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Vitamin K (where the letter K stands for Koagulation) 
was first described in 1935 by the Danish biologist and 
physiologist Henrik Carl Peter Dam, who was awarded 
the Nobel Prize for this discovery in 1943 (shared with the 
American Edward Adelbert Doisy, who was responsible for 
the synthesis of the molecule).

The definition ‘vitamin K’ basically groups together 
a series of three fat-soluble compounds that share the 
2-methyl-1,4-naphthoquinone base: K1, K2, K3.

The vitamin K1 form (phylloquinone PK, chemically 
2-methyl-3-phityl-1,4-naphthoquinone) is the one most 
commonly found in the Western diet, being present in 
green leafy vegetables such as spinach, savoy cabbage and 
kale, and is absorbed ileal, mainly transported to the liver, 
regulating the production of clotting factors [1].

Vitamin K2 (MKn menaquinones), comprises different 
molecules (e.g. MK-6, -7, -8), due to the number of isoprene 
units present in the side chain and being of bacterial 
synthesis, they are produced by the intestinal flora from 
lactic acid bacteria, as well as being present mainly in 
fermented dairy products [2].

Vitamin K2 is transported to extrahepatic tissues, such 
as bone and the vascular wall, by regulating the activity of 
matrix Gla protein (MGP) and osteocalcin (bone Gla protein) 

- the main vitamin K-dependent proteins. They require 
vitamin K for carboxylation to function properly. When 
circulating concentrations of vitamin K are insufficient, 
a greater proportion of MGP and osteocalcin remain 
uncarboxylated, which is associated with unfavourable 
outcomes such as cardiovascular disease, lower BMD and 
osteoporosis [17]. 

Vitamin K in fact participates as a coenzyme in the 
formation of the enzyme gamma-Glutamyl CarboXylase 
(GGCX) within the endoplasmic reticulum that catalyses the 
carboxylation of glutamic acid (Glu) residues, which once 
converted to gamma-carboxyglutamic acid (Gla) increases 
the activity of Vitamin K-Dependent Proteins (VKDPs). The 
importance of VKDPs is their involvement in vascular and 
bone tissue repair mainly through the activity of the bone 
Gla protein and osteocalcin [3,4].

Lastly, vitamin K3 (menadione) identifies the synthetic 
analogue, which has no side chain. It also has a water-soluble 
bisulphite derivative.

The two main non-synthetic classes differ in their site 
of absorption: ileum for vitamin K1, large intestine for K2. In 
both cases, the molecules enter the enterocytes in the form 
of micelles and are then released into the tissues following 
the low-density lipoprotein cycle (chylomicrons, then VLDL 
and finally LDL).

It should be remembered that vitamin K reserves are 
limited but can be recycled to a certain extent. The lack of 
vitamin K2 synthesis in the intestine, which is often the 
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result of chronic dysbiosis, causes profound homeostatic 
deterioration. The role of vitamin K2 in bone homeostasis has 
long been overlooked, but its deficiency causes the ‘calcium 
paradox’, characterised by ectopic calcium deposition in 
places other than the skeleton, in vessels, on bone surfaces 
(osteophytes) and in joints (Figure 1) [5,6].

Figure 1: The important role of Vitamin K2 in formation of 
bone and osteoblasts activation (D.T.).

Vitamin K can also act as a ligand for the nuclear 
receptor for Steroids and Xenobiotics (SXR) (Pregnane X 
Receptor, PXR, murine homologue). Evidence has shown 
that SXRs/PXRs are expressed in osteoblasts and are 
activated by vitamin K which in turn up-regulates gene 
expression such as tsukushi (Tsk), matrilin-2 (Matn2) and 
CD14 involved in bone morphogenetics and formation.

Vitamin K, and in particular K2 in its menaquinone 
4 and 7 form (MK 4-7) is able to inhibit osteoclastic bone 
resorption by suppressing the expression of RANKL [7-12].

It should be noted that warfarin, an anti-coagulant 
drug, functions as a vitamin K antagonist that prevents 
vitamin K activity by inhibiting two vitamin K-related 
enzymes, epoxide reductase (VKOR) and vitamin K quinone 
reductase. Long-term use of warfarin has shown bone decay, 
VKOR subunit 1 (VKORC1) has also been used as a marker 
for bone condition [13-18]. 

More and more works analysing data on COVID-19 
show how adequate serum levels of vitamin D3 can prevent 
the onset of the disease, with an important impact on both 
hospitalisation and mortality rates of patients [19-21], 
Unfortunately, however, very few studies have analysed 
the vitamin D3-vitamin K2 synergy [22], which is well 
documented in the literature, both in terms of the importance 
of vitamin K2 deficiency and the need to avoid undesirable 
long-term effects, which could, moreover, aggravate a 
potential long-Covid syndrome [23,24]. 

In conclusion, therefore, having analysed the 
problems caused by a vitamin K2 deficiency and illustrated 
the underlying metabolic mechanisms, although we are 
aware that further studies and investigations are required, 
we believe we should recommend joint vitamin D3-
vitamin K2 supplementation, in order to avoid dangerous 
undesirable side effects, especially on the osteoarticular and 
cardiovascular systems.
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