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Abstract: Vitamin K (VK) comprises a group of substances with chlorophyll quinone bioactivity and exists in nature in the form of 
VK1 and VK2. As its initial recognition originated from the ability to promote blood coagulation, it is known as the coagulation 
vitamin. However, based on extensive research, VK has shown potential for the prevention and treatment of various diseases. Studies 
demonstrating the beneficial effects of VK on immunity, antioxidant capacity, intestinal microbiota regulation, epithelial development, 
and bone protection have drawn growing interest in recent years. This review article focuses on the mechanism of action of VK and its 
potential preventive and therapeutic effects on infections (eg, asthma, COVID-19), inflammation (eg, in type 2 diabetes mellitus, 
Alzheimer’s disease, Parkinson’s disease, cancer, aging, atherosclerosis) and autoimmune disorders (eg, inflammatory bowel disease, 
type 1 diabetes mellitus, multiple sclerosis, rheumatoid arthritis). In addition, VK-dependent proteins (VKDPs) are another crucial 
mechanism by which VK exerts anti-inflammatory and immunomodulatory effects. This review explores the potential role of VK in 
preventing aging, combating neurological abnormalities, and treating diseases such as cancer and diabetes. Although current research 
appoints VK as a therapeutic tool for practical clinical applications in infections, inflammation, and autoimmune diseases, future 
research is necessary to elucidate the mechanism of action in more detail and overcome current limitations. 
Keywords: vitamin K, VK-dependent proteins, infection, inflammation, auto-immune disease

Introduction
Infectious diseases pose a significant global health challenge.1 The human immune system responds to harmful foreign 
invaders and internal mutations, employing defense mechanisms to counteract such assaults.2 As we age, the immune 
system undergoes a process of development, maturation, and senescence, characterized by a progressive decline in 
immune function associated with an increased frequency of infections and chronic inflammation.3 Compared to healthy 
adults, children, the elderly, and patients with chronic disease and autoimmune disorders are more susceptible to 
pathogen invasion due to their weakened immune system. Therefore, further research is required to strengthen the 
development of effective drugs for immunity enhancement and pathogen infection resistance.

Vitamins are essential nutrients for a healthy body and the proper functioning of the immune system. Vitamins are 
subdivided into two groups: water-soluble (C and B-complex vitamins) and fat-soluble (vitamins A, D, E, and K). 
Vitamin K (VK), discovered by Danish biochemist Henrik Dam in the 1930s, is composed of phylloquinone and 
menaquinone and found in a wide variety of plant and animal products.4 In addition to the well-established biological 
function in blood coagulation,5 it has also shown some beneficial effects in immune response and anti-inflammation. 
However, to our knowledge, there is no review providing a comprehensive summary in this regard. Thus, we searched 
the online databases PubMed, Web of Sciences, Scopus, Google Scholar and Science Direct for literature on the effects 
of VK in infections (eg, asthma, COVID-19), inflammation (eg, in type 2 diabetes mellitus (T2DM), Alzheimer’s disease 
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(AD), Parkinson’s disease (PD), cancer, aging, atherosclerosis) and autoimmune disorders (eg, inflammatory bowel 
disease (IBD), type 1 diabetes mellitus (T1DM), multiple sclerosis (MS), and rheumatoid arthritis (RA)). This review 
aims to summarize the current literature regarding the implications of VK supplementation in infections and the immune 
response, including evidence from both preclinical and clinical studies.

Chemical and Physiological Characteristics of Vitamin K
VK can be derived from natural sources and chemical synthesis. Two types of VK occur in nature: VK1 and VK2. VK1 
(phylloquinone) is mainly present in leafy or flowering vegetables and vegetable oils.6 VK2 consists of a group of 
menaquinones (MK-n, wherein n represents the number of isoprenyl residues). It is found in meat, eggs, dairy products 
such as yoghurt or milk,7 and fermented foods such as soybeans (natto) and cheese.8,9 It can also be biosynthesized by 
gut bacteria, but these amounts are insufficient to meet physiological requirements.10 Among all menaquinones, MK4 
and MK7 are the most well-studied in the human diet.11 VK3, also known as menadione, is a synthetic version of VK. It 
also originates from the intestine, as an intermediate product for the conversion of oral VK1 to VK2.12

Vitamin K and Infections
Asthma
Asthma, a complex disease with varied clinical features and physiological indicators, is categorized into multiple phenotypes. 
Among its causes, type 2 airway inflammation, linked to type 2 cytokines such as interleukin (IL)-4 and IL-13, plays a pivotal 
role.13 Clinical research has shown that VK2 supplementation gave effective rates of 90.9%, 86.7%, and 72.7% in mild, 
moderated, and severe patients, respectively.14 During infection, matrix gamma-carboxyglutamic acid protein (MGP) is 
a potent calcification inhibitor in the lung tissue which requires VK for its activation.15 The interplay between MGP, IL-6, and 
VK is a crucial determinant. When VK levels are high, MGP levels are high and IL-6 levels are low; when VK levels are low, 
the reverse occurs. Plasma levels of dephosphorylated-uncarboxylated MGP (dp-ucMGP) are a biomarker of VK deficit, 
which is associated with lower ventilatory capacity and higher risk of asthma.16

COVID-19
COVID-19 is a pervasive global infectious disease, which has had a profound impact on the well-being of individuals 
worldwide. Seeking effective treatment interventions is crucial, and VK has become a key research topic. It is worth 
noting that severe cases of COVID-19 are usually the result of excessive inflammation, in which the cytokine IL-6 plays 
a central role.17–19 Interestingly, VK can indirectly control the production of IL-6.20 Comparative analysis of patients 
with COVID-19 showed that patients with a better prognosis exhibited a decline in the level of IL-6. Importantly, dp- 
ucMGP is a key factor in the destructive inflammatory process of COVID-19. The increase in dp-ucMGP levels indicates 
a decrease in VK concentration, an increase in IL-6 levels, and exacerbation of inflammation.21

Vitamin K and Inflammation
Recently, the importance of low-grade inflammation in the progression of chronic inflammatory diseases has been 
confirmed through observations. Recent reports have linked the medicinal values of VK with its anti-inflammatory 
activities. Therefore, this section aims to discuss the therapeutic effects and potential mechanism of VK on inflammatory- 
related diseases based on existing in vitro and in vivo evidence.

Type 2 Diabetes Mellitus (T2DM)
T2DM remains a major challenge for the global healthcare industry and is the most common form of diabetes. 
Commonly linked to lifestyle factors and genetic predisposition, the condition occurs as a result of insulin secretion 
dysfunction or when efficiency of insulin absorption and utilization of glucose decreases, causing persistent increases in 
blood glucose levels. In a hyperglycemic internal environment, the typical symptoms of diabetes, such as polyuria, 
polydipsia, polyphagia and weight loss, as well as serious complications such as cardiovascular disease, can appear.22 At 
present, the primary method for the prevention and treatment of T2DM is to control blood sugar. Although the most well- 
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known function of VK is coagulation, it also plays an important role in stabilizing blood sugar, improving insulin 
sensitivity and controlling diabetes.

Studies have evaluated the effects of VK on insulin response and blood glucose status. A study of healthy young men 
controlled for VK intake found that, after administering glucose load plasma glucose (PG)was higher, while immunoreactive 
insulin (IRI) and insulin production index (incremental IRI/incremental PG, 0–30 minutes) were significantly lower in the 
lowVK intake group in comparison with the high VK intake group. These results indicate that VK may play an important role 
in acute insulin response.23 Regarding the impact of VK on the pancreas, Sakamoto et al24 compared the glucose tolerance of 
healthy young men before and after administering VK2 (menadione-4), and concluded that glucose tolerance after taking VK2 
was significantly higher than before taking VK2, demonstrating that VK2 may play a positive role in reducing the blood sugar 
function of the pancreas. The association between VK intake and insulin sensitivity and blood glucose status was also studied 
through a set of data. The findings indicated that intake of VK1 and VK2 has a beneficial effect on glucose homeostasis.25 

Supplementing VK1 at a dietary dose for 36 months can improve insulin in elderly men, but it is almost ineffective in 
women.26 Meanwhile, some studies have shown that supplementary nutrition can improve blood glucose status and insulin 
sensitivity of women with pre-diabetes. However, it does not affect insulin resistance.27,28 According to the available data, 
VK1 has a positive effect on improving insulin levels in both men and women, but it also shows relative limitations. Table 1 
summarizes the studies of VK related to insulin sensitivity and blood glucose levels. The data shows that both VK1 and VK2 
can improve blood glucose homeostasis and insulin sensitivity, and have positive effects on the treatment of T2DM. However, 
the differences in the form of VK have not been clearly defined for blood glucose control, and the optimal intake is still unclear. 
Urgent research on phylloquinone and menaquinone is warranted. In addition, the specific mechanism of VK in controlling 
blood glucose balance is still unclear, and more studies are needed to evaluate the effect of VK on glucose metabolism and its 
role in T2DM.

Alzheimer’s Disease (AD)
AD is a neurodegenerative disease that primarily damages brain neurons and is the most common form of dementia. 
However, treatment methods for AD require further exploration. The mainstream view on the pathogenesis of AD is that 
the gradual deposition of extracellular β-amyloid (Aβ) in the brain to form neuritic plaques produces neurotoxicity, 
leading to neuronal degeneration and cognitive impairment.29 It has been shown that VK participates in the synthesis of 
sphingolipids, which are involved in brain cell proliferation and neuronal myelin formation.30,31 VK also participates in 

Table 1 Summary of the Research Results of Vitamin K Regulating Blood Glucose and Insulin

Object VK intake Purpose Conclusion Ref

Healthy 
young 

man

Usual dietary intake Discuss Relationship between acute insulin 
response and VK intake.

High VK intake is beneficial to improve the 
insulin sensitivity.

[23]

Healthy 
young 

man

VK2 Explore the effect of one-week VK2 tablet intake on 
glucose tolerance of healthy young man.

VK2 is beneficial to blood glucose balance. [24]

Men and 
women

Usual dietary intake Study the relationship between VK intake and 
insulin-induced blood glucose status in men and 

women.

VK1 and VK2 are beneficial to improve blood 
glucose disorder.

[25]

Older 
men and 

women

Usual dietary intake Investigate whether VK supplementation for 36 
months can improve insulin resistance in elderly 

men and women.

VK1 intake is beneficial to improve insulin in 
elderly men.

[26]

Pre- 
diabetic 

women

With or without 500 
µg/day VK1 

supplementation

Examine the regulatory effect of VK1 
supplementation on glucose homeostasis in pre- 

diabetic women.

Supplementation of VK1 can improve blood 
glucose status of women with pre-diabetes 

mellitus.

[27]

Pre- 
diabetic 

women

With or without 
1000 µg/day VK1 

supplementation

Study whether VK1 supplementation affects glucose 
metabolism or insulin sensitivity in women with 

pre-diabetes mellitus.

VK1 supplementation is beneficial to improve 
blood glucose status and insulin sensitivity for 

pre-diabetic women.

[28]
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the biological activation of a range of VK-dependent proteins (VKDPs) with complex activities, such as the dependent 
protein growth arrest-specific gene 6 (Gas6) and protein S.32 Gas-6 regulates neuroinflammation, reduces hippocampal 
neuronal cell death, promotes myelin formation, and exhibits regulatory effects on the sciatic nerve after nerve 
transection, indicating that Gas-6 may be a novel neurotrophic factor for hippocampal neurons.33,34 Gas-6 also hinders 
Aβ-induced calcium influx, thereby attenuating neuronal apoptosis and neurotoxicity.35 Protein S is another VKDP. 
Studies have demonstrated that protein S protects neurons during ischemic brain injury.36 Some studies have shown that 
ischemia may drive the development of AD,37 as such protein S may also have a positive effect on reducing the risk 
of AD. Overall, both VK1 and VK2 are beneficial for protecting the nervous system and maintaining brain homeostasis, 
thus playing a positive role in the treatment of AD. According to existing studies, the correlation between VK2 and AD is 
greater than that of VK1. The mechanism of VK action in nervous system development, the differences between VK1 
and VK2, and the mechanism of the role of VKDPs have not been fully explored. Further in-depth studies are urgently 
needed.

Parkinson’s Disease (PD)
PD is a complex neurodegenerative disorder that affects the nervous system and neurologically-controlled body parts. Due to the 
unclear pathological mechanism, only symptomatic treatment is possible. Aging, genetics, and oxidative stress may be related to 
the development of the disease.38 Studies have shown that mitochondrial function and structural changes to the mitochondrial 
respiratory chain are associated with the loss of dopaminergic neurons in the substantia nigra of patients with PD.39 VK1 can be 
converted into VK2 in human mitochondria, which can serve as an electron carrier for bacterial mitochondrial membrane 
binding. It has been found that VK2 (MK-4), as an electron carrier, bypasses complexes I and II of ETC through the Q cycle, 
which can transfer electrons from the mitochondria of Drosophila melanogaster, repair mitochondrial defects, and maintain 
normal ATP production.40 Therefore, VK, as an electron carrier for mitochondrial membrane binding, has a positive effect on the 
treatment of mitochondrial function. There is data indicating that after one week of MK-7 treatment, the brain ATP levels in PD 
patients increased compared to healthy controls.41 Serum VK2 levels in PD patients have been found to be significantly lower 
than in healthy controls.42 Research has shown that VK2 levels may be related to the occurrence and development of PD. α- 
Synuclein (α-Syn) is a presynaptic neuronal protein that may participate in the pathogenesis of PD in multiple ways and disrupt 
cellular homeostasis, leading to neuronal death. Some studies have explored the interaction between VK and α-synapses, 
indicating that VK can slow down the fibrosis of α-Syn.43 Overall, VK2 has the potential to treat PD, mainly by repairing 
mitochondrial defects and improving the production efficiency of ATP as an electronic carrier. However, existing research has not 
yet confirmed the relationship between VK2 and PD, and more data are required to draw conclusions.

Cancer
Cancer is considered the second leading cause of death from non-communicable diseases,44 and is a complex and variable 
process with many potential genetic causes.45 Although VK is mainly used for coagulation, studies have shown that it can induce 
cancer cell apoptosis and cell cycle arrest.46 Among the VK type, VK3 exhibits effective inhibitory effects on cancer cells,47 but 
has high toxicity so is generally not used for cancer treatment. VK2 can also inhibit the proliferation of cancer cells with a weaker 
effect compared to VK3, while VK1 has the weakest function.48,49 Therefore, the inhibitory effect of VK2 on tumor cells has 
become a focus of VK anticancer research. Studies have shown that VK2 prevents the phosphorylation of IκB by inhibiting IKK 
kinase activity, thereby inhibiting the expression of cell cycle protein D1 and suppressing the growth of cancer cells.50 In addition, 
it also inhibits NF-κB activation by inhibiting PKC kinase activity and PKD1 activation.51 When VK2 is used as a combination 
drug to block the differentiation and growth of monocytes in leukemia HL-60 cells, its therapeutic value in leukemia has been 
demonstrated.51,52 It has been found that VK2 inhibits the growth and invasion of hepatocellular carcinoma cells by activating 
protein kinase A.53 It also blocks the cell cycle, inhibits the proliferation of HepG2 cells by activating the transcription of the p21 
gene,54 significantly inhibits the expression of hepatocellular carcinoma derived growth factor (HDGF) and mRNA in 
hepatocellular carcinoma cells (HCCs), inhibits the growth of HCC, and reduces the risk of hepatocellular carcinoma develop-
ment. In summary, whether used alone or in combination, VK2 can inhibit tumor cell growth and induce cell cycle arrest through 
various pathways (Figure 1), and its therapeutic effect on cancer has been fully confirmed. However, further exploration is 
required to improve understanding of the mechanisms of action for different types of cancer.

https://doi.org/10.2147/JIR.S445806                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 1150

Xie et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Aging
Aging is a multifactorial process that leads to gradual aging of human tissues and structures, organ dysfunction, and 
weakened body resistance, including in the brain, musculoskeletal, and cardiovascular systems. With the extension of human 
life expectancy, age-related diseases are increasing.55,56 Research has confirmed that VK has antioxidant and anti- 
inflammatory activities, which can improve quality of life and combat age-related diseases.57 The intake of VK is beneficial 
for reducing the risk of age-related bone diseases. It has been established that VK deficiency leads to the development of 
fractures. The biological aging associated with VK deficiency further exacerbates abnormalities in bone structure and reduces 
bone strength. VK plays a cofactor role in enzymatic conversion of glutamic acid (Glu) into γ-Carboxyglutamic acid (Gla). 
VK deficiency leads to insufficient γ-carboxylation of VKDPs.58 VKDPs, including mineralization inhibitor MGP and 
osteocalcin (OC), are present in joint tissues. Some studies have shown that VK is beneficial in reducing the risk of 
developing osteoarthritis.59 VK enhances serum OC gamma-carboxylation in a dose-dependent manner and participates in 
bone metabolism to improve bone health.60 Undercarboxylated OC (ucOC) accounts for 40–60% of total OC and is a risk 
factor for fractures in the elderly.61,62 Increased VK intake is effective in reducing ucOC levels, favoring bone renewal and 
enhancing bone density,63 and maintaining VK intake reduces the prevalence of hip fractures.64 In a study linking VK1 to 
bone health in postmenopausal women, VK1 can reduced the risk of fracture in postmenopausal osteoporosis and enhanced 
hip joint strength.65 Long-term stable intake of VK1 can reduce bone loss and help reduce the incidence of fractures, 
indicating that VK may be beneficial for inhibiting bone resorption and maintaining bone formation.66 VK2 inhibits NF-κB 
activation, which is associated with osteoclast formation as well as osteoblast differentiation. Therefore, VK can inhibit 
osteoclast synthesis and stimulate osteoblast differentiation by inhibiting NF-κB activation. In addition, VK2 prevents the 
inhibition of transforming growth factor β (TGF-β) or bone morphogenetic protein-2 (BMP-2)-induced small mother against 
decapentaplegic (SMAD) signaling by tumor necrosis factor α (TNF-α), which further stimulates osteoblast formation, 
ameliorates bone loss and promotes bone health.67 VK2 combines with vitamin D (VD) and calcium to improve bone 
mineral density and bone quality and reduce bone loss. VD can improve osteoporosis and reduce the risk of fracture by 
enhancing the carboxylation of OC, which facilitates the entry of calcium into the bone matrix and its participation in bone 
metabolism; VK2 shows positive synergistic effects in this regard.68

Figure 1 Mechanism of vitamin K2 (VK2) inhibition of cancer cell proliferation. VK2 prevents the phosphorylation of IκB by inhibiting IKK kinase activity, thereby inhibiting 
the expression of cell cycle protein D1 and suppressing the growth of cancer cells. It also inhibits NF-κB activation by inhibiting PKC kinase activity and PKD1 activation. In 
addition, VK2 blocks the cell cycle, inhibits the proliferation of HepG2 cells by activating the transcription of the p21 gene, significantly inhibits the expression of 
hepatocellular carcinoma-derived growth factor (HDGF) and mRNA in HCC, inhibits the growth of HCC, and reduces the risk of hepatocellular carcinoma development.
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Atherosclerosis
Increasing VK intake is beneficial for combating cardiovascular disease (CVD). Aging leads to degenerative 
changes in arterial vessel walls, such as vascular calcification (VC), atherosclerosis, and structural and functional 
abnormalities of the vessel wall. Medial VC accelerated vascular aging and increased CVD morbidity and mortality 
in a population with chronic kidney disease.69 Studies have shown that the anti-inflammatory and antioxidant 
effects of VK may be conducive to reducing cardiovascular risk, morbidity and mortality, and ameliorating the 
effects of atherosclerosis and atherosclerosis.70 VK carboxylation effectively activates MGP, which highly binds to 
calcium after activation, thereby inhibiting VC and preventing CVD.71 dp-ucMGP is associated with cardiac 
function and mortality.72 Elevated dp-ucMGP levels aggravates renal dysfunction, atherosclerosis, and vascular 
calcification.73 Studies have shown that plasma dp-ucMGP levels decrease in a dose-dependent manner after 
increasing VK2 intake.74 In addition, VC is a chronic inflammatory process mediated mainly through the NF-κB 
signaling pathway, producing pro-inflammatory cytokines (eg, IL-1β, IL-6, TNF-α, etc.), which are closely 
associated with CVD. VK can exert anti-inflammatory effects and prevent VC by blocking NF-κB signaling.75 It 
has been shown that nuclear factor red factor 2-related factor 2 (NRF2) signaling and VK are beneficial for 
blocking reactive oxygen species production, slowing down aging, reducing DNA damage, and resisting the onset 
of inflammatory responses.69

Vitamin K and Auto-Immune Disease
Inflammatory Bowel Disease (IBD)
IBD, comprising the conditions ulcerative colitis (UC) and Crohn’s disease (CD), is characterized by chronic 
relapsing intestinal inflammation.76 IBD increases the risk of colorectal cancer, especially in patients with 
intestinal microbiota disorders.77 Studies have shown that approximately half of IBD patients exhibit micronutrient 
deficiencies, including VK and VD.78 Micronutrient supplementation emerges as a promising strategy to mitigate 
IBD risks. VK plays a role in regulating intestinal microbiota, antioxidant function, and reducing inflammation by 
modulating the interaction between gut microbiota and the immune system. Although VK is synthesized by gut 
bacteria, dietary intake is the main source of VK2 due to its low bioavailability.11 IBD patients often face 
malabsorption due to intestinal damage, leading to a deficiency of VK2 and exacerbating the condition. The 
effect of VK on the diversity of intestinal microbiota is significant. The reduced diversity of patients with VK 
deficiency highlights the role of vitamins in intestinal health and their potential as effective IBD treatments.79

Type 1 Diabetes Mellitus (T1DM)
T1DM originates from autoimmune abnormality, which is characterized by autoimmune destruction of the insulin- 
producing beta cells. It has been demonstrated that VK1 treatment reduces oxidative stress, enhances antioxidants, 
and inhibits aldose reductase in T1DM. In addition, it also protects pancreatic endocrine cells, promotes increased 
insulin secretion and normal glucose levels, and improves glycated hemoglobin levels.80 Iwamoto et al81 reported 
that administration of VK2 to rats with STZ-induced T1DM prevented the development of hyperglycemia and 
cancellous osteopenia by inhibiting a decrease in bone formation, suggesting that VK2 has beneficial effects on 
glucose concentration and cancellous bone quality in T1DM.

Multiple Sclerosis (MS)
MS is a chronic autoimmune disease caused by abnormalities of the central nervous system (CNS) and is a major cause 
of neurological disorders in young people. MS is mainly caused by an immune complex response induced by 
oligodendrocytes, which leads to CNS plaques or lesions, progressive destruction of myelin sheaths, and interruption 
of nerve impulse transmission.82 The production of new myelin sheaths around the CNS can restore its function. 
A clinical study has shown VK2 levels in MS patients are significantly lower than in healthy controls.83 In an animal 
model of MS, VK2 has been proven to be a good promoter of myelin regeneration and is now one of the candidate drugs 
for MS treatment.84 The oxidative mechanism of injury plays an important role in neurological diseases, and VK1 and 
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VK2 (MK-4) protect oligodendrocytes from oxidative damage.85 Carrié et al86 reported that the concentration of MK-4 in 
the brain was significantly higher in myelinated regions than in nonmyelinated regions, suggesting that it was strongly 
associated with sphingomyelin. Taken together, VK1 and VK2 (MK-4) can effectively prevent MS or MS progression, 
and can be effectively used for the treatment of MS (Figure 2).

Rheumatoid Arthritis (RA)
RA is one of the most common chronic inflammatory autoimmune diseases, mainly manifested as progressive synovial 
inflammation of the joints, which symmetrically affects the small joints of the hands and feet.87 In severe cases, it can 
lead to joint deformities and even disability. Patients with RA experience a degree of damage to the blood system and 
multiple organs throughout the body,88 including systemic osteoporosis, neutropenia, and anaemia.89 RA is mainly 
caused by the infiltration of various inflammatory factors into the joints, leading to synovial hyperplasia and bone 
destruction. Research has shown that the proliferation of synovial cells in RA patients is as intense as that of tumor 
cells.87 Some studies have found that RA patients have lower levels of VK in serum and stool, which is negatively 
correlated with the clinical severity of the disease. In addition, it has been shown that VK plays a positive role in 
reducing RA activity and delaying RA’s onset and progression when taken orally.90 Moreover, RA also leads to 
a deficiency of VK-dependent coagulation factors, leading to acquired coagulation dysfunction. In this case, supplement-
ing with VK1 has a significant impact on coagulation dysfunction.91 An in vitro study reported that VK2 inhibited the 
proliferation of mitogen-activated peripheral blood mononuclear cells in RA patients, suggesting that VK2 supplementa-
tion may prevent and treat RA via its immunosuppressive function.92

Discussions
This article reviews the latest scientific evidence indicating that VK has a positive role in infections, inflammation, and 
autoimmune diseases, and it may become a therapeutic tool for practical clinical applications. Table 2 shows the clinical 
application of VK. The main mechanisms of action of VK in disease are anti-inflammatory and antioxidant. This review 
summarizes the positive effects of VK on prevalent diseases, including asthma, neurodegenerative diseases, aging, CVD 
and cancer, as well as metabolic disorders, T1DM and T2DM (Figure 3).

VK2 attenuates the inflammatory response and relieves asthma symptoms by inhibiting the release of inflammatory 
cytokines (IL-4, IL-13 and TGF-β, etc.). VK is associated with COVID-19 recovery, in which it effectively activates 
MGP activity, inhibits uc-duGMP levels, attenuates lung elastic fiber damage, and activates protein S. It has been proven 
to block the production of inflammatory cytokines and cytokine storms found in COVID-19 patients. In addition, VK 

Figure 2 Functional mechanism of vitamin K (VK) in MS. VK protects oligodendrocytes from oxidative damage, which leads to CNS plaques or lesions, progressive 
destruction of myelin sheaths, and interruption of nerve impulse transmission through an immune complex response.
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may regulate pancreatic β-cells and improve insulin sensitivity by blocking the signaling pathway of NF-κB, thereby 
maintaining glucose homeostasis and reducing the risk of diabetes. This review also illustrates the role of VK2 in the 
prevention and treatment of neurodegenerative diseases (AD and PD). VK2 regulates neuroinflammation by activating 
Gas-6 and protein S, protects neuronal cells in the hippocampus, and promotes myelin sheath formation, thereby 

Table 2 Summary of the Clinical Application of VK

Author, Year (Country) 
(Ref)

Participants, Age Design 
(Length)

Intervention Exposure Effect of Intervention on 
Illness

Shiraki et al 2000 Japan93 241 PMO 
67.2 y

Prospective 
2y

45 mg/d MK-4 
vs control

↓ ucOC 
↑cOC 

↓ fracture risk

Iwamoto et al 2001 Japan94 72 PMO 
65.3 y

Prospective 
2 y

45 mg/d MK-4 + Ca 
vs Ca

↓ vertebral fractures 
↑BMD (forearm)

Purwosunu et al 2006 
Indonesia95

63 PMO 
60.8 y

RCT 
48 w

45 mg/d MK-4 + Ca 
vs Ca

↓ ucOC 
↑BMD (lumbar)

Bolton-Smith et al 2007 UK96 244 Healthy W 
68.2 y

RCT 
2 y

200 μg/d VK1 +10 μg/d vitD3 
+ Ca 

vs placebo

↓ ucOC 
↑BMD (ultradistal radius)

Knapen et al 2007 
Netherlands97

325 PMW 
66.0 y

RCT 
3 y

45 mg/d MK-4 
vs placebo

↑BMC and bone strength(femoral 
neck)

Cheung et al 2008 Canada98 400 PMOa 
59.1 y

RCT 
2–4 y

5 mg/d VK1 
vs placebo

↓ fracture risk

Hirao et al 2008 Japan99 44 PMW 
68.4 y

Prospective 
1 y

45 mg/d VK2 +5mg/d 
alendronate 

vs 5 mg/d alendronate

↓ ucOC 
↓ ucOC: cOC 

↑BMD (femoral neck)

Tsugawa et al 2008 Japan100 379 W 
63.0 y

Prospective 
3 y

High VK1 
vs low VK1

↓ vertebral fracture risk

Je et al 2011 Korea101 78 PMW 
67.8 y

RCT 
6 mo

45 mg/d MK-4 + vitD + 
Ca 

vs vitD + Ca

↓ ucOC 
↑BMD (lumbar)

Knapen et al 2013 
Netherlands102

244 PMW 
60.0 y

RCT 
3 y

180 μg/d MK-7 
vs placebo

↓ ucOC 
↑BMD (lumbar spine, femoral 

neck), 
bone strength

Jiang et al 2014 China103 213 PMW 
64.4 y

RCT 
1 y

45 mg/d MK-4 + Ca 
vs Ca

↓ ucOC 
↑BMD (lumbar)

Rønn et al 2016 Denmark104 148 PMOa 
67.5 y

RCT 
1 y

375 μg/d MK-7 
vs placebo

↓ ucOC 
↓ ucOC: cOC 

↑bone structure (tibia)

Shea et al 2009 
USA105

388 (235:153) Healthy 
68 y

RCT 
3 y

500 μg/d VK1 
vs control

↓progression of CAC

Cheung et al 2015 USA106 3401 (2245:1156) CKD 
61.9 y

Follow-up  
13.3 y

↑ VK daily intake ↓ CVD mortality: HR = 0.78

Kurnatowska et al 2015 
Poland107

42 (20:22) Nondialyzed patients with 
CKD 
58 y

RCT 
270 days

90 μg/d MK-7 +10 μg/d vitD 
vs control

↑ CAC 
↓dp-ucMGP

Brandenburg et al 2017 
Germany108

99 (18:81) AVC 
69.1 y

RCT 
1 y

2 mg/d VK1 
vs.placebo

↓ progression of AVC (10.0% vs 
22.0%)

Shea et al 2020 
USA109

3891(2154:1737) 
65 ± 11 y

Follow-up 
13 y

↓ VK1 levels ↑ CVD risk: HR = 1.12 
↑ All-cause mortality

Yoshida et al 2008 USA25 2719 (1472:1247) healthy 
68 y

RCT 
36 mo

500 μg/d PK 
vs control

↓HOMA-IR and ↓plasma insulin 
for men 

↓ucOC for both men and women

Shea et al 2017 USA110 401 (237:164) older community-dwelling 
adults 
69±6 y

RCT 
3 y

500 μg/d VK (+Ca and vitD) 
vs control (Ca and vitD)

↓ ucOC

Knapen et al 2018 
Netherlands111

214 PMW 
60 y

RCT 
3 y

180 μg/d MK-7 vs placebo ↑ cOC 
↓ ucOC

Aguayo-Ruiz et al 2020 
Mexico112

40 (24:16) T2D 
56 y

RCT 
3 mo

(1) 100 μg/d K2 
(2) 100 μg/d K2+vit D3 

(3) vit D3

(1): ↓ glycemia; ↑ cOC 
(2): ↓ glycemia

Sakak et al 2020 Iran113 68 (42:26) T2D 
57.6 y

RCT 
12 w

360 μg MK-7 
vs placebo

↓ FPG 
↓ HbA1c 

↓ HOMA-IR vs baseline
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maintaining normal brain function and alleviating cognitive deficits in the brain. VK2 also serves as an electron carrier 
and a signaling pathway for mitochondrial defects to protect the nervous system. Studies have shown that VK can inhibit 
NF-κB activation and induce cancer cell apoptosis and cell cycle arrest. As a combination medication, it can also 
effectively inhibit cell proliferation, promote cancer cell apoptosis, and reduce cancer risk. Increasing VK intake can 
effectively reduce ucOC levels, promote bone renewal, enhance bone density, inhibit NF-κB activation and osteoclast 
synthesis, and stimulate osteoblast differentiation. Specifically, when combined with VD and calcium, VK2 inhibits 
SMAD signaling, further stimulating osteoblast formation and reducing bone loss. In addition, VK prevents vascular 
calcification by activating GMP, inhibits uc-duGMP production, reduces cardiovascular risk, morbidity and mortality, and 
improves atherosclerosis and arteriosclerosis. It also participates in the regeneration of myelin sheath and improves MS. 
VK alleviates IBD by regulating the interaction between the microbiota and the immune system, modulating the 
intestinal microbiota, and antioxidant and anti-inflammatory activity.

Conclusions and Future Perspective
Maintaining VK intake is critical for maintaining health during the disease management process. The potential effec-
tiveness of VK, especially VK2, in the treatment of infections, inflammation, and autoimmune diseases has been fully 
confirmed. However, the specific mechanisms of many diseases are still unclear, and elucidating the pathological 
mechanisms is the basis for exploring effective therapies. In addition, the recommended intake of VK still needs to be 
explored, and, as the bioavailability and biological activity of VK1, VK2, and VK3 are different, their role in disease 

Figure 3 The positive effects of vitamin K (VK) on infections (eg, asthma, COVID-19), inflammation (eg, in type 2 diabetes mellitus, Alzheimer’s disease, Parkinson’s disease, 
cancer, aging, atherosclerosis) and autoimmune disorders (eg, inflammatory bowel disease, type 1 diabetes mellitus, multiple sclerosis, rheumatoid arthritis).
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prevention and treatment needs to be further refined. Future research is therefore warranted to further explore this issue, 
and it is hoped that the positive roles of VK in disease prevention and treatment could be applied to practical clinical 
treatment as soon as possible.
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