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ABSTRACT

Vitamin K, (vit K;) belongs to a large group of fat-soluble compounds whose formulation is MK (mena-
quinone) (MK-2 to MK-14), that seem to be involved in different biological functions. In particular, vit K;
has been recently recognized as efficacious and safe in treatment of bone loss, as it contributes to struc-
tural integrity of osteocalcin (OC), the major non-collagenous protein typically found in bone matrix.
Several studies proved low vit K, intake is linked to bone loss and to increased fracture risk in both sexes.
Nowadays, vit K, supplementation is considered a significant manner to enhance the association of cal-
cium and vitamin D whose role on bone health is largely recognized. On the other hand, vit K, may be
used alone or with other drugs to preserve bone quality/strength from skeletal degradation after meno-
pause and/or in patients affected by secondary osteoporosis. In this paper, we review the most recent

data about vit K, on skeleton.

Introduction

Vitamin K2 (vit K2) includes different types of menaquinones
(from menaquinone-4 - MK-4 - to menaquinone-13 - MK13), a
group of chemicals characterized by a naphthoquinone ring and
a side variable length chain. The chemical formulation of vit K2
is MK_n (MK-2 to MK-14) where ‘n’ stays for the number of
chains of isoprenoid, which are mainly unsaturated; in contrast,
forms of menaquinones, except for MK-4, which are produced
by anaerobic bacteria present in the colon, have saturated prenyl
units [1]. All types of vitamin K differ in their biological actions,
due to discrepancies in enzyme affinity and tissue distribution.
Vitamin K; is mainly stored in the liver; thus, it plays a pivotal
role in synthesis of coagulation proteins, while vit K2 is exten-
sively distributed in the human body [1]. In particular, vit K2
properties were largely investigated since this fat-soluble com-
pound seems to be involved in different physiological processes
[1]. Specifically, the role of vit K2 in maintenance of bone integ-
rity assumed growing interest in bone biology and treatment of
osteopenia/osteoporosis.

In this review, we summarize recent evidence about vit K2
impact on bone metabolism.

Vitamin K2 and bone tissue: state of the art

Many data regarding vit K2 action on bone tissue are now avail-
able. It is largely known how low levels of vitamin K might
negatively impact on inner skeletal structure, producing an
increased risk of osteopenia/osteoporosis in both sexes. In a pro-
spective study, Feskanich et al. demonstrated that low consump-
tion of vitamin K was associated with higher hip fracture risk at
10 years in women aged 38-63 years in the lowest quintile of
intake (<109 pg/day). For instance, that risk seemed to be
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inversely related to lettuce consumption (RR: 0.55; 95% CI: 0.40,
0.78), as that food is particularly rich of vitamin K [2].

This observation was confirmed in following studies, suggest-
ing that in elderly men and women vitamin K intake was associ-
ated with femoral fracture risk but not with bone mineral
density (BMD) [3]. On the other side, the Hordaland Health
Study conducted from 1997 to 2000 did not confirm relevant
positive association between dietary intake of both vitamins K;
or K2 and BMD. However, the authors pointed out how women
with low intake of vitamin K; had higher risk of low BMD while
vit K2 assumption seemed to less significantly affect BMD [4].

Macdonald et al. showed vitamin K dietary intake was directly
associated with higher BMD and concomitant reduction of
markers of bone turnover (BTMs) in a cohort of post-menopausal
Scottish women aged 49-54 years [5].

Furthermore, low vitamin K consumption had been linked to
bone turnover in adolescent girls aged 3-16 years. In fact,
Kalkwarf et al. reported high plasma phylloquinone and low per-
centage undercarboxylated osteocalcin (ucOC) were associated
with lower bone resorption and formation [6].

Given these data which still require further clarifications in
largest population studies, the role of vitamin K in bone metab-
olism may be crucial and possible benefits of its supplementation
becomes even more intriguing.

According to the latest evidence, vitamin K supplementation
in addition to vitamin D and calcium seems to contribute to
increase lumbar spine BMD in comparison to the standard
combination of calcium and vitamin D alone [7]. In particular,
vit K2 seemed to be more efficacious in improving bone
quality, owing to its pharmacological features. In fact, as men-
tioned earlier, vit K2 is characterized by many long side chains
that confer structural complexity and specificity to this com-
pound [8].
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Vit K2 can be linked to the maximum gamma-carboxylation
activity in comparison with other kind of vitamin K (such as
vitamin K; and vitamin K3): this aspect is particularly important
as it is essential in the maintenance of osteocalcin (OC) struc-
ture, the most important non-collagenic skeletal vitamin K-
dependent (VKD) protein. In fact, the gamma-carboxylated OC
(cOC) corresponds to the active OC that can effectively bind cal-
cium to bone hydroxyapatite crystals [9]. Moreover, the presence
of normal level of vit K2 ensures the key phenomenon of carb-
oxylation of all other VKD proteins, including Periostin and
Matrix Gla protein (MGP), producing their functional activation
in different organs [10]. Besides, vit K2 was supposed to act
through other peculiar mechanisms of action. Rank-RankL path-
way plays a pivotal role in the regulation of osteoclastic activity
and differentiation, stimulating bone resorption [11]; interest-
ingly, vit K2 has been demonstrated to directly inhibit this path-
way, thus reducing osteoclastogenesis [11]. On the other hand, it
appears vit K2 might improve osteoblastogenesis ensuring bone
formation, directly interacting with the steroid and xenobiotic
receptor (SXR), a nuclear receptor of osteoblasts which can pro-
mote the accumulation of collagen into the bone. However, these
observations need further investigations and characteriza-
tions [12].

As regards bone physiology, many authors showed circulating
ucOC is an independent risk predictor of bone fragility fractures
and the reduction of ucOC together with the augmentation of
cOC may demonstrate the effects of vit K2 use even after few
months of treatment [13]. Effects of vit K2 supplementation on
bone structure are very interesting in the light of the most recent
concept of osteopenia/osteoporosis as the consequences of pro-
gressive loss of both bone density and quality [10]. In fact, even
if the importance of vit K2 needs to be contextualized taking
into account the importance of all vitamins in general bone
health, its key role in bone homeostasis seems to be much more
defined in comparison with nutrients other than vitamin D and
calcium [7]. Indeed, combined use of the latter standard supple-
ments with vit K2 might enhance bone strength counteracting
the effect of age- and menopause-related and/or secondary bone
resorption alone or along with major anti-osteoporotic
drugs [13].

Analysis of bone status assessed in vivo in ovariectomized rats
treated with a bone health product (BHP) including calcium,
vitamin D,, and vit K2, showed vit K2 supplementation
efficiently improved osteoblastic activity inhibiting osteoclasto-
genesis, as demonstrated by decreased blood concentrations of
C-terminal telopeptide of type I collagen (CTX) compared to the
control diet [14]. Furthermore, an other previously published
study, pointed out vit K2 and 1o,25-dihydroxyvitamin D3
(1,25(OH)2D3), alone and in combination increased osteoblasto-
genesis in diabetic mice [15]. That common mechanism of action
could represent an important strategy in prevention and/or treat-
ment of bone loss often observed in diabetes. In fact, although
diabetic patients usually have normal BMD, they are at higher
fracture risk due to the possible deterioration of bone structure
induced by advanced glycation endproducts (AGEs) [16]. In that
manner, vit K2 - in accordance with its capability to preserve
bone quality - may represent a novel therapeutic approach to
the reduced bone strength of these patients with increased fragil-
ity fracture risk, whose consequences could strongly impact on
their general health and quality of life which is often already
compromised.

On the other hand, Kanellakis et al. confirmed the association
of calcium 800 mg/die and 10 mcg vitamin D; (=400 UI) with

100 mcg vitamin K, or vit K2 as menaquinone-7 stronger ame-
liorated lumbar spine BMD compared to calcium and vitamin D
alone. The usefulness of that combination should consist in the
possibility to protect not only bone density but also bone quality,
acting at different levels, obtaining an unique beneficial result:
the maintenance of bone strength [7].

Vit K2 supplementation appeared also useful to sustain the
activity of antiresorptive agents. Calcium +vitamin D always
strengthen bisphosphonates (BPs) effects on bone density: at the
same time, their adjunct to all anti-osteoporotic drugs is strongly
recommended by international guidelines [17]. Additional
assumption of vit K2 may have a further promising role in bone
homeostasis. For example, according to many studies, vit K2
contributes to both increase femoral BMD and reduce the inci-
dence of vertebral fracture, if associated respectively to alendro-
nate and etidronate [18,19]. However, data about other BPs
remain controversial. For instance, even if patients reporting ver-
tebral fractures during risedronate therapy showed higher ucOC
in comparison with patients without, the superiority of add-
itional therapy with vit K2 in respect to risedronate alone in
reducing ucOC and fragility vertebral fracture risk was not con-
firmed [20].

Another study revealed concurrent treatment with risedronate
(2.5mg/day or 17.5mg/week) and vit K2 (45mg/day) of late
post-menopausal osteoporotic women (>65 years) was not more
efficacious as compared to monotherapy with risedronate to
decrease fracture risk. While level of ucOC significantly
decreased in subjects assuming both treatments, discontinuation
rate of therapy was higher in the risedronate and vit K2 group
than in the risedronate alone group (10.0% vs. 6.7%) [21]. That
phenomenon may at least in part explain the final results. In
fact, sometimes low adherence to different anti-osteoporotic
treatments, probably due to a general scarce awareness of bone
loss, can explain the recurring delay and/or reduction of
expected benefits of different treatments [22].

Newsworthy data emerged from few studies concerning vit
K2 with parathyroid hormone (PTH; recombinant human PTH
(1-34), teriparatide) therapy. Teriparatide is generally used in
more severe cases of osteoporosis associated with >2 serious ver-
tebral fractures and/or femoral fracture and/or in absence of
positive evident effects in reducing fracture risk of other anti-
osteoporotic drugs. Few but interesting data showed PTH plus
vit K2 as MK-4 can improve osteoblastic activation and bone
healing in animal models [23-25]. This observation could repre-
sent a new opportunity in the future of anti-osteoporotic ther-
apy, although we need more powerful proofs in real
clinical practice.

Limits and future implications

Even if the key role of vit K2 in bone health is assuming growing
interest, there are still some points concerning its medical prac-
tical use which needs further characterization.

The assessment of vit K2 levels remains a matter of discussion
in absence of a unique cutoff indicating its normal value. In fact,
nowadays the only possibility to obtain some informations about
vit K2 status is the calculation of the ratio ucOC/cOC. It may be
considered an indirect parameter that can be weak to evaluate
baseline condition of each patient in terms of bone quality but
that can be more useful to estimate the effect of vit K2 after
some weeks of supplementation [6,7]; therefore, the ratio ucOC/
cOC assumed similar impact of BTMs in relation to bone evalu-
ation, and its significant modification in the long term may



demonstrate a beneficial effects on bone quality due to vit
K2 therapy.

In addition, the dose normally used in clinical studies produc-
ing beneficial effects on bone, corresponded to 45mg/day of
MK-4 or MK-7 while vit K2 is now available in different com-
pound in association with vitamin D3 and calcium at dosage of
45mcg. That aspect could supposedly define a subtle risk of
underdosing of this element in respect to the other two major
nutrients (i.e. vitamin D and calcium). However, the choice of
more appropriate pharmaceutical composition and the opportun-
ity to improve tolerability reducing side effects may render that
dose of vit K2 more suitable for assumption, ensuring to osteo-
penic/osteoporotic patients a complete supplementation. It must
be noticed that the latest claim of the European Food Safety
Authority (EFSA) declared adequate intake of vitamin K as phyl-
loquinone may reach about 70 mcg/day for all adults including
pregnant and lactating women [26].

Although many studies showed positive results about vit K2
use with regards to improvement of BMD and amelioration of
bone quality, its protection from global fracture risk need to be
confirmed in larger randomized controlled trials (RCTs). The
most important evidence about fragility fracture reduction were
reported in some meta-analysis which even if pointed out the
capability of vit K2 to preserve bone metabolism of patients just
affected by significant bone loss, remained methodologically con-
troversial [27]. However, those studies properly did not confirm
the advantages of vit K2 use in healthy subjects, while it
appeared to reduce the risk of VFXs in osteoporostic patients,
suggesting to avoid an important mistake in patient selection not
only in future scientific insights but also in every-day clinical
activity [28]. Moreover, those data are not surprising given that,
although many authors found an inverse correlation between
vitamin K, - the principal form of vitamin K in foods - and
fracture risk [29], the same link between dietary vitamin K and
risk of fragility fractures in overall population still remains to
be elucidated.

Conclusions

The prospective of larger supplementation with vit K2 is to
ensure the maintenance of skeletal inner integrity in order to
preserve the whole strength of bone appeared promising. More
data about vit K2 efficacy in preventing osteoporotic fragility
fracture are necessary, though recent studies seem to corroborate
the positive benefits of its use regarding moderate increase of
BMD at major risk fracture sites, such as femur and vertebrae,
and remarkable reduction of ucOC in favor of cOC, the most
appropriate form of OC to guarantee an adequate bone structure.
In this view, it is important to consider the reduction of fragility
fracture risk exerted by vit K2 seems to be more significant in
osteoporotic patients. This concept could be essential in indi-
vidualization of treatment strategy.
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