symptoms and structures in
patients with knee osteoarthritis (OA).

Methods. Participants with symptomatic knee OA were enrolled (n = 259) and followed up for 2 years (n = 212).
Baseline dietary vitamin K intake was calculated from a validated food frequency questionnaire. Knee symptoms were
assessed by using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores. Knee carti-
lage defects, bone marrow lesions, and effusion-synovitis volume were measured from magnetic resonance imaging
(MRI) scans. Univariable and multivariable linear regressions were used for analyses.

Results. A higher vitamin K intake quartile was significantly associated with a greater decrease in the total WOMAC
score and dysfunction score over 24 months. The subgroup analyses showed in patients with severe baseline visual
analog scale (VAS) pain that a higher vitamin K intake quartile was associated with more improvement in all WOMAC
scores. There were no overall significant associations between vitamin K intake and changes in MRI features. In sub-
group analysis, vitamin K intake was negatively associated with changes in tibiofemoral, patellar, and total cartilage
defects in participants with a severe baseline radiographic grade and was negatively associated with change in total
and patellar cartilage defects in participants with severe baseline VAS pain and in female patients.

Conclusion. The association of higher vitamin K intake with decreased knee symptoms over 24 months in patients
with knee OA suggests that clinical trials examining the effect of vitamin K supplementation for knee OA symptoms are
warranted. Whether there is an effect on knee structure is unclear.

INTRODUCTION

Knee osteoarthritis (OA) is one of the most frequently occur-

ring arthritis and is a common cause of disability (1). The etiology

of knee OA is unclear, but age, sex, and body mass index (BMI)

are recognized risk factors. Currently, there are still no disease-

modifying therapies for knee OA, and the development of cost-

effective approaches is needed to prevent the development and

progression of knee OA.
Vitamin K is a fat-soluble vitamin that acts as an enzyme cofac-

tor required for the carboxylation of vitamin K–dependent proteins

(2). Phylloquinone, which is found predominantly in dark green leafy

vegetables and vegetable oils, is a major natural source of vitamin

K. The menaquinones are a class of vitamin K compounds found in

meat, dairy, and fermented foods. Food compositions of vitamin K

vary among regions (3,4). Low diet vitamin K intake and vitamin K

deficiency are commonly found in older people (5). Vitamin K is

regarded as an important regulator in blood clotting but recently

has also been found to be related to some chronic aging-related dis-

eases such as cardiovascular diseases and OA (6).
Vitamin K is implicated in OA because several vitamin K–

dependent proteins are expressed differently in cartilage and
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bone between patients with OA and healthy controls (7,8).

Several observational studies have explored the associations

between vitamin K and knee OA. Five cross-sectional studies

suggested vitamin K status and intake or one of vitamin

K–dependent proteins was negatively associated with the preva-

lence or structural abnormalities of knee OA. For example, vitamin

K intake was inversely associated with the prevalence of radio-

graphic knee OA. Also, higher plasma uncarboxylated matrix Gla

protein (MGP), indicating lower vitamin K status, was associated

with higher odds of structural change of knee OA (9–13). In 2

cohort studies, Misra et al reported that vitamin K deficiency was

associated with incidence of radiographic knee OA and cartilage

damage, and Shea et al reported that patients with a very low

serum vitamin K level had higher risks of developing articular car-

tilage and meniscus damage after 3 years (14,15). However,

these studies employed different vitamin K and knee OA mea-

sures and reported not all consistent results. In post hoc analyses

of an interventional study, Neogi et al reported that vitamin K sup-

plementation had no overall effect on radiographic hand OA but

might reduce the risk of hand joint space narrowing (JSN) in those

with insufficient vitamin K levels (16). To date, there is no study

examining whether vitamin K intake is associated with reduced

knee OA symptoms. Therefore, the evidence for the relationship

between vitamin K and knee OA is still insufficient.
In our previous Vitamin D Effect on OA (VIDEO) study, we

reported that vitamin D supplementation did not have significant
effects on cartilage volume loss and the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) knee pain
compared with the placebo in patients with knee OA from Hobart
and Melbourne in Australia (17). In this study, we aimed to investi-
gate the association of dietary vitamin K intake with changes in
knee symptoms and magnetic resonance imaging (MRI) struc-
tural changes in people with knee OA.

MATERIALS AND METHODS

Participants and design of the parent trial.
Participants came from the Hobart site of the VIDEO study. Trial
design and inclusion and exclusion criteria are described in the
published protocol (17). Participants with symptomatic knee OA
for at least 6 months, knee pain of 20 to 80 mm on a 100-mm
visual anolog scale (VAS), and serum 25-hydroxyvitamin D levels
between 12.5 and 60 nmoles/liter and ages 50 to 79 years were
included. Patients with the Altman and Gold atlas grade

3 radiographic changes; severe knee pain on standing (>80 mm
on a 100-mm VAS); other rheumatic diseases such as rheumatoid
arthritis, psoriatic arthritis, and lupus; contraindication to MRI; can-
cer; severe cardiac or renal impairment; hypersensitivity to vitamin
D; anticipated knee or hip surgery within the next 2 years; and a
history of taking vitamin D within the previous month were
excluded. After giving written informed consent, participants were
randomly allocated to 24 months of vitamin D or placebo treatment
with a ratio of 1 to 1. A monthly capsule containing 50,000 IU
(1.25 mg) vitamin D or placebo was given to patients, and assess-
ments were conducted at baseline and months 3, 6, 12, and 24.
This convenience sample including participants from both vitamin
D or placebo groups was used as a cohort in the current study.

Measurements. Questionnaires about knee symptoms
were conducted at baseline and every visit during the 24 months
of follow-up. Knee symptoms (pain, stiffness, and dysfunction)
were assessed by using the WOMAC scores (18). The VAS of
knee pain at the study knee was also assessed. Those with base-
line VAS scores of 60 or more were defined as severe pain.

The participants in Hobart were required to complete a food
frequency questionnaire (FFQ) comprising 74 items with 10 fre-
quency response options that was developed by the Cancer
Council Victoria in Australia (19) at baseline. Food vitamin K intake
was calculated by multiplying the frequency of consumption of
each food by the vitamin K content (obtained from the Provisional
Table on the Vitamin K Content of Foods provided by Human
Nutrition Information Service, United States Department of Agri-
culture, PT-104, 1994) (20) and then adding the vitamin K content
of all reported foods. Because the main dietary sources of vitamin
K come from green leafy vegetables, we assessed diet quality by
using the Australian Recommended Food Score (ARFS) (21).
Baseline physical activity status was assessed by using the Inter-
national Physical Activity Questionnaire (IPAQ) (22).

MRI scans of the study knee were obtained according to a
standardized protocol using a 1.5T whole-body MRI unit with a
commercial transmit/receive extremity coil. Cartilage defects (0–4)
were graded on T2-weighted images using a modified Outerbridge
classification at medial tibial, medial femoral, lateral tibial, and lateral
femoral sites (described in the protocol) (23). A total score was cal-
culated as the total of subregional scores. Bone marrow lesions,
defined as discrete areas of increased signal adjacent to the
subcortical bone, were measured using a modified Whole-Organ
Magnetic Resonance Imaging score (WORMS; 0, none; 1, ≤25%
of the subregion; 2, 25–50%; 3, ≥50%) (24). A total score of the
tibiofemoral compartment was calculated as the total of 13 subre-
gional scores (0–39). For MRI scan and X-ray grade, we investi-
gated the study knee (painful knee). If both knees had pain, the
severe one was used as the study knee.

Quantitative measurement of effusion-synovitis volume in the
suprapatellar pouch and other cavity was obtained according to
the intraarticular fluid-equivalent signal on a section-by-section basis,

SIGNIFICANCE & INNOVATIONS
• Higher vitamin K intake is associated with

decreased knee symptoms; the effect of vitamin K
on knee structure is unclear.
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which has been described in our previous study (25). Semiquantita-
tive measurement of effusion-synovitis in each subregion was
scored individually according to WORMS scale, grading collectively
from 0 to 3 based on the estimated maximal distention of the syno-
vial cavity (0, normal; 1, ≤33% of maximum potential distention;
2, 33–66% of maximum potential distention; 3, ≥66% of maximum
potential distention) (24). The total effusion-synovitis score of the
whole joint was defined as the maximum score of each subregion,
ranging from 0 to 3. The radiographic feature (JSN or osteophytes
[OPs]) of the study knee was assessed by a standing semiflexed
anterior-posterior radiograph of knee as per the Altman atlas (26).
The score of each feature in this study ranged from 0 to 2, and those
with a score of 2 were defined as radiographic OA.

Height was measured to the nearest 0.1 cm (with shoes
removed) using a stadiometer (Leicester Height Measure, Invicta
Plastics Ltd). Weight was measured to the nearest 0.1 kg (with
shoes and bulky clothing removed) using electronic scales (Heine
S-7307, Heine). Body mass index (BMI; kg/m2) was calculated.

Statistical analysis. Values of the baseline vitamin K intake
were divided into 2 groups based on the median, and baseline
characteristics between the 2 groups were compared using t- or
chi-square tests. We used restricted cubic splines regression
analysis to test the associations of vitamin K intake as a continu-
ous variable with the change of total WOMAC score, which
showed they were not linear. Therefore, we used vitamin K intake
quartiles in the following analyses: the associations between
baseline vitamin K intake quartiles (quartile 2, 3, or 4 vs. 1) and
change in clinical or MRI features from baseline to 24 months
were analyzed using linear regression analyses before and after

adjustment for age, sex, BMI, interventions, and ARFS, and IPAQ
scores. Additional analyses after adjustment for nonsteroidal antiin-
flammatory drug (NSAID) use were performed to minimize the con-
founding effects of medications.

Interaction between baseline VAS severity (or radiographic OA
or sex) and vitamin K intake score on changes in OA symptoms or
knee structures was tested by examining the statistical significance
of the coefficient of a (vitamin K intake score × baseline VAS severity,
radiographic OA, or sex) product term in the regression models. We
found some significant interactions (P < 0.1) between baseline VAS
severity (or radiographic OA or sex) and vitamin K intake score on
changes in WOMAC scores and knee cartilage defects; therefore,
we further assessed the associations between vitamin K intake and
change in WOMAC scores and knee cartilage defects in different
subgroups. Subgroups included those with (VAS ≥60 mm) and
without (VAS <60 mm) severe knee pain, those with (JSN or OP
score 2) and without (JSN or OP score 0 or 1) radiographic OA,
and those who are male or female. All tests were 2-sided, and a
P value of less than 0.05 was considered statistically significant.
Stata, version 14.0, was used to perform statistical analyses.
Because this was a post hoc study of the VIDEO study, it did not
require additional ethics approval.

RESULTS

Baseline clinical and radiographic features. In
Hobart, a total of 259 participants were included, and 212 com-
pleted 2 years of follow-up. There were no significant differences
in baseline characteristics between participants enrolled in Hobart
or Melbourne (data not shown). As shown in Table 1, there were

Table 1. Baseline characteristics between participants with high and low vitamin K intake*

Features

Vitamin K intake

Low (less than median)
(n = 130)

High (median or more)
(n = 129) P

Age, years 63 ± 7.7 63 ± 6.8 0.99
Female, n (%) 65 (50) 63 (48.8) 0.85
Body mass index, kg/m2 29.9 ± 5.3 29.5 ± 4.5 0.55
25-(OH)D, nmoles/liter 42.0 ± 12.0 44.5 ± 12.3 0.09
CRP, mg/liter 2.69 ± 4.52 2.18 ± 2.58 0.33
IPAQ score 1.95 ± 0.59 1.95 ± 0.59 0.98
ARFS 27.6 ± 7.2 33.5 ± 6.8 <0.01
WOMAC score
Pain (0–500) 122.1 ± 81.7 125.9 ± 87.1 0.72
Function (0–1,700) 445.8 ± 289.5 424.8 ± 302.0 0.57
Stiffness (0–200) 56.8 ± 39.8 58.2 ± 41.9 0.79
Total WOMAC score (0–2,400) 624.8 ± 387.2 609.2 ± 406.4 0.75

Knee structures
Total cartilage defects (0–16) 14.16 ± 4.09 14.43 ± 4.15 0.61
Total bone marrow lesions (0–45) 3.77 ± 3.56 3.11 ± 2.78 0.10
Effusion-synovitis, ml 1.88 ± 0.87 1.80 ± 0.95 0.53

* Values are the mean ± SD unless otherwise indicated. Median vitamin K intake: 112.4 μg/d. 25-(OH)
D = 25-hydroxyvitamin D; ARFS = Australian Recommended Food Score; CRP = C-reactive protein;
IPAQ = International Physical Activity Questionnaire; WOMAC = Western Ontario and McMaster Universities Osteo-
arthritis Index.

VITAMIN K FOR PATIENTS WITH KOA 3
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no significant differences in baseline characteristics except ARFS
between the groups with low and high levels of vitamin K intake.

Association between baseline vitamin K intake and
changes in knee symptoms over 24 months. As shown in
Table 2 and Figure 1, higher baseline vitamin K intake quartiles
(quartiles 3 and 4) were significantly associated with more
decreases in total WOMAC score and WOMAC function score
over 24 months. Vitamin K intake quartile 3 was significantly asso-
ciated with more reduced WOMAC knee pain and stiffness than
vitamin K intake quartile 1, but quartile 4 was not significantly
associated with reduced WOMAC knee pain and stiffness. The

results remained largely unchanged after further adjustment for
NSAID use (data shown in Supplementary Table 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24964).

Association between baseline vitamin K intake and
changes in MRI structural features over 24 months. As
shown in Table 3, there were no overall significant associations
between baseline vitamin K intake quartiles and changes in MRI
features, including total cartilage defect score, bone marrow
lesion score, or effusion-synovitis volume.

Table 2. Associations between vitamin K intake quartiles and changes in clinical symptoms over 24 months*

Clinical symptoms Value of change, mean ± SD Multivariable, β (95% CI)† P

Total WOMAC score
Vitamin K intake quartile 1 −112.9 ± 327.7 Reference –

Vitamin K intake quartile 2 −130.0 ± 482.6 12.9 (−166.0, 191.8) 0.89
Vitamin K intake quartile 3 −270.6 ± 403.3 −216.2 (−404.0, −28.4) 0.024
Vitamin K intake quartile 4 −234.4 ± 415.5 −197.6 (−392.6, −2.6) 0.047

WOMAC pain score
Vitamin K intake quartile 1 −30.4 ± 81.8 Reference –

Vitamin K intake quartile 2 −32.9 ± 115.5 11.4 (−32.9, 55.6) 0.61
Vitamin K intake quartile 3 −74.8 ± 103.1 −54.1 (−100.2, −8.1) 0.022
Vitamin K intake quartile 4 −39.7 ± 107.5 −18.5 (−66.3, 29.3) 0.45

WOMAC stiffness score
Vitamin K intake quartile 1 −11.1 ± 36.4 Reference –

Vitamin K intake quartile 2 −14.2 ± 53.0 −1.6 (−21.4, 18.1) 0.87
Vitamin K intake quartile 3 −27.0 ± 44.2 −20.9 (−41.7, −0.2) 0.048
Vitamin K intake quartile 4 −23.2 ± 42.1 −19.8 (−41.1, 1.6) 0.07

WOMAC function score
Vitamin K intake quartile 1 −71.4 ± 241.2 Reference –

Vitamin K intake quartile 2 −82.8 ± 339.4 3.1 (−124.0, 130.1) 0.96
Vitamin K intake quartile 3 −168.7 ± 275.2 −141.3 (−275.6, −8.0) 0.04
Vitamin K intake quartile 4 −172.5 ± 301.8 −159.9 (−298.3, −21.5) 0.02

* Vitamin K intake quartiles: quartile 1 (vitamin K intake ≤83.7 μg/dl); quartile 2 (83.9 ≤ vitamin K intake ≤112.4 μg/
dl); quartile 3 (112.9 ≤ vitamin K intake ≤155.9 μg/dl); quartile 4 (vitamin K intake ≥158.2 μg/dl). ARFS = Australian
Recommended Food Score; 95% CI = 95% confidence interval; IPAQ = International Physical Activity Questionnaire;
Ref. = reference; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Adjusted for age, sex, body mass index, interventions, ARFS, and IPAQ score.

Figure 1. Change in Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score over 24 months among those with differ-
ent vitamin K intake quartiles (mean ± SEM) (A) and change in WOMAC function score over 24 months among those with different vitamin K intake
quartiles (mean ± SEM) (B). P < 0.05 from analyses comparing to quartile 1 after adjustment for age, sex, body mass index, interventions, Austra-
lian Recommended Food Score, and International Physical Activity Questionnaire.
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Subgroup analyses for the association between
baseline vitamin K intake and changes in OA symptom
and knee structures. In patients with severe baseline VAS
pain, the baseline vitamin K intake quartile (quartile 3 and 4) was
negatively and significantly associated with changes in total
WOMAC, pain, stiffness, and dysfunction scores; however, in
patients with mild or moderate baseline VAS pain, there were no
significant associations (Table 4).

As shown in Table 5, in participantswith radiographic OA, base-
line vitamin K intake was negatively and consistently associated with
changes in tibiofemoral, patellar, and total cartilage defects. In those
with severe baseline VAS pain and in female patients, vitamin K
intake was negatively associated with changes in total and patellar
cartilage defects. In contrast, baseline vitamin K intake was not asso-
ciated with changes in cartilage defects in those with mild or moder-
ate baseline VAS pain and without radiographic OA and in men.

Table 3. Associations between vitamin K intake quartiles and changes in MRI structures over 24 months*

MRI structures Values of change, mean ± SD Multivariable, β (95% CI)† P

Total cartilage defect score
Vitamin K intake quartile 1 0.35 ± 1.90 Reference –

Vitamin K intake quartile 2 0.72 ± 1.45 0.37 (−0.43, 1.17) 0.36
Vitamin K intake quartile 3 0.48 ± 1.96 0.10 (−0.75, 0.95) 0.82
Vitamin K intake quartile 4 0.51 ± 1.91 0.12 (−0.75, 1.0) 0.78

Total bone marrow lesion score
Vitamin K intake quartile 1 −0.45 ± 2.77 Reference –

Vitamin K intake quartile 2 −0.04 ± 3.22 0.33 (−0.90, 1.56) 0.60
Vitamin K intake quartile 3 −0.36 ± 2.34 0.31 (−0.99, 1.62) 0.64
Vitamin K intake quartile 4 0.33 ± 2.67 0.38 (−0.96, 1.72) 0.57

Total effusion-synovitis volume
Vitamin K intake quartile 1 0.10 ± 0.68 Reference –

Vitamin K intake quartile 2 0 ± 0.73 −0.09 (−0.39, 0.21) 0.55
Vitamin K intake quartile 3 0.13 ± 0.54 0.07 (−0.24, 0.3339) 0.65
Vitamin K intake quartile 4 0.09 ± 0.68 0.12 (−0.21, 0.44) 0.47

* ARFS = Australian Recommended Food Score; 95% CI = 95% confidence interval; MRI = magnetic resonance imag-
ing; IPAQ = International Physical Activity Questionnaire; Ref. = reference.
† Adjusted for age, sex, body mass index, interventions, ARFS, and IPAQ score.

Table 4. Association between vitamin K intake quartile and changes in clinical symptoms over 24 months in patients
with different VAS severity*

Clinical symptoms

VAS grade subgroup

Mild or moderate (n = 140) Severe (n = 72)

Multivariable, β (95% CI)† P Multivariable, β (95% CI)† P

Total WOMAC score
Vitamin K intake quartile 1 Reference Reference
Vitamin K intake quartile 2 143.0 (−59.8, 345.8) 0.165 −251.6 (−603.4, 100.3) 0.158
Vitamin K intake quartile 3 −50.8 (−260.3, 158.7) 0.632 −539.6 (−898.2, −181.0) 0.004
Vitamin K intake quartile 4 35.9 (−185.0, 256.9) 0.748 −584.8 (−999.2, −170.4) 0.007

WOMAC pain score
Vitamin K intake quartile 1 Reference Reference
Vitamin K intake quartile 2 44.4 (−1.7, 90.4) 0.059 −46.9 (−141.0, 47.2) 0.323
Vitamin K intake quartile 3 −3.0 (−50.0, 44.1) 0.901 −153.4 (−249.3, −57.5) 0.002
Vitamin K intake quartile 4 39.9 (−9.4, 89.3) 0.112 −104.8 (−215.6, 6.05) 0.063

WOMAC stiffness score
Vitamin K intake quartile 1 Reference Reference
Vitamin K intake quartile 2 14.4 (−7.0, 35.7) 0.185 −34.6 (−75.8, 6.6) 0.098
Vitamin K intake quartile 3 2.2 (−19.8, 24.2) 0.842 −66.9 (−108.8, −24.9) 0.002
Vitamin K intake quartile 4 9.1 (−13.8, 32.0) 0.431 −72.9 (−121.5, −24.4) 0.004

WOMAC function score
Vitamin K intake quartile 1 Reference Reference
Vitamin K intake quartile 2 83.4 (−67.8, 234.6) 0.277 −170.1 (−412.1, 71.8) 0.164
Vitamin K intake quartile 3 −51.8 (−208.1, 104.4) 0.512 −319.3 (−565.9, −72.8) 0.012
Vitamin K intake quartile 4 −16.2 (−181.0, 148.6) 0.846 −407.1 (−692.0, −122.2) 0.006

* Mild/moderate visual analog scale (VAS) grade: VAS <60 mm; severe VAS grade: VAS ≥60 mm. ARFS = Australian
Recommended Food Score; 95% CI = 95% confidence interval; IPAQ = International Physical Activity Questionnaire;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Adjusted for age, sex, body mass index, interventions, ARFS, and IPAQ score.

VITAMIN K FOR PATIENTS WITH KOA 5

 21514658, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/acr.24964 by U

niversity O
f T

asm
ania, W

iley O
nline L

ibrary on [28/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



There were no significant interactions between baseline vita-
min K intake and baseline radiographic OA or sex on changes in
WOMAC score, and between baseline vitamin K intake and base-
line VAS grade, radiographic OA, or sex on changes in bone mar-
row lesions or effusion-synovitis volume, so we did not perform
subgroup analyses.

DISCUSSION

In the present study, we investigated the association
between dietary vitamin K intake and changes in clinical symp-
toms and MRI structures in patients with knee OA. We reported
that higher vitamin K intake was associated with more decreases
in total WOMAC score and WOMAC dysfunction score, with a
similar trend for WOMAC stiffness score. Although vitamin K
intake overall was not associated with changes in cartilage defect,
bone marrow lesions, or effusion-synovitis volume, vitamin K
intake was negatively and consistently associated with changes
in knee cartilage defects in participants with severe knee pain
and radiographic OA and in female patients. These data suggest
that high dietary vitamin K intake may be beneficial for symptom
relief in patients with knee OA and for reducing cartilage defects
in those with worse OA disease and in female patients.

No previous studies have used a symptom measure such as
WOMAC score as an outcome to investigate association between
vitamin K intake and OA. In the current study, we found that
higher vitamin K intake was significantly associated with improve-
ments in total WOMAC score and WOMAC function score over
24 months in the whole sample. Intriguingly, higher vitamin K
intake was significantly and consistently associated with improve-
ments in total WOMAC, pain, stiffness, and dysfunction scores in
those with severe knee pain. This suggests that vitamin K might
be a nutritional candidate to relieve symptoms in patients with
knee OA, particularly in those with severe knee pain. For treat-
ment of OA, NSAIDs are the main drugs for symptom relieving,
but long-term use of NSAIDs will result in many side effects (27).
Therefore, the treatment of OA needs more safe strategies such

as dietary supplements. These observational findings support
future clinical trials to determine whether improving vitamin K
intake through dietary supplementation can improve symptoms
in patients with knee OA.

So far, 5 cross-sectional studies (9–13) and 2 cohort studies
(14,15) have investigated the associations between vitamin K and
structural features of knee OA. However, different measures of
vitamin K and knee structures were used in these studies.
Regarding vitamin K measures, 1 used vitamin K intake (9), 3
used serum vitamin K concentration (13–15), 2 used uncarboxy-
lated MGP (ucMGP) (10,12), and 1 used serum uncarboxylated
osteocalcin (11). With regard to structural measures, 7 studies
used radiographic Kellgren/Lawrence scores (9–15), and 2 of
these studies also used MRI WORMS scores (14,15).

Findings from cross-sectional studies suggested that vitamin
K intake or biomarker levels were inversely associated with knee
OA measures, including osteophytes (13), JSN (9), serum bio-
markers of bone metabolism (serum cross-linked N-terminal telo-
peptides of type I collagen, serum bone alkaline phosphatase)
and synovitis (serum hyaluronan) (11), meniscus damage, bone
marrow lesions, and subarticular cysts (15). Bing and Feng
reported that serum ucMGP levels in patients with knee OA were
lower than in healthy controls, and synovial fluid ucMGP levels
were negatively correlated with radiographic severity (10).
Regarding cohort studies, Misra et al and Shea et al reported
low plasma vitamin K was associated with increased risks of
radiographic and MRI structural changes of knee OA, respectively
(14,15). These findings need further confirmation by more cohort
and interventional studies.

Two recent observational studies investigated the associa-
tions between vitamin K antagonists and OA. Boer et al reported
that, in 3,494 participants of the Rotterdam Study cohort, aceno-
coumarol, a vitamin K antagonist anticoagulant, increased the risk
of OA incidence and progression of knee and hip OA (28). Ballal
et al carried a nested case–control study in a UK electronic med-
ical records database to assess the association of warfarin use
with risks of knee or hip replacement and reported that warfarin

Table 5. Associations between vitamin K intake (per 100 μg/dl) and changes in cartilage defect score at different
sites over 24 months in individual subgroups of participants*

Subgroup

β (95% CI)†

Total Tibiofemoral Patellar

Baseline VAS grade of study knee
Mild or moderate (n = 135) 0.06 (−0.43, 0.56) 0.00 (−0.41, 0.41) 0.06 (−0.26, 0.14)
Severe (n = 71) −1.46 (−2.50, −0.41) −0.68 (−1.41, 0.05) −0.58 (−0.81, −0.35)

Baseline radiographic grade
No (n = 109) 0.38 (−0.25, 1.01) 0.14 (−0.36, 0.64) 0.01 (−0.26, 0.28)
Yes (n = 97) −1.55 (−2.36, −0.76) −0.78 (−1.37, −0.19) −0.49 (−0.67, −0.31)

Gender
Male (n = 111) 0.07 (−0.59, 0.73) −0.20 (−0.67, 0.28) 0.07 (−0.14, 0.28)
Female (n = 95) −0.96 (−1.65, −0.26) −0.24 (−0.79, 0.30) −0.51 (−0.72, −0.31)

* ARFS = Australian Recommended Food Score; 95% CI = 95% confidence interval; IPAQ = International Physical
Activity Questionnaire; VAS = visual analog scale.
† Adjusted for age, sex, body mass index, interventions, ARFS, and IPAQ score.
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users had a 1.59-times-higher risk of joint replacement than that
users of direct oral anticoagulants. In patients with >1 year of war-
farin use, the risk of joint replacement was also higher than that in
patients with <1 year of warfarin use (29).

In our study, we used MRI features, including cartilage
defects, bone marrow lesions, and joint effusion, to measure
OA. Considering that the effects may be different on various
populations, we performed interaction analyses between baseline
OA features and vitamin K intake on disease progression. Our
results showed that the vitamin K intake quartile was not signifi-
cantly associated with knee cartilage defects, bone marrow
lesions, and effusion; however, it was negatively and consistently
associated with changes in cartilage defects in the total compart-
ments in patients with the severe knee pain and radiographic OA
and in female patients. These findings suggest that high vitamin
K intake may be protective on cartilage in the knee OA population
with severe disease and in women. This needs to be confirmed
with further longitudinal studies.

There was only one interventional study investigating the
effects of vitamin K supplementation on OA. It is a post hoc study
of a randomized controlled trial assessing the effect of phylloqui-
none supplementation for bone loss and vascular calcification in
the elderly. It reported no overall effects of vitamin K supplementa-
tion (500 μg of phylloquinone daily) for 3 years on the prevalence
of hand OA and osteophyte formation. However, in those partici-
pants who had insufficient vitamin K at baseline (≤1 nmoles/liter)
and reached sufficient concentrations at the last follow-up (>1
nmoles/liter), the risk of JSN reduced by 47% (P = 0.02) (16). A
major limitation was that the study did not evaluate radiographic
OA at baseline, and it was unable to evaluate changes during the
study; therefore, it was unknown if vitamin K supplementation
could have effects on change in hand OA measures.

The mechanism underlying the associations between vitamin
K intake and symptoms or cartilage defects in knee OA are
unclear. Vitamin K may relieve symptoms through its anti-
inflammatory effect (30–32). Vitamin K may have effects on carti-
lage via several vitamin K–independent Gla proteins, such as
MGP and osteocalcin, because MGP deficiency induced the
abnormal changes in cartilage, including hypertrophic changes,
apoptosis, abnormal maturation, and lack of organized chondro-
cyte columns, which were similar to abnormalities in OA (33,34).

The study had several potential limitations. First, for a post
hoc analysis, the sample size calculation was difficult because
the clinically important difference of vitamin K on symptoms or
structures of knee OA has not been established. The sample size
(n = 212) in the current study would be inadequate, which might
lead to insignificant results. Second, the dietary vitamin K intake
data were only collected at baseline, so our findings just indicated
the value of baseline vitamin K intake for predicting changes of
symptom and structural features. Further studies are required to
determine whether change in dietary vitamin K intake was associ-
ated with changes in knee OA outcomes. Additionally, FFQs are

inherently limited by recall bias, so objective measurements of
vitamin K intake or serum concentration are required to examine
the associations between vitamin K and OA measures in the
future studies. Third, we used a food vitamin K content database
from the United States to calculate the intake of vitamin K in this
study because there is no vitamin K database from Australia.
Food vitamin K composition could vary among countries and
regions; however, there would be no big difference in Western
food consumption between Australia and the United States.
Lastly, the vitamin K antagonist, such as warfarin, was not
recorded in the concomitant use because the trial was not origi-
nally focusing on vitamin K. Future studies are required to exam-
ine if the vitamin K antagonist has impacts on the associations
between vitamin K intake and knee OA outcomes.

In summary, the association of higher baseline vitamin K
intake with decreased knee symptoms over 24 months in patients
with knee OA in our study suggests that clinical trials examining
the effect of vitamin K supplementation for knee OA symptoms
are warranted. Whether there is an effect on knee structure is
unclear and requires further investigation.
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