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Bone health
New role for vitamin K?
Milly Ryan-Harshman, PHD, RD Walid Aldoori, MB BCH, MPA, SCD

ABSTRACT

OBJECTIVE To assess growing evidence that vitamin K (phylloquinone) plays an important role in bone health and, 
subsequently, in prevention of osteoporotic fractures.
QUALITY OF EVIDENCE We searched MEDLINE from January 1972 to December 2002 using the key words vitamin K 
and bone health. We reviewed 30 articles that seemed relevant or had a human focus. All evidence can be categorized 
as level II.
MAIN MESSAGE Evidence suggests that dietary phylloquinone intake of <100 µg daily might not be optimal 
for bone health. Low intake of vitamin K could contribute to osteoporosis and subsequent fracture due to the 
undercarboxylation of osteocalcin.
CONCLUSION Family physicians need to be aware of the importance of encouraging adequate vitamin K intake, 
particularly among institutionalized elderly people, to prevent increased bone resorption. Further study is needed to 
determine the exact role of vitamin K in bone metabolism, and methods of assessing vitamin K requirements need to 
be standardized.

RÉSUMÉ

OBJECTIF Vérifi er les données de plus en plus nombreuses suggérant que la vitamine K (phylloquinone) joue un rôle 
important dans la santé osseuse et, subséquemment, dans la prévention des fractures ostéoporotiques.
QUALITÉ DES PREUVES Une recherche a été eff ectuée dans MEDLINE entre janvier 1972 et décembre 2002 à l’aide des 
mots clés vitamine K et santé osseuse. On a retenu 30 articles apparemment pertinents ou incluant un aspect humain. 
Toutes les preuves obtenues sont de niveau II.
PRINCIPAL MESSAGE Ces données suggèrent qu’un apport quotidien inférieur à 100 μg de phylloquinone pourrait 
ne pas être idéal pour la santé osseuse. Un faible apport en vitamine K pourrait contribuer à l’ostéoporose et aux 
fractures subséquentes par défaut de carboxylation de l’ostéocalcine.
CONCLUSION Le médecin de famille devrait connaître l’importance de promouvoir une consommation adéquate de 
vitamine K, notamment chez les patients âgés en foyer d’accueil, afi n de prévenir une trop grande résorption osseuse. 
Le rôle exact de cette vitamine dans le métabolisme osseux devra faire l’objet de recherches additionnelles; la façon 
d’évaluer les besoins en vitamine K devra aussi être standardisée.

This article has been peer reviewed.
Cet article a fait l’objet d’une évaluation externe.
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itamin K has long been recognized as a key 
micronutrient in production of several blood-
clotting proteins essential to human health 

(Table 11). Recently, characterization of the vitamin 
K–dependent γ-carboxylated protein osteocalcin has 
led scientists to investigate whether vitamin K plays 
another role in bone health and in prevention of 
osteoporotic fractures.

To date, research confi rms that nutrition is a modi-
fi able factor for prevention of osteoporosis and that 
other nutrients besides calcium and vitamin D are 
important. Osteocalcin, the vitamin K–dependent 
hormone secreted by osteoblasts, adheres to the bone 
mineral hydroxyapatite, suggesting that vitamin K has 
a role in bone metabolism due to its infl uence on hor-
monal activity.2 Accumulating evidence suggests that 
physicians should encourage their patients to con-
sume more foods rich in vitamin K.

Quality of evidence
We searched MEDLINE from January 1972 to 
December 2002 using the key words vitamin K and 

bone health. We reviewed 30 articles and chose 
those that were English-language human studies 
referring to osteocalcin or osteoporosis. Studies 
chosen included several small clinical trials, one 
prospective study, and two cross-sectional studies 
from the Framingham cohort (level II evidence).

Vitamin K biochemistry
Osteocalcin, the vitamin K–dependent hormone 
secreted by osteoblasts, adheres to hydroxyapa-
tite and influences bone remodeling. Vitamin K 
intake needs to be suffi  cient for full carboxylation 
of osteocalcin. Both γ-carboxylated prothrombin 
and osteocalcin respond to alterations in intake of 
vitamin K.3

Dietary recommendations
Recommended intake of vitamin K has been raised 
from 65 to 90 µg daily for adult women and from 
80 to 120 µg daily for adult men.4 Adequate intake, 
as established in 2001 (Dietary Reference Intakes4), 
was based on median intake data from the 
National Health and Nutrition Examination Survey 
(NHANES III) using the highest value reported for 
four adult age groups (dietary assessment methods 
tend to underestimate actual daily intake of foods).4
Th e Food and Nutrition Board did not think that 
usual indicators of vitamin K status were optimal 
for establishing adequate intake. Earlier data on 
the vitamin K content of foods were based on clot-
ting time from a chick bioassay; only a few foods 
were studied. Th e new analytical method of high-
performance liquid chromatography yields much 
lower values,3 indicating that earlier estimates of 
dietary vitamin K intake were higher than actual. 
Unfortunately, methodologic problems continue to 
hinder the determination of appropriate intake.

Clinical trial results
A study by Rosen and colleagues5 demonstrated 
that vitamin K status was unrelated to bone min-
eral density (BMD) in 113 normal subjects. An 
earlier study6 had demonstrated that vitamin K 

itamin K has long been recognized as a key 
micronutrient in production of several blood-
clotting proteins essential to human health 

(Table 1
V
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Table 1. Vitamin K in human metabolism. Actual and possible 
functions.
ACTIVITY FUNCTION

Blood clotting Carboxylation of coagulation factors II 
(prothrombin), VII, IX, and X

Bone metabolism Carboxylation of osteocalcin, which facilitates 
calcium binding to the hydroxyapatite matrix of 
bone
Decreases urinary calcium excretion

Atherosclerosis Carboxylation of matrix Gla protein, which might 
be essential for prevention of arterial wall 
calcifi cation

Nerve signaling Carboxylation of growth-arrest specifi c protein (gas 
6), which might be important in central nervous 
system activity (possible link with Alzheimer 
disease)

Kidney stones Carboxylation of nephrocalcin, which could reduce 
formation of calcium oxalate kidney stones

Adapted from Kohlmeier.1
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normalized osteocalcin’s hydroxyapatite-binding 
capacity in postmenopausal women. A decrease 
in urinary calcium excretion in “fast losers” of cal-
cium was also observed.

After further study, Knapen et al7 proposed that 
osteocalcin with a high binding capacity could be a 
marker for bone formation, while osteocalcin with 
low affi  nity for hydroxyapatite could be a marker 
for bone resorption. Fast losers of calcium might 
have an imbalance in bone remodeling that could 
be partially corrected with vitamin K. Th e study 
found that fast losers of urinary calcium experi-
enced a 30% decrease in calcium excretion when 
they took vitamin K supplements.7

Szulc and colleagues8 suggested that circulating 
undercarboxylated osteocalcin, which is elevated 
in elderly institutionalized women, is an important 
marker for subsequent risk of hip fracture. Further 
study showed that elevated levels of undercarbox-
ylated osteocalcin were associated with low BMD 
in the hips and femoral neck.9

Hodges et al10 measured circulating levels of 
phylloquinone (the most important dietary source 
of vitamin K) and menaquinones in elderly women 
with hip fractures and found they had mark-
edly lower serum phylloquinone levels than con-
trols (336 ± 302 versus 585 ± 490 pg/mL, P < .01). 
Inadequate vitamin K intake is not unique to white 
populations. In Hong Kong, elderly nursing home 
residents were found to be defi cient also. Vitamin 
K intake was measured using a dietary recall ques-
tionnaire adapted from dietary pattern studies 
among Chinese people. Median vitamin K intake 
among nursing home residents was 4.50 µg/d com-
pared with 488.09 µg/d among those living in the 
community. Only 11% of people living in the com-
munity failed to meet recommended dietary levels 
of vitamin K; 86% of nursing home residents had 
vitamin K intake below recommended levels.11

Epidemiologic evidence
Attributing bone health benefi ts to specifi c dietary 
components can be challenging. For example, one 
study12 observed that high consumption of fruit 
and vegetables was associated with greater BMD 

and less age-related bone loss in both men and 
women. Th e authors of the study were particularly 
interested in the roles of potassium and magne-
sium, but several foods included in the food fre-
quency questionnaire (FFQ) are also sources of 
vitamin K (apples, pears, broccoli, spinach, peanut 
butter, nuts, beans, and lentils) (Table 213,14).

Two prospective studies15,16 examined the rela-
tionship between vitamin K and bone health. Th e 
studies used the same FFQ in different popula-
tions, the Nurses’ Health Study cohort and the 
Framingham Heart Study participants. Feskanich 
and colleagues15 concluded that low intake of vita-
min K could increase risk of hip fracture in women. 
Women in the second to fi fth quintiles of vitamin 
K intake (109 to >242 µg daily) had a signifi cantly 
lower age-adjusted relative risk (RR) of hip frac-
ture (0.70, 95% confidence interval [CI] 0.53 to 
0.93) than those in the lowest quintile (<109 µg 
daily). Th e analysis points to a threshold eff ect (at 

Table 2. Vitamin K content of some common foods

FOOD
SERVING SIZE, 

HOUSEHOLD MEASURE VITAMIN K (µG) 

Yogurt, fruit fl avoured, low fat 1 cup      6.8

Kidney beans 1/2 cup      7.4 

Peanut butter, smooth 2 tbsp      0.1

Margarine, stick, soy 1 tbsp      4.6

Mayonnaise 1 tbsp      5.8

Olive oil 1 tbsp      3.9

Soybean oil 1 tbsp   15.4

Plums 2 medium   11.0

Apple, red 1 medium      2.8

Apricots, raw 4     4.7

Peach, raw 1 medium      2.4

Pear, raw 1 medium      8.1

Grapes, red or green 1/2 cup   12.0

Asparagus, cooked 1/2 cup   72.0

Broccoli, cooked 1/2 cup   88.0

Lettuce, iceberg* 1/6 head    28.0

Spinach, boiled 1/2 cup 324.0

Avocado 1/5 medium      4.3

Coleslaw with home-made dressing 1 cup 119.0

Adapted from United States Drug Administration13 tables and Booth and Centurelli.14

*Because it is consumed frequently, all types of lettuce combined contribute the most 
vitamin K to daily intake from diet.
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about 109 µg daily) for vitamin K rather than a 
dose-response relationship because risk of fracture 
did not decline with higher intake of vitamin K.

Interestingly enough, consumption of lettuce 
was signifi cantly associated with lower risk of hip 
fracture. While not the best source of vitamin K, 
lettuce is consumed frequently, and it is possible 
that intestinal bacteria act on lettuce to produce 
greater amounts of vitamin K in the gut. When 
one or more servings of lettuce daily was com-
pared to one or fewer servings weekly, RR for 
those consuming more lettuce was 0.55 (95% CI 
0.40 to 0.78).

In Framingham Heart Study participants, 
comparing highest (median 254 µg/d) with low-
est (median 56 µg/d) vitamin K intake showed 
hip fracture risk reduced by about 65% (RR 
0.35, 95% CI 0.13 to 0.94). There was no asso-
ciation between vitamin K intake and BMD in 
either men or women and no interaction among 
genotype, phylloquinone, BMD, and hip frac-
ture. The researchers suggested that vitamin 
K was important in determining BMD in early 

adulthood; subjects in this study were 75 years 
old at baseline.16 In a subsequent examination of 
Framingham Heart Study participants’ offspring 
aged 29 to 86 years, low dietary vitamin K intake 
was associated with low BMD in women but not 
in men.14

Results of several studies on vitamin K and bone 
health are shown in Table 3.5-11,15-17

Conclusion
Vitamin K is increasingly thought to have a role 
in bone health. Low intake of vitamin K might 
contribute to risk of osteoporosis and subsequent 
fracture. Determining the adequacy of dietary vita-
min K using older methods, such as prothrom-
bin time or older food tables, might not be useful. 
Additional research is needed to further clarify the 
mechanism of vitamin K in bone metabolism and 
to develop a standardized method of determining 
adequate vitamin K intake.

Current evidence suggests that dietary phyllo-
quinone intake of <100 µg daily is not optimal for 

Table 3. Summary of study results for vitamin K and bone health

STUDY SUBJECTS LOCATION STUDY  TYPE RESULTS

Rosen et al,
19935

113 normal adults Dana Research Institute, 
Boston, Mass

Clinical trial Vitamin K status not related to BMD

Knapen et al, 
19896

Healthy postmenopausal 
women

The Netherlands Clinical (supplementation) 
trial

Vitamin K supplementation normalized osteocalcin 
hydroxyapatite-binding capacity and decreased 
calcium excretion in “fast losers”

Knapen et al, 
19937

145 healthy women The Netherlands Controlled clinical 
(supplementation) trial

30% decrease in calcium excretion in “fast losers”

Szulc et al, 
19938

Elderly institutionalized 
women

France Clinical trial Elevated undercarboxylated osteocalcin is a marker 
for hip fracture

Szulc et al, 
19949

98 elderly institutionalized 
women

France Clinical trial Undercarboxylated osteocalcin negatively 
correlated with hip and femoral neck BMD

Hodges et al, 
199310

51 women (mean age 81 y) France Clinical trial Serum phylloquinone (vitamin K
1
) reduced in 

patients with hip fractures

Tse et al, 
200211

43 elderly men, 57 elderly 
women

Hong Kong Dietary recall study Nursing home residents were defi cient in 
vitamin K

Feskanich et al, 
199915

72 327 women aged 38-63 y Nurses’ Health Study, 
Boston, Mass

Prospective epidemiologic 
study

Women with highest vitamin K intake had lower 
RR of hip fracture

Booth et al, 
200016

335 men, 553 women 
(average age 75.2 y)

Framingham Heart Study, 
Framingham, Mass

Cross-sectional 
epidemiologic study

Higher vitamin K intake associated with lower RR 
of hip fracture

Booth et al,
200317

1112 men, 1479 women 
(average age 59 y)

Framingham Off spring 
Study, Framingham, Mass

Cross-sectional 
epidemiologic study

Low dietary intake of vitamin K associated with 
low BMD in women

BMD—bone mineral density, RR—relative risk.
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bone health. Physicians should encourage their 
patients to consume more vitamin K in their diets 
by eating such foods as green leafy vegetables and 
soybean, canola, and olive oils. 
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EDITOR’S KEY POINTS

• Adequate levels of vitamin K are required for full carboxylation of 
osteocalcin, which is vital for maintaining bone integrity.

• A normal prothrombin time might not reflect optimal intake of 
vitamin K for bone health.

• Although evidence is mostly level II, it suggests that patients should be 
encouraged to ingest suffi  cient vitamin K to optimize bone health.

• Green leafy vegetables and soybean, canola, and olive oils are the 
most important dietary sources of vitamin K. Your mother was right: 
eat your green veggies!

POINTS DE REPÈRE DU RÉDACTEUR

• Des niveaux adéquats de vitamine K sont nécessaire à la carboxyla-
tion complète de l’ostéocalcine, condition essentielle du maintien de 
l’intégrité osseuse.

• Un temps de prothrombine normal ne garantit pas un apport en 
vitamine K optimal pour la santé osseuse.

• Même si les preuves sont surtout de niveau II, elles suggèrent qu’il 
faut promouvoir un apport suffi  sant de vitamine K pour une santé 
osseuse idéale.

• Les légumes feuillus verts et les huiles de soya, de canola et d’olive 
sont les principales sources alimentaires de vitamine K. Nos mères 
avaient raison de dire «mange tes légumes verts».


