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Vitamin K, a fat-soluble micronutrient traditionally recognized for its role

in blood coagulation, has increasingly been implicated as a micronutrient

with emerging roles in skeletal muscle health. Experimental and clinical

evidence now suggests that vitamin K influences skeletal muscle through

both γ-carboxylation–dependent pathways—mediated by osteocalcin, matrix

Gla protein (MGP), and growth arrest–specific 6 (Gas6)—and through

non-carboxylation mechanisms, including anti-inflammatory, antioxidant,

mitochondrial-regulatory, and ferroptosis-suppressing effects. Observational

studies associate higher vitamin K intake and status with greater muscle strength,

higher muscle mass, and better physical performance among older adults.

However, findings from randomized controlled trials (RCTs) remain inconclusive,

possibly due to differences in vitamin K isoforms, dosage, intervention duration,

and study populations. Beyond age-related sarcopenia, vitamin K may also

play a potentially protective role in muscle dysfunction associated with chronic

diseases, including dialysis-related cramps and metabolic disorders. This review

synthesizes recent mechanistic insights and clinical evidence, highlighting

vitamin K as a biologically plausible contributor that is supported primarily by

observational and mechanistic evidence for the prevention and management

of sarcopenia and other muscle-related disorders, though its role remains

incompletely validated.

KEYWORDS

anti-inflammatory, antioxidant, muscle, sarcopenia, vitamin K, vitamin K–dependent
proteins

1 Introduction

Sarcopenia, defined by the progressive decline of skeletal muscle mass, strength, and
performance, represents a major contributor to frailty, disability, and mortality in aging
populations (1–3). Its multifactorial pathogenesis involves inflammation, oxidative stress,
and mitochondrial dysfunction, which together pose significant challenges for prevention
and treatment (4–6). While exercise and protein intake remain the cornerstones of
sarcopenia management, effective pharmacological or nutraceutical interventions are still
lacking (7–9).
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Vitamin K, long regarded primarily as a cofactor for 
the γ-carboxylation of coagulation factors (10), is increasingly 
recognized as an micronutrient in musculoskeletal health (11, 
12). Mechanistic studies suggest that its biological eects are 
mediated primarily through carboxylation-dependent pathways 
(via osteocalcin, MGP, and Gas6) and secondarily through 
non-carboxylation mechanisms, including the regulation of 
inflammation, oxidative stress, mitochondrial homeostasis, and 
ferroptosis (10, 13). 

Epidemiological studies support this notion, reporting that 
higher vitamin K status is associated with better physical 
performance and lower risk of mobility limitation in older adults 
(14, 15). However, randomized controlled trials evaluating vitamin 
K supplementation have produced inconsistent results, likely 
due to heterogeneity in study design, intervention type, and 
target populations (11, 12). Importantly, emerging data suggest 
that vitamin K may also modulate muscle outcomes in chronic 
disease states such as dialysis-related muscle dysfunction (16, 17). 
Furthermore, in clinical studies, the dosages of vitamin K1 have 
ranged from 80 µg to 1 mg per day, while those of menaquinone-7 
(MK-7) have ranged from 61 µg to 375 µg daily; menaquinone-
4 (MK-4) has been administered at doses significantly exceeding 
typical dietary intake, with no reported adverse eects (18). 

Therefore, this review aims to systematically summarize the 
mechanistic insights and clinical advances of vitamin K in 
maintaining muscle health, focusing on its potential in sarcopenia 
and related myopathies. 

The literature discussed in this narrative review was identified 
through searches of PubMed, Web of Science, and Scopus using 
combinations of keywords related to vitamin K, skeletal muscle, 
sarcopenia, muscle metabolism, inflammation, and mitochondrial 
function. The primary focus was on peer-reviewed articles 
published within the past 10–15 years, with earlier seminal 
studies included when necessary to provide historical context and 
mechanistic foundations. No predefined inclusion or exclusion 
criteria or quantitative synthesis was applied, consistent with the 
narrative and integrative nature of this review. 

2 Vitamin K biology: types, 
distribution, and metabolism 
relevant to muscle health 

2.1 Types and sources 

Vitamin K comprises two primary natural isoforms: 
phylloquinone (vitamin K1) and menaquinones (vitamin K2, 
abbreviated as MK-n, where n represents the number of isoprene 
units). Among the 12 dierent types of MK (from MK-4 to 
MK-15), the most common types in the human body are short-
chain MK-4 (which can be produced through the conversion of 
phylloquinone) and long-chain MKs, namely MK-7 to MK-10 (19, 
20). Phylloquinone is abundant in green leafy vegetables such as 
spinach, kale, and broccoli, whereas menaquinones are synthesized 
by bacterial fermentation and found in foods such as natto, cheese, 
dairy, and meat products (13, 21). Among the menaquinones, MK-
4 represents the major tissue form in mammals. It is biosynthesized 

from dietary K1 or menadione (K3) via the UbiA-prenyltransferase 
domain-containing protein 1 (UBIAD1) enzyme pathway (22– 
24). Importantly, MK-4 functions as an electron carrier within 
mitochondria, supporting ATP generation and reducing reactive 
oxygen species (ROS) (25). Compared with vitamin K1, vitamin 
K2—particularly the long-chain menaquinones such as MK-
7—exhibits higher bioavailability and a longer plasma half-life, 
allowing it to accumulate preferentially in extrahepatic skeletal 
muscle and bone (21). These pharmacokinetic distinctions suggest 
that dierent vitamin K isoforms may exert tissue-specific eects, 
particularly in muscle metabolism and mitochondrial function. 

2.2 Absorption, tissue distribution and 
metabolic conversion 

Phylloquinone is absorbed in the jejunum and ileum, while 
menaquinone is absorbed from the distal intestine (26, 27). 
The distribution and transport of vitamin K are mediated by 
lipoproteins. Therefore, low-fat diets, fat-blocking supplements, 
antibiotic use, or bile acid sequestrants may hinder the absorption 
of vitamin K (28, 29). Vitamin K1 is preferentially retained in 
the liver, where it participates in the carboxylation of coagulation 
factors. In contrast, vitamin K2, after being absorbed in the 
intestine, can eÿciently enter the bloodstream through enterocytes. 
This is due to the higher lipophilicity of long-chain menaquinones, 
which leads to their preferential transport via low-density 
lipoproteins (LDL) with a longer circulation time, thus enabling 
more eective redistribution from the liver to extrahepatic tissues 
compared to vitamin K1 (29, 30). Moreover, vitamin K1 is primarily 
associated with triglyceride-rich lipoproteins and is rapidly cleared 
by the liver (30). Collectively, these findings indicate that vitamin 
K is not limited to the regulation of coagulation functions in the 
liver. Its transformation and distribution in extrahepatic tissues, 
especially the eÿcient absorption and transport mechanisms of 
vitamin K2, may be of great significance to muscle function 
and energy balance. 

2.3 Functional implications for muscle 

All vitamin K isoforms serve as cofactors for γ-glutamyl 
carboxylase (GGCX), enabling activation of vitamin K–dependent 
proteins (VKDPs) such as osteocalcin, MGP, and Gas6, which have 
been implicated in muscle regeneration, vascular perfusion, and 
mitochondrial homeostasis (11, 13, 21). Beyond carboxylation, 
vitamin K also exerts anti-inflammatory, antioxidant, and 
ferroptosis-suppressing eects in preclinical studies, thereby 
potentially supporting muscle mass and function in aging and 
disease (31–33). 

3 Mechanistic insights: vitamin K in 
muscle health 

Vitamin K may influence skeletal muscle through two 
complementary mechanisms: carboxylation-dependent pathways, 
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which regulate vitamin K–dependent proteins (VKDPs), 
and carboxylation-independent pathways, which modulate 
inflammation, oxidative stress, ferroptosis, mitochondrial function, 
metabolism, and calcium balance. These eects intersect with the 
major biological processes implicated in sarcopenia. 

3.1 Carboxylation-dependent pathways 

Vitamin K is a cofactor for γ-glutamyl carboxylase, which 
activates VKDPs. Several VKDPs play pivotal roles have been 
implicated in experimental models in muscle regeneration, vascular 
health, and mitochondrial activation process of these VKDPs 
and their functional relevance to muscle health are visualized in 
Figure 1. 

3.1.1 Osteocalcin 

Osteocalcin, a key VKDP secreted by osteoblasts, functions as 
a hormone and exerts significant regulatory eects during muscle 
regeneration and functional recovery (34). Research utilizing a 
muscle injury model in aged mice has revealed that osteocalcin 
is associated with enhanced muscle fiber regeneration, reduced 
fibrosis in injured muscle tissue, and improved muscle contraction 
strength and endurance (34). Mechanistically, osteocalcin activates 
the G protein-coupled receptor class C group 6 member A 
(GPRC6A) receptor on muscle cell membranes, which in turn 
promotes the proliferation and dierentiation of muscle stem cells 
and increases the expression of myogenesis-related genes [such as 
myosin heavy chain (MyHC)]. This process may facilitate muscle 
fiber regeneration and maturation (34). Additionally, osteocalcin 
has been reported to attenuate the inflammatory response after 
muscle injury by reducing inflammatory cell infiltration, thereby 
improving the inflammatory microenvironment of muscle tissue 
and further decreasing fibrosis (34). 

Beyond its potential role in muscle regeneration, osteocalcin 
functions as a key regulator of intracellular energy homeostasis. 
It has been shown to enhance glucose uptake by muscle cells, 
improve insulin sensitivity, and modulate energy metabolism 
pathways. By boosting mitochondrial activity and increasing energy 
production, osteocalcin may contribute to energy expenditure, 
ultimately supporting muscle endurance and exercise capacity (35, 
36). Furthermore, research using the Ocn−/− mouse model has 
found that osteocalcin deficiency leads to impaired glucose uptake 
in skeletal muscle, a phenotype that can be reversed by exogenous 
osteocalcin supplementation (35). Collectively, these findings 
suggest that this skeletal-derived hormone-mediated bone-muscle 
interaction may contribute to the maintenance of the quality and 
function of adult and aged skeletal muscle, and its deficiency 
may predispose to age-related muscle loss (37). However, direct 
demonstration of these eects in human skeletal muscle is limited. 

3.1.2 Matrix Gla protein (MGP) 

MGP may influence muscle health indirectly by preventing 
vascular calcification and maintaining blood flow. Elevated 
dephospho-uncarboxylated MGP (dp-ucMGP), reflecting poor 
vitamin K status, is associated with lower skeletal muscle mass 
index and reduced physical performance (38). MGP inactivation 

has been linked in experimental models to peripheral artery 
disease (PAD), leading to ischemic muscle injury characterized by 
increased apoptosis, fibrosis, iron deposition, and impaired satellite 
cell dierentiation (39). 

Mechanistically, MGP inhibits vascular calcification by binding 
to bone morphogenetic protein-2 (BMP-2), blocking pathological 
calcium deposition (40–43). MGP also regulates angiogenesis 
by controlling the expression of Vascular Endothelial Growth 
Factor A (VEGF-A) and its receptor vascular endothelial growth 
factor receptor 2 (VEGFR2), thereby maintaining normal vascular 
formation (44, 45). Defective activation of MGP due to vitamin K 
deficiency may contribute to peripheral vascular disease and tissue 
ischemia, thereby accelerating muscle atrophy and sarcopenia (38). 
Thus, patients undergoing long-term treatment with vitamin K 
antagonists (e.g., warfarin) face an increased risk of systemic 
vascular calcification due to the inhibition of MGP (46), and may 
plausibly experience downstream muscle functional consequences, 
although direct causal evidence in humans is limited. 

3.1.3 Growth arrest–specific protein 6 (Gas6) 

Gas6, a VKDP secreted by vascular smooth muscle cells, signals 
via family receptors TAM (Tyro3, Axl, Mer) with Axl, being 
prominently expressed in skeletal muscle (47, 48). Activation of the 
Gas6/Axl signaling axis has been shown in experimental systems 
to suppress pro-inflammatory pathways, preserve mitochondrial 
function, and reduce oxidative stress—key for muscle cell 
homeostasis (49–51). 

In skeletal muscle, Gas6/Axl signaling stimulates the mitogen-
activated protein kinase (MAPK)/extracellular signal-regulated 
kinase 1/2 (ERK1/2) pathway (involved in proliferation) and 
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) 
pathway (involved in survival) cascades in preclinical models, 
promoting cell proliferation and survival (49, 50). Additionally, by 
activating the Gas6/Axl signaling axis, Gas6 inhibits the activity 
of the Wnt/β-catenin signaling pathway, thereby preventing the 
premature dierentiation of muscle satellite cells into fibroblast 
lineages and consequently avoiding the depletion of the satellite 
cell pool and the reduction of muscle regeneration capacity (48, 
52–54). Furthermore, sirtuin 1 (SIRT1), a downstream component 
of Gas6/Axl signaling, enhances mitochondrial respiration for 
energy production and suppresses muscle protein breakdown 
via the ubiquitin-proteasome system (47, 55). While these 
pathways provide biological plausibility, their contribution to 
human sarcopenia remains largely inferential and requires 
further validation. 

3.2 Carboxylation-independent pathways 

Beyond its enzymatic role in VKDP activation, vitamin K 
has been reported to exerts pleiotropic actions through non-
carboxylation mechanisms in preclinical studies, influencing 
inflammation, oxidative stress, ferroptosis, metabolism, and 
mitochondrial function. 

3.2.1 Anti-inflammatory effects 

Chronic inflammation is a key mechanism underlying the 
development and progression of sarcopenia (56–58). Inflammatory 
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FIGURE 1 

Vitamin K affects muscle health through vitamin K-dependent carboxylated proteins. OCN, osteocalcin; GPRC6A, G protein-coupled receptor class 
C group 6 member A; MyHC, myosin heavy chain; MGP, matrix Gla protein; BMP-2, bone morphogenetic protein 2; VEGFR-2, vascular endothelial 
growth factor receptor 2; Gas6, growth arrest–specific 6; SIRT1, sirtuin 1; Wnt/β-catenin, Wnt/beta-catenin signaling pathway; MAPK/ERK1/2, 
mitogen-activated protein kinase/extracellular signal-regulated kinase 1/2; PI3K/Akt, phosphatidylinositol 3-kinase/protein kinase B; VSMCs, vascular 
smooth muscle cells; UPS, ubiquitin-proteasome system. This figure was created with BioRender.com. 

stimulation alters the microenvironment of skeletal muscle cells: 
pro-inflammatory cytokines activate signaling pathways such as 
nuclear factor-κB (NF)-κB, Janus kinase/signal transducer and 
activator of transcription (JAK/STAT), p38 mitogen-activated 
protein kinase (p38MAPK), and the ubiquitin-proteasome system 
(UPS). These activations disrupt the balance between protein 
synthesis and degradation in skeletal muscle, enhance proteolysis, 
and inhibit protein synthesis, ultimately leading to skeletal muscle 
atrophy (56, 59, 60). 

Vitamin K (particularly MK-4) has been reported to inhibit 
nuclear factor κB (NF-κB) activation by blocking inhibitor of 
κB kinase α/β (IKKα/β) phosphorylation, thereby suppressing 
interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and 
interleukin-1β (IL-1β) production (13, 61, 62). Further studies 
indicate that vitamin K2 also enhances its anti-inflammatory 
eects by inhibiting MAPK/NF-κB pathway activation triggered by 
downregulation of intracellular GPX4 expression (63). Consistent 
with these mechanisms, observational studies indicate that 
higher vitamin K levels are significantly associated with reduced 
systemic inflammation (64), animal studies further confirm that 
vitamin K supplementation alleviates LPS-induced muscle injury 
by reducing cytokine release and restoring muscle mass (31, 
65). Therefore, vitamin K may attenuate chronic inflammation-
associated dysregulation of skeletal muscle protein metabolism 
through multi-targeted inhibition of key inflammatory signaling 

pathways such as NF-κB and reduction of pro-inflammatory 
cytokine release, suggesting its potential role in the prevention and 
management of sarcopenia. 

3.2.2 Antioxidant and ferroptosis inhibition 

Ferroptosis, an iron-dependent form of cell death marked by 
lipid peroxidation and ROS accumulation, has been implicated in 
the pathogenesis of multiple muscle-related disorders, including 
sarcopenia, cardiomyopathy, and amyotrophic lateral sclerosis 
(ALS) (66, 67). Additionally, ferroptosis increasingly is recognized 
as a potential contributor to age-related muscle loss (68, 69). 

Vitamin K1 has been reported to attenuate ferroptosis-related 
oxidative injury in experimental systems by enhancing antioxidant 
enzymes superoxide dismutase (SOD), glutathione reductase (GR), 
while reducing the lipid peroxidation product malondialdehyde 
(MDA) (31). Similarly, vitamin K2 (MK-4) has been shown in 
preclinical models to reduce ferroptosis markers by upregulating 
glutathione peroxidase 4 (GPX4), a key enzyme that prevents lipid 
peroxidation and ferroptotic cell death, while also decreasing iron 
levels and the oxidative stress markers MDA (70, 71). The active 
reduced form of vitamin K is vitamin K dihydroquinone (VKH2), 
which is produced by the action of vitamin K epoxide reductase 
complex subunit 1-like 1 (VKORC1L1) and exhibits measurable 
antioxidant capacity independent of the glutathione (GSH)/GPX4 
pathway. By directly scavenging ROS and maintaining iron 
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metabolic balance, vitamin K hydroquinone may inhibit ferroptosis 
and protect muscle tissue from oxidative stress-induced damage 
(71, 72). Vitamin K has also been shown protects mitochondria by 
reducing ROS, maintaining membrane potential, and preventing 
fragmentation in preclinical studies, thereby potentially improving 
energy metabolism and reducing ferroptotic damage (25, 73, 74). 
Taken together, the antioxidant eect of vitamin K is one of 
the core mechanisms underlying its inhibition of ferroptosis— 
acting through two complementary pathways: it directly scavenges 
reactive oxygen species (ROS) and maintains iron metabolic 
balance via its active form vitamin K dihydroquinone (VKH2), 
while also upregulating the activity of antioxidant enzymes and 
reducing lipid peroxidation to further decrease ROS production. 
These dual pathways suppress oxidative stress and ultimately 
attenuate the ferroptosis process. These multiple regulatory 
mechanisms of vitamin K in ferroptosis -related pathways are 
summarized in Figure 2. Importantly, the majority of this evidence 
is derived from cell culture and animal studies, and direct validation 
in human skeletal muscle tissue remains lacking. 

In addition to direct antioxidant eects, vitamin K influences 
cellular signaling pathways associated with ferroptosis. For 
instance, on the one hand, vitamin K can reduce the production 
of ROS induced by ferroptosis in experimental systems, thereby 
inhibiting the activation of the MAPK cascade by ROS at the source 
(an indirect mechanism) (75); on the other hand, preliminary 
studies suggest that it may exert direct regulatory eects—for 
instance, vitamin K2 inhibits the phosphorylation activity of key 
kinases in the MAPK pathway (e.g., p38) (70), and excessive 
activation of MAPK further drives the nuclear translocation of 
NF-κB (a pathway that promotes apoptosis and muscle damage) 
(76–80). Meanwhile, vitamin K2 can directly target IKKα/β, an 
upstream regulator of NF-κB, inhibiting its phosphorylation to 
block the degradation of Inhibitor of nuclear factor kappa-B 
alpha9 (IκBα), thereby reducing the activation and transcriptional 
function of NF-κB (61, 81). On this basis, vitamin K2 may 
upregulate the transcriptional expression of glutathione peroxidase 
4 (GPX4) and downregulate the protein level of the pro-oxidant 
protein heme oxygenase-1 (HO-1) by reducing NF-κB activation, 
further mitigating iron-mediated oxidative stress (82, 83). This 
dual inhibitory eect—“direct regulation of key MAPK/NF-κB 
molecules + indirect blocking of ROS signaling”—subsequently 
relieves the inhibition of the nuclear factor erythroid 2-related 
factor 2 (Nrf2) pathway and promotes its activation (63, 70, 84, 85). 

Furthermore, as a transcription factor, Nrf2, which not only 
regulates the glutathione antioxidant system but also modulates 
the thioredoxin antioxidant system, plays a crucial role in cellular 
defense against exogenous toxins and oxidative stress (85). The 
thioredoxin antioxidant system, through its thioredoxin (Trx)– 
mediated antioxidant function, directly inhibits the activity of 
forkhead box O1 (FOXO1), thereby reducing its transcriptional 
activation of the thioredoxin-interacting protein (TXNIP) gene. 
This cascade ultimately decreases TXNIP expression levels and 
diminishes TXNIP’s inhibitory eect on glutathione metabolism, 
thereby potentially ameliorating ferroptosis in skeletal muscle 
satellite cells (86). Together, these preclinical mechanisms suggest 
that vitamin K may function as a modulator of ferroptosis, 
mitigating oxidative damage and preserving muscle integrity, and 
signaling interactions are also summarized in Figure 2. However, 
whether such pathways are suÿciently engaged in vivo in human 

skeletal muscle to influence clinical sarcopenia outcomes remains 
uncertain. 

3.2.3 Metabolic regulation and muscle growth 

Vitamin K has been proposed to influence muscle metabolism 
and anabolic signaling in experimental studies. Emerging evidence 
highlights its significance in modulating key signaling pathways, 
improving glucose metabolism, reducing muscle atrophy, and 
enhancing mitochondrial function. The specific roles of vitamin 
K in these processes and their associated molecular targets are 
presented in Figure 3. 

Vitamin K1 has been shown in preclinical models to activate 
the PI3K/Akt/mTOR and SIRT1 signaling pathways, promoting 
protein synthesis, glucose uptake, and mitochondrial biogenesis 
(31, 65), vitamin K1 also regulates muscle protein degradation 
by downregulating atrophic markers such as muscle RING-finger 
protein-1 (MuRF-1) and muscle atrophy F-box (MAFbx, also 
known as atrogin-1) via the SIRT1/NF-κB pathway—both of which 
are significantly elevated during muscle atrophy (31, 87, 88). SIRT1, 
a deacetylase involved in the regulation of inflammatory responses, 
apoptosis, and energy metabolism, can antagonize NF-κB-induced 
inflammatory responses, with NF-κB being a key switch in the 
inflammatory response (89, 90). Furthermore, the activation of 
the SIRT1 signaling pathways by vitamin K1 not only reduces the 
expression of inflammatory cytokines associated with this pathway 
but also overcomes the inhibition of the PI3K/Akt/mTOR pathway 
by inflammatory cytokines, thereby helping to counteract the 
inhibitory eect of inflammation on muscle protein synthesis (31, 
65, 91). Moreover, SIRT1 can also inhibit the ubiquitin-proteasome 
system, reducing muscle protein degradation. This dual regulation 
of synthesis and degradation is crucial for maintaining muscle 
mass, especially in catabolic states such as cachexia (13, 73). 
Nonetheless, these findings should be interpreted as mechanistic 
plausibility rather than direct evidence of clinical eÿcacy. 

In models of insulin resistance, vitamin K1 enhances glucose 
transporter type 4 (GLUT4) translocation through carboxylated 
Gas6/Axl/PI3K/Akt signaling, improving glucose metabolism and 
muscle anabolism (92). Additionally, vitamin K may reduce protein 
O-GlcNAcylation by inhibiting O-GlcNAc transferase (OGT) and 
activating O-GlcNAcase (OGA); this reduction in modification 
levels relieves the inhibitory eect of O-GlcNAcylation on the 
PI3K/Akt/GLUT4 pathway, thereby restoring the expression and 
function of PI3K, Akt, and GLUT4, and enhancing the pathway’s 
glucose uptake capacity (92). Collectively, these metabolic eects 
suggest that vitamin K supports anabolic processes and suppresses 
muscle breakdown, linking it to a potential mechanistic link with 
sarcopenia-related metabolic dysregulation. 

Zhang et al. (54) found that vitamin K2 could increase skeletal 
muscle mass, reduce fat accumulation, and also lower glucolipid 
metabolism parameters, including blood glucose (p < 0.01), 
glycated hemoglobin (HbA1c), the homeostasis model assessment 
of insulin resistance (HOMA-IR, p < 0.01), and serum lipid 
levels. Vitamin K2 targets through cellular communication network 
factor 2 (Ccn2), promoting the phosphorylation of proteins in the 
focal adhesion kinase (FAK)–Akt–mTOR–p70 ribosomal S6 kinase 
(p70S6K) pathway, which enhances protein synthesis, increases 
myotube diameter, and enlarges skeletal muscle fibers. This plays a 
crucial role in maintaining the balance between protein synthesis 
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FIGURE 2 

Vitamin K exerts pleiotropic effects through direct antioxidant, anti-inflammatory, ferroptosis-suppressing on muscle cells. Red solid lines indicate 
upregulation/promotion; yellow solid lines with a terminal bar indicate inhibition; yellow dashed lines with a terminal bar indicate attenuation of 
inhibition, and black dashed lines indicate reduction/decrease. VK, vitamin K; VKORC1L1, vitamin K epoxide reductase complex subunit 1 like 1; 
VKH2 , vitamin K hydroquinone; SOD, superoxide dismutase; GR, glutathione reductase; GPX4, glutathione peroxidase 4; GSH, glutathione; MDA, 
malondialdehyde; ROS, reactive oxygen species; MAPK, mitogen-activated protein kinase; NF-κB, nuclear factor kappa B; Nrf2, nuclear factor 
erythroid 2-related factor 2; HO-1, heme oxygenase-1; TRX, thioredoxin; TXNIP, thioredoxin-interacting protein; FOXO1, forkhead box O1; ETC, 
electron transport chain. This figure was created with BioRender.com. 

and degradation in skeletal muscle (54, 93, 94). Furthermore, 
vitamin K2 has been shown to upregulates slow-twitch muscle fiber 
genes (such as Myh7) while downregulating fast-twitch muscle fiber 
genes (such as Myh4) (73). 

Mitochondrial dysfunction is a significant contributor 
to reduced muscle mass and contractility. Both vitamin K1 
and vitamin K2 have been shown to play important roles in 
mitochondrial health in preclinical studies by upregulating 
SIRT1 protein expression, improving mitochondrial oxidative 
metabolism, and promoting the formation of slow-twitch 
(type I) muscle fibers, which are associated with enhanced 
oxidative capacity and endurance (11, 73, 93). SIRT1 activation 
enhances mitochondrial biogenesis by upregulating genes such as 
peroxisome proliferator-activated receptor-γ coactivator-1α (PGC-
1α), nuclear respiratory factor-1 (NRF-1), and mitochondrial 
transcription factor A (TFAM), while also reducing ROS through 
antioxidant defenses, enhancing fat metabolism, and regulating 

mitochondrial respiration to optimize energy harvesting (55, 95). 
Vitamin K2 functions as an electron carrier in mitochondria, 
improving the eÿciency of ATP production and reducing ROS 
accumulation. It also improves mitochondrial dysfunction and 
mitochondrial antioxidant defenses by activating the SIRT1/SIRT3 
signaling pathway (73). 

3.3 Calcium homeostasis regulation 

Calcium ions (Ca2+) play pivotal roles in skeletal muscle, 
and maintaining their homeostasis is essential for normal 
muscle contraction, protein synthesis and degradation, fiber type 
transformation, and mitochondrial function (96). Dysregulation 
of calcium homeostasis is a common pathophysiological 
feature of multiple muscle diseases, including hypotonia, 
myopathy, muscular dystrophy, cachexia, and sarcopenia 
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FIGURE 3 

Vitamin K promotes muscle growth and regulates muscle cell metabolic function (see Figure 2). VK1, vitamin K1; VK2, vitamin K2; AXL, AXL receptor 
tyrosine; cGas6, carboxylated growth arrest–specific 6; PI3K, phosphatidylinositol 3-kinase; AKT, protein kinase B; mTOR, mammalian target of 
rapamycin; OGT, O-GlcNAc transferase; OGA, O-GlcNAcase; GLUT4, glucose transporter 4; SIRT1, silent information regulator 1; SIRT3, silent 
information regulator 3; NF-κB, nuclear factor kappa B; SOD2, superoxide dismutase 2; ROS, reactive oxygen species; Ccn2, connective tissue 
growth factor; FAK, focal adhesion kinase; P70S6K, p70 ribosomal S6 kinase; MuRF-1, muscle RING-finger protein 1; MAFbx, muscle atrophy F-box 
protein; PGC-1α, peroxisome proliferator-activated receptor-γ coactivator-1α; NRF-1, nuclear respiratory factor-1; TFAM, mitochondrial 
transcription factor A; MyH7, myosin heavy chain 7; MyH4, myosin heavy chain 4; IR, insulin resistance. This figure was created with BioRender.com. 

(97). Excessive intracellular calcium accumulation can result 
in mitochondrial calcium overload, leading to increasing ROS 
production, damaging mitochondrial membranes, inhibiting ATP 
synthesis, and ultimately causing cellular energy metabolism 
disorders—weakening muscle endurance and strength (97). 

Clinical evidence supports a potential role for vitamin K2 
(MK-7) in regulating intracellular calcium homeostasis in skeletal 
muscle. A randomized clinical trial showed that vitamin K2 
supplementation significantly reduced the frequency, intensity, 
and duration of nocturnal leg cramps in elderly populations (98). 
Another double-blind trial found that MK-7 supplementation 
decreased the frequency and severity of muscle cramps in 
hemodialysis patients (16). 

Animal studies on vitamin K3 intervention revealed it reduces 
intracellular calcium concentrations and weakens smooth muscle 
contraction by interfering with calcium transport—specifically 
inhibiting calcium influx and sarcoplasmic reticulum calcium 
release (99, 100). This provides additional evidence for vitamin K’s 
role in regulating calcium homeostasis and muscle function. 

Notably, vitamin K-dependent processes may also impact 
muscle calcium regulation indirectly. In insulin-resistant mouse 
models, VKDC regulates β-cell Ca2+ flux, with γ-carboxylated 
ERGP (a vitamin K-dependent protein) suppressing store-operated 

calcium entry (SOCE) by reducing stromal interaction molecule 1 
(STIM1)/Orai1 puncta formation (88, 101). 

4 Vitamin K in muscle-related 
diseases 

4.1 Sarcopenia 

Sarcopenia, an age-related syndrome marked by the 
progressive decline in skeletal muscle mass, strength, and 
function, substantially impairs the quality of life in older adults. It 
contributes to frailty, mobility impairments, falls, fractures, and 
increased mortality, while also elevating healthcare costs (1–3). The 
underlying mechanisms of sarcopenia include genomic instability, 
telomere attrition, epigenetic dysregulation, and cellular senescence 
(6). Importantly, sarcopenia is not a single uniform outcome but 
a multidimensional clinical entity encompassing muscle quantity 
(mass), muscle strength, physical performance, and patient-
relevant functional symptoms, and evidence for vitamin K may 
dier substantially across these domains. Accumulating evidence 
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links low vitamin K status to increased muscle loss and functional 
decline, highlighting its potential role in combating sarcopenia 
(14, 102–104). Higher dietary vitamin K intake (70–100 µg/day) 
is associated with greater lean mass, improved strength, and 
reduced fall risk (15, 105). However, observational studies have 
most consistently reported associations with physical performance 
measures, grip strength, and fall-related outcomes (15, 102, 104), 
whereas associations with muscle mass have been more variable 
depending on assessment method, population characteristics, 
and adjustment for confounding factors. Therefore, observational 
evidence suggests that vitamin K status may be more strongly 
linked to functional performance and frailty-related outcomes than 
to muscle quantity alone. 

In light of the mechanistic evidence discussed earlier, vitamin 
K may demonstrate the potential to mitigate sarcopenia through 
its antioxidant, anti-inflammatory, ferroptosis-modulating, and 
mitochondrial-supportive eects. These mechanisms provide 
biological plausibility for a role of vitamin K in sarcopenia-
related pathways. However, mechanistic plausibility should not 
be interpreted as proof of uniform clinical benefit across 
all sarcopenia components. Interventional evidence remains 
limited. To date, randomized controlled trials have more 
frequently demonstrated potential benefits in selected symptom-
based outcomes, particularly muscle cramps and related functional 
discomfort, while eects on sarcopenia defining endpoints such 
as muscle mass, strength, and physical performance have been 
inconsistent. Future research should, on one hand, explore the 
molecular mechanisms underlying its actions and validate its 
clinical applications in sarcopenia management. on the other 
hand, clinical trials should clearly distinguish primary endpoints 
across sarcopenia domains (mass, strength, performance, falls, and 
symptom-based outcomes), apply standardized diagnostic criteria, 
and stratify participants by baseline vitamin K status to determine 
which components of sarcopenia are most responsive to vitamin 
K interventions. 

4.2 X-linked myotubular myopathy 
(XLMTM) 

X-linked myotubular myopathy (XLMTM) is caused by 
mutations in the MTM1 gene, which encodes myotubularin—a 
phosphatase that dephosphorylates phosphoinositides, particularly 
phosphatidylinositol 3-phosphate (PI3P) and phosphatidylinositol 
3,5-bisphosphate (PI3,5P2) (106, 107). These mutations lead to 
uncontrolled activity of vacuolar protein sorting 34 (VPS34) kinase, 
resulting in excessive PI(3)P production that hinders normal 
muscle development (108). 

Notably, a synthetic vitamin K derivative, menadione sodium 
bisulfite (MSB), has been shown to inhibit VPS34 kinase— 
a key regulator of PI(3)P accumulation in XLMTM (108). By 
inhibiting and inactivating VPS34, MSB reduces PI(3)P levels, 
allowing muscles to resume normal growth (108). In an XLMTM 
animal model (Mtm1 knockout mice), MSB administration via 
drinking water significantly prolonged survival, increased body 
weight, enhanced muscle strength, and improved muscle histology 
(larger fibers, fewer abnormal mitochondria, corrected nuclear 
positioning) (108). These preclinical findings suggest a potential 
therapeutic avenue for XLMTM, though further experimental and 
clinical studies are needed to verify MSB’s potential and safety. 

5 Clinical studies and nutritional 
interventions 

5.1 Observational studies 

Multiple clinical observational studies have demonstrated a 
significant association between vitamin K levels and physical 
function. A study involving 1,089 community-dwelling older 
adults (mean age 74 years) found that higher plasma vitamin K1 
concentrations were significantly associated with better scores on 
the Short Physical Performance Battery (SPPB), suggesting that 
vitamin K1 may be positively correlated with maintaining physical 
function in older adults (104). 

Research by Sim et al. (15) further confirmed the link between 
dietary vitamin K intake, physical function, and fall risk in older 
women. In a long-term follow-up of 1,347 Australian women 
aged ≥ 70 years, those with higher vitamin K1 intake performed 
better in muscle function tests (grip strength and Timed Up 
and Go test) and had a 16% to 26% lower risk of fall-related 
hospitalizations. The risk of fall-related hospitalization plateaued at 
a vitamin K1 intake of approximately 100 µg/d, with associations 
stabilizing at 70–100 µg/d after multivariate adjustment (15). 

Another study of 633 community-dwelling adults aged 55– 
65 years found that higher vitamin K status was associated with 
better physical function in women, as assessed by walking tests, 
chair rise tests, and dressing time (102). Additionally, regardless of 
sex, stronger grip strength and larger calf circumference correlated 
with higher vitamin K status (105). 

Moreover, a study of 155 hypertensive adults (mean age 
62.4 years) revealed that dp-ucMGP was not only associated 
with increased large artery stiness, but also showed an inverse 
correlation with axial muscle mass—elevated dp-ucMGP levels 
were accompanied by decreased axial muscle mass. Given that dp-
ucMGP levels rise in the setting of vitamin K deficiency, these 
findings suggest that vitamin K may be associated with a favorable 
relationship with muscle mass in hypertensive populations (38). 

Wang et al. (12) analyzed data from the National Health and 
Nutrition Examination Survey (NHANES, 2011–2018) involving 
11,189 participants to explore the relationship between dietary 
vitamin K intake and skeletal muscle mass. The study found that 
dietary vitamin K intake was positively correlated with skeletal 
muscle mass in men (but not in women) and with grip strength 
within the range of 0–59.871 µg/day. Beyond this threshold, 
increased vitamin K intake did not yield additional associations in 
grip strength. Subgroup analysis indicated that among adults aged 
18–44 years, muscle mass and strength were significantly associated 
with dietary vitamin K intake (12). 

5.2 Randomized controlled trials 

In contrast to observational associations, randomized evidence 
remains limited and heterogeneous. Findings from randomized 
controlled trials (RCTs) evaluating the eects of vitamin K 
supplementation on muscle health and physical function remain 
inconsistent. In a 6-month trial of vitamin K2 (90 µg/day) in 
102 patients with type 2 diabetes mellitus (T2DM) aged 50– 
80 years (HbA1c ≥ 6.5%), supplementation was found to be 
significantly associated with increases in skeletal muscle mass 
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TABLE 1 Observational studies and randomized controlled trials (RCTs) evaluating vitamin K and muscle outcomes. 

Study (year) Population (n) Design/duration Intervention Main outcomes 

Shea et al. (104) Community-dwelling older adults 
(n = 1,089, mean age 74, 67% 

female) 

Prospective cohort, 4–5 years Those with ≥ 1.0 nM plasma 

phylloquinone (the 

concentration achieved when 

recommended intakes are 

met) 

Higher plasma phylloquinone 

associated with better SPPB scores 
and 20-m gait speed (p < 0.05) 

van Ballegooijen et al. 
(102) 

Community-dwelling adults 
(n = 633, 55–65 years, 54% 

female) 

Cohort study, 13 years Mean dp-ucMGP was 
376 ± 233 pmol/L 

Low vitamin K status associated 

with lower handgrip strength and 

poorer functional performance in 

women 

Vidula et al. (38) Hypertensive adults (n = 155, 
mean age 62.4, 89.6% male) 

Cross-sectional – Dp-ucMGP levels negatively 

correlated with axial muscle mass 

Sim et al. (15) Community-dwelling older 

Australian women (n = 1,347, 
age ≥ 70) 

Cohort study, 14.5 years Vitamin K1 and K2, was 
83 ± 31 µg/d and 

38 ± 17 µg/d, respectively. 

Higher vitamin K1 intake 

associated with lower odds of slow 

muscle function (29%) and lower 

risk of fall-related hospitalization 

(26%) 

Wang et al. (12) (NHANES, 2011–2018) adults 
(n = 11,189) 

Cross-sectional, 8 years Dietary vitamin K intake Positive correlation with skeletal 
muscle mass in men; association 

with grip strength below 

∼60 µg/day 

Fulton et al. (111) Participants with vascular disease 

(n = 80, mean age 77, 44/80 male) 
RCT, 6 months 100 µg/day MK-7 No improvement in vascular 

health or physical function 

Shea et al. (103) Older community-dwelling adults 
(n = 401, mean age 69) 

RCT, 3 years 500 µg/day vitamin K1 No significant eects on lean 

tissue or fat gain 

Tarkesh et al. (109) PCOS women (n = 84, 
18–40 years) 

RCT, 8 weeks 90 µg/day Mk-7 Significant increase in skeletal 
muscle mass; decrease in waist 
circumference and fat mass 

Karamzad et al. (110) Adults with anti-T2DM therapy 

(n = 45, 20–55 years) 
RCT, 12 weeks 200 µg/day MK-7 No significant dierences in fat 

mass, muscle mass, or bone mass 

Zhang et al. (54) Adults with T2DM (n = 102, 
50–80 years, HbA1c ≥ 6.5%) 

RCT, 6 months 90 µg/day MK-7 Grip strength, skeletal muscle 

mass (SM), and skeletal muscle 

mass index (SMI) increased 

significantly 

(SM) and skeletal muscle index (SMI) compared to the placebo 
group, where these measures decreased (54). Similarly, an 8-
week study of vitamin K2 supplementation (90 µg/day) in 84 
young women aged 18–40 years with polycystic ovary syndrome 
(PCOS) showed a notable reduction in waist circumference and 
body fat mass, along with an association with increased in skeletal 
muscle mass (109). Conversely, a 12-week trial of vitamin K2 
(200 µg/day) in 45 patients with T2DM aged 20–55 years found 
no significant changes in body composition measures, including 
muscle mass, fat mass, or fat-free mass (110). Similarly, a 3-
year phylloquinone (vitamin K1) supplementation trial conducted 
in 401 older community-dwelling adults (mean age 69 years) 
found no significant impact on lean mass (defined as arm lean 
mass + leg lean mass) or fat mass (103). Additionally, a 6-month 
menaquinone-7 (MK-7, a form of vitamin K2) supplementation 
trial in 80 individuals (mean age 77) with a history of vascular 
disease did not result in associations in grip strength or SPPB 
scores (111). 

Observational studies consistently demonstrate a positive 
correlation between higher vitamin K levels and better physical 
function, particularly in older adults. However, evidence from 
RCTs on the eÿcacy of vitamin K supplementation remains 
inconclusive. An analysis of the design and implementation 

characteristics of existing studies reveals that such trials generally 

have certain limitations, specifically including small sample sizes, 
strong heterogeneity of study populations, inconsistent endpoints 
among dierent trials, and the lack of muscle-focused primary 

outcomes in most trials, which is also one of the important reasons 
for the inconsistency of research evidence. These inconsistencies of 
these research findings may also stem from variations in vitamin 

K dosage, form (K1 or K2), population heterogeneity, and study 

duration. Additionally, dierences in participants’ magnesium 

status may help explain such discrepancies—an issue that is 
particularly prominent in people with diabetes and older adults, 
as magnesium deficiency is more common in these groups (112). 
Furthermore, magnesium itself is involved in protein synthesis 
as well as muscle contraction and relaxation, suggesting it may 

play an indirect but significant role in vitamin K’s regulation of 
muscle health (113, 114). Further research is needed to clarify 

the specific mechanisms of action of vitamin K, determine its 
eects across various populations and supplementation regimens, 
and elucidate the potential interactive role of magnesium. This 
review encompasses observational clinical studies and randomized 

controlled trials, as listed in Table 1. 
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6 Conclusion 

In summary, vitamin K is increasingly recognized as a 
biologically plausible contributor of muscle health through a 
complex interplay of carboxylation-dependent and independent 
mechanisms. Its ability to modulate vitamin K-dependent 
proteins (osteocalcin, MGP, Gas6), suppress inflammation, 
counter oxidative stress, inhibit ferroptosis, regulate calcium 
homeostasis, and support mitochondrial function underscores 
its multifaceted role in preserving muscle mass, strength, and 
function. Clinical and epidemiological studies generally report that 
higher vitamin K intake and status correlate with better muscle 
strength, mass, and mobility, whereas deficiency is associated with 
frailty, sarcopenia, and physical decline. Notably, observational 
associations appear most consistent for functional outcomes 
such as physical performance, grip strength, and falls, while 
evidence linking vitamin K to muscle mass is more heterogeneous. 
Although randomized controlled trials (RCTs) have produced 
variable results, current RCT evidence remains limited and 
heterogeneous, with inconsistent eects on clinically meaningful 
muscle outcomes. Dierences in study design, vitamin K isoforms, 
baseline nutritional status, intervention duration, and endpoint 
selection likely contribute to the mixed findings. 

From a translational perspective, optimizing vitamin K 
status may represent a potentially supportive and adjunctive 
strategy within broader approaches to healthy aging and muscle 
preservation. However, routine vitamin K supplementation for 
the prevention or treatment of sarcopenia is not yet evidence-
based, as current interventional data are insuÿcient to establish 
consistent clinical benefit. At present, vitamin K should be viewed 
as a hypothesis-generating nutritional factor rather than a validated 
therapeutic target. Certain populations, including older adults 
and individuals with chronic diseases, may be at higher risk 
of suboptimal vitamin K status; nevertheless, whether targeted 
supplementation translates into meaningful improvements in 
sarcopenia-related outcomes remains uncertain. However, from 
the perspective of supplementation benefits and safety, while 
vitamin K1 and K2 are well-tolerated at standard doses, not 
only is evidence supporting additional health benefits beyond 
moderate intake controversial, but relevant long-term safety data 
are also relatively scarce. Therefore, clinical application should 
emphasize scientifically controlling supplementation doses based 
on individual health status and needs, while remaining vigilant 
against the potential interactions of multi-nutrient combinations. 
In addition, caution is warranted in individuals receiving 
vitamin K antagonists, where supplementation may have clinically 
relevant implications. 

Future research should emphasize well-controlled, large-scale 
clinical trials with uniform endpoints, alongside multi-omics and 
metabolic profiling, to define the dose–response relationship and 
isoform-specific actions of vitamin K in human muscle tissue, 
and also elucidate the potential interactive mechanisms between 
magnesium and vitamin K. In conclusion, vitamin K represents 
a promising nutritional target for preserving muscle health and 
promoting healthy aging. While further validation is required, 
accumulating mechanistic and clinical evidence suggests that 
optimizing vitamin K status, particularly in older adults and 

individuals with chronic diseases, may contribute as a potentially 
supportive component to strategies aimed at preventing sarcopenia 
and maintaining functional independence, pending confirmation 
in adequately powered randomized trials. 

Author contributions 

XR: Writing – review & editing, Writing – original draft. 
YJ: Writing – original draft, Investigation. LM: Writing – review 
& editing, Investigation. XC: Investigation, Writing – review 
& editing. DJ: Writing – review & editing, Investigation. XT: 
Writing – review & editing, Data curation. JT: Conceptualization, 
Supervision, Writing – review & editing. 

Funding 

The author(s) declared that financial support was received for 
this work and/or its publication. This research was funded by The 
Third People’s Hospital of Chengdu Scientific Research Project 
(2023PI05), Key Research and Development Project of Sichuan 
Provincial Science and Technology Plan Project (24DYF1223), and 
Chengdu Medical Research Project (202303042810). 

Conflict of interest 

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Generative AI statement 

The author(s) declared that generative AI was not used in the 
creation of this manuscript. 

Any alternative text (alt text) provided alongside figures in 
this article has been generated by Frontiers with the support of 
artificial intelligence and reasonable eorts have been made to 
ensure accuracy, including review by the authors wherever possible. 
If you identify any issues, please contact us. 

Publisher’s note 

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their aÿliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher. 

Frontiers in Nutrition 10 frontiersin.org 

https://doi.org/10.3389/fnut.2026.1726483
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-13-1726483 February 23, 2026 Time: 21:4 # 11

Ran et al. 10.3389/fnut.2026.1726483 

References 
1. Lee J, Hong Y, Shin H, Lee W. Associations of Sarcopenia and Sarcopenic obesity 
with metabolic syndrome considering both muscle mass and muscle strength. J Prev 
Med Public Health. (2016) 49:35–44. doi: 10.3961/jpmph.15.055 

2. Veronese N, Demurtas J, Soysal P, Smith L, Torbahn G, Schoene D, et al. Sarcopenia 
and health-related outcomes: an umbrella review of observational studies. Eur Geriatr 
Med. (2019) 10:853–62. doi: 10.1007/s41999-019-00233-w 

3. Smeuninx B, Elhassan Y, Sapey E, Rushton A, Morgan P, Korzepa M, et al. A single 
bout of prior resistance exercise attenuates muscle atrophy and declines in myofibrillar 
protein synthesis during bed-rest in older men. J Physiol. (2025) 603:87–105. doi: 
10.1113/JP285130 

4. López-Otín C, Blasco M, Partridge L, Serrano M, Kroemer G. Hallmarks of aging: 
an expanding universe. Cell. (2023) 186:243–78. doi: 10.1016/j.cell.2022.11.001 

5. Granic A, Suetterlin K, Shavlakadze T, Grounds M, Sayer A. Hallmarks of ageing 
in human skeletal muscle and implications for understanding the pathophysiology of 
sarcopenia in women and men. Clin Sci. (2023) 137:1721–51. doi: 10.1042/CS20230319 

6. Liu J, Dong S, Shen H, Yang D, Chen B, Ma X, et al. Multi-omics research in 
sarcopenia: current progress and future prospects. Ageing Res Rev. (2022) 76:101576. 
doi: 10.1016/j.arr.2022.101576 

7. Expert Consensus Working Group on Nutrition and Exercise Interventions for 
Sarcopenia in China,. Expert consensus on nutrition and exercise interventions for 
sarcopenia in China (2025). Acta Nutr Sin. (2025) 47:1–11. doi: 10.13325/j.cnki.acta. 
nutr.sin.2025.01.008 

8. Dent E, Morley J, Cruz-Jentoft A, Arai H, Kritchevsky S, Guralnik J, et al. 
International clinical practice guidelines for Sarcopenia (ICFSR): screening, diagnosis 
and management. Nutr Health Aging. (2018) 22:1148–61. doi: 10.1007/s12603-018-
1139-9 

9. De Spiegeleer A, Beckwée D, Bautmans I, Petrovic M. Pharmacological interventions 
to improve muscle mass, muscle strength and physical performance in older people: 
an umbrella review of systematic reviews and meta-analyses. Drugs Aging. (2018) 
35:719–34. doi: 10.1007/s40266-018-0566-y 

10. Hao Z, Jin D, Staord D, Tie J. Vitamin K-dependent carboxylation of coagulation 
factors: insights from a cell-based functional study. Haematologica. (2020) 105:2164– 
73. doi: 10.3324/haematol.2019.229047 

11. Alonso N, Meinitzer A, Fritz-Petrin E, Enko D, Herrmann M. Role of vitamin K 
in bone and muscle metabolism. Calcif Tissue Int. (2023) 112:178–96. doi: 10.1007/ 
s00223-022-00955-3 

12. Wang Q, Chen P, Guo J, Wang S, Bao Y, Zhang Y, et al. Dietary vitamin K intake 
in relation to skeletal muscle mass and strength among adults: a cross-sectional study 
based on NHANES. Front Nutr. (2024) 11:1378853. doi: 10.3389/fnut.2024.1378853 

13. Sadler R, Shoveller A, Shandilya U, Charchoglyan A, Wagter-Lesperance L, Bridle 
B, et al. Beyond the coagulation cascade: vitamin K and its multifaceted impact on 
human and domesticated animal health. Curr Issues Mol Biol. (2024) 46:7001–31. 
doi: 10.3390/cimb46070418 

14. Shea M, Kritchevsky S, Loeser R, Booth S. Vitamin K status and mobility limitation 
and disability in older adults: the health, aging, and body composition study. J Gerontol 
A Biol Sci Med Sci. (2020) 75:792–7. doi: 10.1093/gerona/glz108 

15. Sim M, Smith C, Bondonno N, Radavelli-Bagatini S, Blekkenhorst L, Dalla Via 
J, et al. Higher dietary vitamin K intake is associated with better physical function 
and lower long-term injurious falls risk in community-dwelling older women. J Nutr 
Health Aging. (2023) 27:38–45. doi: 10.1007/s12603-022-1866-9 

16. Xu D, Yang A, Ren R, Shan Z, Li Y, Tan J. Vitamin K2 as a potential therapeutic 
candidate for the prevention of muscle cramps in hemodialysis patients: a prospective 
multicenter, randomized, controlled, crossover pilot trial. Nutrition. (2022) 97:111608. 
doi: 10.1016/j.nut.2022.111608 

17. Lin Y, Hsu B. Vitamin K and vascular calcification in chronic kidney disease: an 
update of current evidence. Tzu Chi Med J. (2023) 35:44–50. doi: 10.4103/tcmj.tcmj_ 
100_22 

18. Huang Z, Wan S, Lu Y, Ning L, Liu C, Fan S. Does vitamin K2 play a role in 
the prevention and treatment of osteoporosis for postmenopausal women: a meta-
analysis of randomized controlled trials. Osteoporos Int. (2015) 26:1175–86. doi: 10. 
1007/s00198-014-2989-6 

19. Elshaikh A, Shah L, Joy Mathew C, Lee R, Jose M, Cancarevic I. Influence of 
vitamin K on bone mineral density and osteoporosis. Cureus. (2020) 12:e10816. doi: 
10.7759/cureus.10816 

20. Rusu M, Bigman G, Ryan A, Popa D. Investigating the eects and mechanisms of 
combined vitamin D and K supplementation in postmenopausal women: an up-to-
date comprehensive review of clinical studies. Nutrients. (2024) 16:2356. doi: 10.3390/ 
nu16142356 

21. Mladˇ enka P, Macáková K, Kujovská Krˇ cmová L, Javorská L, Mrštná K, Carazo A,
et al. Vitamin K - sources, physiological role, kinetics, deficiency, detection, therapeutic 
use, and toxicity. Nutr Rev. (2022) 80:677–98. doi: 10.1093/nutrit/nuab061 

22. Hirota Y, Tsugawa N, Nakagawa K, Suhara Y, Tanaka K, Uchino Y, et al. Menadione 
(vitamin K3) is a catabolic product of oral phylloquinone (vitamin K1) in the intestine 
and a circulating precursor of tissue menaquinone-4 (vitamin K2) in rats. J Biol Chem. 
(2013) 288:33071–80. doi: 10.1074/jbc.M113.477356 

23. Shearer M, Okano T. Key pathways and regulators of vitamin K function and 
intermediary metabolism. Annu Rev Nutr. (2018) 38:127–51. doi: 10.1146/annurev-
nutr-082117-051741 

24. Nakagawa K, Hirota Y, Sawada N, Yuge N, Watanabe M, Uchino Y, et al. 
Identification of UBIAD1 as a novel human menaquinone-4 biosynthetic enzyme. 
Nature. (2010) 468:117–21. doi: 10.1038/nature09464 

25. Vos M, Esposito G, Edirisinghe J, Vilain S, Haddad D, Slabbaert J, et al. Vitamin 
K2 is a mitochondrial electron carrier that rescues pink1 deficiency. Science. (2012) 
336:1306–10. doi: 10.1126/science.1218632 

26. Shearer M, Newman P. Metabolism and cell biology of vitamin K. Thromb 
Haemost. (2008) 100:530–47. doi: 10.1160/TH08-03-0147 

27. Dai L, Mafra D, Shiels P, Hackeng T, Stenvinkel P, Schurgers L. Vitamin K and 
hallmarks of ageing: focus on diet and gut microbiome. Nutrients. (2023) 15:2727. 
doi: 10.3390/nu15122727 

28. AlHajri L, Ayoub A, Ahmed H, AlMulla M. Eect of vitamin K2 alone or in 
combination on various bone turnover markers amongst postmenopausal females. J 
Bone Metab. (2021) 28:11–26. doi: 10.11005/jbm.2021.28.1.11 

29. Tan J, Li Y. Revisiting the interconnection between lipids and vitamin K 
metabolism: insights from recent research and potential therapeutic implications: a 
review. Nutr Metab. (2024) 21:6. doi: 10.1186/s12986-023-00779-4 

30. Schurgers L, Vermeer C. Dierential lipoprotein transport pathways of K-vitamins 
in healthy subjects. Biochim Biophys Acta. (2002) 1570:27–32. doi: 10.1016/s0304-
4165(02)00147-2 

31. Xiao Y, Feng J, Jia J, Li J, Zhou Y, Song Z, et al. Vitamin K1 ameliorates 
lipopolysaccharide-triggered skeletal muscle damage revealed by faecal bacteria 
transplantation. J Cachexia Sarcopenia Muscle. (2024) 15:81–97. doi: 10.1002/jcsm. 
13379 

32. Harshman S, Shea M. The role of vitamin K in chronic aging diseases: 
inflammation, cardiovascular disease, and osteoarthritis. Curr Nutr Rep. (2016) 5:90–8. 
doi: 10.1007/s13668-016-0162-x 

33. Li J, Lin J, Wang H, Peterson J, Furie B, Furie B, et al. Novel role of 
vitamin k in preventing oxidative injury to developing oligodendrocytes and 
neurons. J Neurosci. (2003) 23:5816–26. doi: 10.1523/JNEUROSCI.23-13-05816. 
2003 

34. Wang B, Chen Y, Hsiao A, Chen W, Lee C, Lee O. Ginkgolide B facilitates muscle 
regeneration via rejuvenating osteocalcin-mediated bone-to-muscle modulation in 
aged mice. J Cachexia Sarcopenia Muscle. (2023) 14:1349–64. doi: 10.1002/jcsm.1 
3228 

35. Lee N, Sowa H, Hinoi E, Ferron M, Ahn J, Confavreux C, et al. Endocrine regulation 
of energy metabolism by the skeleton. Cell. (2007) 130:456–69. doi: 10.1016/j.cell.2007. 
05.047 

36. Hatakeyama J, Inoue S, Jiang H, Yokoi R, Moriyama H. Exercise-induced 
interactions between skeletal muscle and bone via myokines and osteokine in mice: 
role of FNDC5/irisin, IGF-1, and osteocalcin. Bone. (2025) 190:117314. doi: 10.1016/j. 
bone.2024.117314 

37. Mera P, Laue K, Wei J, Berger J, Karsenty G. Osteocalcin is necessary and suÿcient 
to maintain muscle mass in older mice. Mol Metab. (2016) 5:1042–7. doi: 10.1016/j. 
molmet.2016.07.002 

38. Vidula M, Akers S, Ansari B, Kim J, Kumar A, Tamvada D, et al. Increased 
dephospho-uncarboxylated matrix gla-protein is associated with lower axial skeletal 
muscle mass in patients with hypertension. Am J Hypertens. (2022) 35:393–6. doi: 
10.1093/ajh/hpab190 

39. Vissers L, Dalmeijer G, Boer J, Verschuren W, van der Schouw Y, Beulens J. The 
relationship between vitamin K and peripheral arterial disease. Atherosclerosis. (2016) 
252:15–20. doi: 10.1016/j.atherosclerosis.2016.07.915 

40. Malhotra R, Nicholson C, Wang D, Bhambhani V, Paniagua S, Slocum C, et al. 
Matrix gla protein levels are associated with arterial stiness and incident heart failure 
with preserved ejection fraction. Arterioscler Thromb Vasc Biol. (2022) 42:e61–73. 
doi: 10.1161/ATVBAHA.121.316664 

41. Nakagawa Y, Ikeda K, Akakabe Y, Koide M, Uraoka M, Yutaka K, et al. Paracrine 
osteogenic signals via bone morphogenetic protein-2 accelerate the atherosclerotic 
intimal calcification in vivo. Arterioscler Thromb Vasc Biol. (2010) 30:1908–15. doi: 
10.1161/ATVBAHA.110.206185 

42. Zebboudj A, Imura M, Boström K. Matrix GLA protein, a regulatory protein for 
bone morphogenetic protein-2. J Biol Chem. (2002) 277:4388–94. doi: 10.1074/jbc. 
M109683200 

43. Zebboudj A, Shin V, Boström K. Matrix GLA protein and BMP-2 regulate 
osteoinduction in calcifying vascular cells. J Cell Biochem. (2003) 90:756–65. doi: 
10.1002/jcb.10669 

44. Kida Y, Yamaguchi I. The vascular protective eect of matrix Gla protein during 
kidney injury. Front Mol Med. (2022) 2:970744. doi: 10.3389/fmmed.2022.970744 

45. Liu E, Morimoto M, Kitajima S, Koike T, Yu Y, Shiiki H, et al. Increased expression 
of vascular endothelial growth factor in kidney leads to progressive impairment 
of glomerular functions. J Am Soc Nephrol. (2007) 18:2094–104. doi: 10.1681/ASN. 
2006010075 

Frontiers in Nutrition 11 frontiersin.org 

https://doi.org/10.3389/fnut.2026.1726483
https://doi.org/10.3961/jpmph.15.055
https://doi.org/10.1007/s41999-019-00233-w
https://doi.org/10.1113/JP285130
https://doi.org/10.1113/JP285130
https://doi.org/10.1016/j.cell.2022.11.001
https://doi.org/10.1042/CS20230319
https://doi.org/10.1016/j.arr.2022.101576
https://doi.org/10.13325/j.cnki.acta.nutr.sin.2025.01.008
https://doi.org/10.13325/j.cnki.acta.nutr.sin.2025.01.008
https://doi.org/10.1007/s12603-018-1139-9
https://doi.org/10.1007/s12603-018-1139-9
https://doi.org/10.1007/s40266-018-0566-y
https://doi.org/10.3324/haematol.2019.229047
https://doi.org/10.1007/s00223-022-00955-3
https://doi.org/10.1007/s00223-022-00955-3
https://doi.org/10.3389/fnut.2024.1378853
https://doi.org/10.3390/cimb46070418
https://doi.org/10.1093/gerona/glz108
https://doi.org/10.1007/s12603-022-1866-9
https://doi.org/10.1016/j.nut.2022.111608
https://doi.org/10.4103/tcmj.tcmj_100_22
https://doi.org/10.4103/tcmj.tcmj_100_22
https://doi.org/10.1007/s00198-014-2989-6
https://doi.org/10.1007/s00198-014-2989-6
https://doi.org/10.7759/cureus.10816
https://doi.org/10.7759/cureus.10816
https://doi.org/10.3390/nu16142356
https://doi.org/10.3390/nu16142356
https://doi.org/10.1093/nutrit/nuab061
https://doi.org/10.1074/jbc.M113.477356
https://doi.org/10.1146/annurev-nutr-082117-051741
https://doi.org/10.1146/annurev-nutr-082117-051741
https://doi.org/10.1038/nature09464
https://doi.org/10.1126/science.1218632
https://doi.org/10.1160/TH08-03-0147
https://doi.org/10.3390/nu15122727
https://doi.org/10.11005/jbm.2021.28.1.11
https://doi.org/10.1186/s12986-023-00779-4
https://doi.org/10.1016/s0304-4165(02)00147-2
https://doi.org/10.1016/s0304-4165(02)00147-2
https://doi.org/10.1002/jcsm.13379
https://doi.org/10.1002/jcsm.13379
https://doi.org/10.1007/s13668-016-0162-x
https://doi.org/10.1523/JNEUROSCI.23-13-05816.2003
https://doi.org/10.1523/JNEUROSCI.23-13-05816.2003
https://doi.org/10.1002/jcsm.13228
https://doi.org/10.1002/jcsm.13228
https://doi.org/10.1016/j.cell.2007.05.047
https://doi.org/10.1016/j.cell.2007.05.047
https://doi.org/10.1016/j.bone.2024.117314
https://doi.org/10.1016/j.bone.2024.117314
https://doi.org/10.1016/j.molmet.2016.07.002
https://doi.org/10.1016/j.molmet.2016.07.002
https://doi.org/10.1093/ajh/hpab190
https://doi.org/10.1093/ajh/hpab190
https://doi.org/10.1016/j.atherosclerosis.2016.07.915
https://doi.org/10.1161/ATVBAHA.121.316664
https://doi.org/10.1161/ATVBAHA.110.206185
https://doi.org/10.1161/ATVBAHA.110.206185
https://doi.org/10.1074/jbc.M109683200
https://doi.org/10.1074/jbc.M109683200
https://doi.org/10.1002/jcb.10669
https://doi.org/10.1002/jcb.10669
https://doi.org/10.3389/fmmed.2022.970744
https://doi.org/10.1681/ASN.2006010075
https://doi.org/10.1681/ASN.2006010075
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-13-1726483 February 23, 2026 Time: 21:4 # 12

Ran et al. 10.3389/fnut.2026.1726483 

46. Kumric M, Borovac J, Ticinovic Kurir T, Martinovic D, Frka Separovic I, Baric L, 
et al. Role of matrix Gla protein in the complex network of coronary artery disease: a 
comprehensive review. Life. (2021) 11:737. doi: 10.3390/life11080737 

47. Lu C, Song Y, Wu X, Lei W, Chen J, Zhang X, et al. Pleiotropic role of GAS6 
in cardioprotection against ischemia-reperfusion injury. J Adv Res. (2025) 70:481–97. 
doi: 10.1016/j.jare.2024.04.020 

48. Zhou X, Xu S, Yuan S, Lei X, Sun X, Xing L, et al. Multiple functions of autophagy 
in vascular calcification. Cell Biosci. (2021) 11:159. doi: 10.1186/s13578-021-00639-9 

49. Linger R, Keating A, Earp H, Graham DK. TAM receptor tyrosine kinases: biologic 
functions, signaling, and potential therapeutic targeting in human cancer. Adv Cancer 
Res. (2008) 100:35–83. doi: 10.1016/S0065-230X(08)00002-X 

50. Allen M, Zeng C, Schneider K, Xiong X, Meintzer M, Bellosta P, et al. Growth 
arrest-specific gene 6 (Gas6)/adhesion related kinase (Ark) signaling promotes 
gonadotropin-releasing hormone neuronal survival via extracellular signal-regulated 
kinase (ERK) and Akt. Mol Endocrinol. (1999) 13:191–201. doi: 10.1210/mend.13.2. 
0230 

51. Clauser S, Meilhac O, Bièche I, Raynal P, Bruneval P, Michel J, et al. Increased 
secretion of Gas6 by smooth muscle cells in human atherosclerotic carotid plaques. 
Thromb Haemost. (2012) 107:140–9. doi: 10.1160/TH11-05-0368 

52. Brack A, Conboy I, Conboy M, Shen J, Rando TA. A temporal switch from notch 
to Wnt signaling in muscle stem cells is necessary for normal adult myogenesis. Cell 
Stem Cell. (2008) 2:50–9. doi: 10.1016/j.stem.2007.10.006 

53. Brack A, Conboy M, Roy S, Lee M, Kuo C, Keller C, et al. Increased Wnt 
signaling during aging alters muscle stem cell fate and increases fibrosis. Science. (2007) 
317:807–10. doi: 10.1126/science.1144090 

54. Zhang Y, Wang Y, Ming Z, Li B, Qi H, Xie H, et al. Vitamin K2 alleviates insulin 
resistance associated skeletal muscle atrophy via the AKT/mTOR signalling pathway. J 
Cachexia Sarcopenia Muscle. (2025) 16:e13840. doi: 10.1002/jcsm.13840 

55. Morris B. Seven sirtuins for seven deadly diseases of aging. Free Radic Biol Med. 
(2013) 56:133–71. doi: 10.1016/j.freeradbiomed.2012.10.525 

56. Ji Y, Li M, Chang M, Liu R, Qiu J, Wang K, et al. Inflammation: roles in skeletal 
muscle atrophy. Antioxidants. (2022) 11:1686. doi: 10.3390/antiox11091686 

57. Cheng Y, Lin S, Cao Z, Yu R, Fan Y, Chen J. The role of chronic low-grade 
inflammation in the development of sarcopenia: advances in molecular mechanisms. 
Int Immunopharmacol. (2025) 147:114056. doi: 10.1016/j.intimp.2025.114056 

58. Costamagna D, Costelli P, Sampaolesi M, Penna F. Role of inflammation in muscle 
homeostasis and myogenesis. Mediators Inflamm. (2015) 2015:805172. doi: 10.1155/ 
2015/805172 

59. Bowen T, Schuler G, Adams V. Skeletal muscle wasting in cachexia and sarcopenia: 
molecular pathophysiology and impact of exercise training. J Cachexia Sarcopenia 
Muscle. (2015) 6:197–207. doi: 10.1002/jcsm.12043 

60. Webster J, Kempen L, Hardy R, Langen R. Inflammation and skeletal muscle 
wasting during cachexia. Front Physiol. (2020) 11:597675. doi: 10.3389/fphys.2020. 
597675 

61. Ohsaki Y, Shirakawa H, Miura A, Giriwono P, Sato S, Ohashi A, et al. Vitamin 
K suppresses the lipopolysaccharide-induced expression of inflammatory cytokines in 
cultured macrophage-like cells via the inhibition of the activation of nuclear factor κB 
through the repression of IKKα/β phosphorylation. J Nutr Biochem. (2010) 21:1120–6. 
doi: 10.1016/j.jnutbio.2009.09.011 

62. Reddi K, Henderson B, Meghji S, Wilson M, Poole S, Hopper C, et al. Interleukin 
6 production by lipopolysaccharide-stimulated human fibroblasts is potently inhibited 
by naphthoquinone (vitamin K) compounds. Cytokine. (1995) 7:287–90. doi: 10.1006/ 
cyto.1995.0034 

63. He Q, Lin Y, Chen B, Chen C, Zeng J, Dou X, et al. Vitamin K2 ameliorates 
osteoarthritis by suppressing ferroptosis and extracellular matrix degradation through 
activation GPX4’s dual functions. Biomed Pharmacother. (2024) 175:116697. doi: 10. 
1016/j.biopha.2024.116697 

64. Shea M, Booth S, Massaro J, Jacques P, D’Agostino R, Dawson-Hughes B, et al. 
Vitamin K and vitamin D status: associations with inflammatory markers in the 
framingham ospring study. Am J Epidemiol. (2008) 167:313–20. doi: 10.1093/aje/ 
kwm306 

65. Kumar J, Haldar C, Verma R. Melatonin ameliorates LPS-induced testicular nitro-
oxidative stress (iNOS/TNFα) and inflammation (NF-kB/COX-2) via modulation of 
SIRT-1. Reprod Sci. (2021) 28:3417–30. doi: 10.1007/s43032-021-00597-0 

66. Ru Q, Li Y, Zhang X, Chen L, Wu Y, Min J, et al. Iron homeostasis and ferroptosis 
in muscle diseases and disorders: mechanisms and therapeutic prospects. Bone Res. 
(2025) 13:27. doi: 10.1038/s41413-024-00398-6 

67. Ru Q, Li Y, Xie W, Ding Y, Chen L, Xu G, et al. Fighting age-related orthopedic 
diseases: focusing on ferroptosis. Bone Res. (2023) 11:12. doi: 10.1038/s41413-023-
00247-y 

68. Huang Y, Wu B, Shen D, Chen J, Yu Z, Chen C. Ferroptosis in a sarcopenia model 
of senescence accelerated mouse prone 8 (SAMP8). Int J Biol Sci. (2021) 17:151–62. 
doi: 10.7150/ijbs.53126 

69. Wang X, Wu Q, Zhong M, Chen Y, Wang Y, Li X, et al. Adipocyte-derived 
ferroptotic signaling mitigates obesity. Cell Metab. (2025) 37:673–91.e7. doi: 10.1016/j. 
cmet.2024.11.010 

70. Wang Y, Yang W, Liu L, Liu L, Chen J, Duan L, et al. Vitamin K2 (MK-7) attenuates 
LPS-induced acute lung injury via inhibiting inflammation, apoptosis, and ferroptosis. 
PLoS One. (2023) 18:e0294763. doi: 10.1371/journal.pone.0294763 

71. Westhofen P, Watzka M, Marinova M, Hass M, Kirfel G, Müller J, et al. 
Human vitamin K 2,3-epoxide reductase complex subunit 1-like 1 (VKORC1L1) 
mediates vitamin K-dependent intracellular antioxidant function. J Biol Chem. (2011) 
286:15085–94. doi: 10.1074/jbc.M110.210971 

72. Yang X, Wang Z, Zandkarimi F, Liu Y, Duan S, Li Z, et al. Regulation of VKORC1L1 
is critical for p53-mediated tumor suppression through vitamin K metabolism. Cell 
Metab. (2023) 35:1474–90.e8. doi: 10.1016/j.cmet.2023.06.014 

73. Su X, Zhou J, Wang W, Yin C, Wang F. VK2 regulates slow-twitch muscle fibers 
expression and mitochondrial function via SIRT1/SIRT3 signaling. Nutrition. (2022) 
93:111412. doi: 10.1016/j.nut.2021.111412 

74. Mishima E, Ito J, Wu Z, Nakamura T, Wahida A, Doll S, et al. A non-canonical 
vitamin K cycle is a potent ferroptosis suppressor. Nature. (2022) 608:778–83. doi: 
10.1038/s41586-022-05022-3 

75. Wu J, Chen M, Peng Z, Sun Y, Jin J. Mechanism and research progress of MAPK 
signaling pathway in myocardial fibrosis. Front Cardiovasc Med. (2025) 12:1667568. 
doi: 10.3389/fcvm.2025.1667568 

76. Karunakaran S, Ravindranath V. Activation of p38 MAPK in the substantia nigra 
leads to nuclear translocation of NF-kappaB in MPTP-treated mice: implication in 
Parkinson’s disease. J Neurochem. (2009) 109:1791–9. doi: 10.1111/j.1471-4159.2009. 
06112.x 

77. Baeza-Raja B, Muñoz-Cánoves P. p38 MAPK-induced nuclear factor-kappaB 
activity is required for skeletal muscle dierentiation: role of interleukin-6. Mol Biol 
Cell. (2004) 15:2013–26. doi: 10.1091/mbc.e03-08-0585 

78. Hadipour E, Tayarani-Najaran Z, Fereidoni M. Vitamin K2 protects PC12 cells 
against Aβ (1-42) and H2O2-induced apoptosis via p38 MAP kinase pathway. Nutr 
Neurosci. (2020) 23:343–52. doi: 10.1080/1028415X.2018.1504428 

79. Xiang W, Zhang T, Li B, Li S, Zhang B, Fang S, et al. Senescent macrophages induce 
ferroptosis in skeletal muscle and accelerate osteoarthritis-related muscle atrophy. Nat 
Aging. (2025) 5:1295–316. doi: 10.1038/s43587-025-00907-0 

80. Chen Y, Fang Z, Yi X, Wei X, Jiang D. The interaction between ferroptosis and 
inflammatory signaling pathways. Cell Death Dis. (2023) 14:205. doi: 10.1038/s41419-
023-05716-0 

81. Xv F, Chen J, Duan L, Li S. Research progress on the anticancer eects of vitamin 
K2. Oncol Lett. (2018) 15:8926–34. doi: 10.3892/ol.2018.8502 

82. Liu W, Zhu C, Zhang L, Wang Y, Zhang X, Shang X, et al. Mycobacterium 
tuberculosis Rv2521 promotes ferroptosis-dependent pathogenicity by inhibiting NF-
κB activation. Int J Biol Macromol. (2025) 321:146294. doi: 10.1016/j.ijbiomac.2025. 
146294 

83. Zhong X, Zhang W, Zhang W, Yu N, Li W, Song X. FASN contributes to 
ADM resistance of diuse large B-cell lymphoma by inhibiting ferroptosis via nf-
κB/STAT3/GPX4 axis. Cancer Biol Ther. (2024) 25:2403197. doi: 10.1080/15384047. 
2024.2403197 

84. Ikeda Y, Satoh A, Horinouchi Y, Hamano H, Watanabe H, Imao M, et al. 
Iron accumulation causes impaired myogenesis correlated with MAPK signaling 
pathway inhibition by oxidative stress. FASEB J. (2019) 33:9551–64. doi: 10.1096/fj. 
201802724RR 

85. Tonelli C, Chio I, Tuveson D. Transcriptional regulation by Nrf2. Antioxid Redox 
Signal. (2018) 29:1727–45. doi: 10.1089/ars.2017.7342 

86. Maimaiti Y, Abulitifu M, Ajimu Z, Su T, Zhang Z, Yu Z, et al. FOXO regulation 
of TXNIP induces ferroptosis in satellite cells by inhibiting glutathione metabolism, 
promoting Sarcopenia. Cell Mol Life Sci. (2025) 82:81. doi: 10.1007/s00018-025-
05592-1 

87. Bodine S, Baehr L. Skeletal muscle atrophy and the E3 ubiquitin ligases MuRF1 and 
MAFbx/atrogin-1. Am J Physiol Endocrinol Metab. (2014) 307:E469–84. doi: 10.1152/ 
ajpendo.00204.2014 

88. Deng M, Zhang Q, Yan L, Bian Y, Li R, Gao J, et al. Glycyl-l-histidyl-l-lysine-
Cu2+ rescues cigarette smoking-induced skeletal muscle dysfunction via a sirtuin 
1-dependent pathway. J Cachexia Sarcopenia Muscle. (2023) 14:1365–80. doi: 10.1002/ 
jcsm.13213 

89. Bao J, Sack M. Protein deacetylation by sirtuins: delineating a post-translational 
regulatory program responsive to nutrient and redox stressors. Cell Mol Life Sci. (2010) 
67:3073–87. doi: 10.1007/s00018-010-0402-y 

90. de Gregorio E, Colell A, Morales A, Marí M. Relevance of SIRT1-NF-κB axis as 
therapeutic target to ameliorate inflammation in liver disease. Int J Mol Sci. (2020) 
21:3858. doi: 10.3390/ijms21113858 

91. Vainshtein A, Sandri M. Signaling pathways that control muscle mass. Int J Mol Sci. 
(2020) 21:4759. doi: 10.3390/ijms21134759 

92. Dihingia A, Ozah D, Borah T, Kalita J, Manna P. Gamma-glutamyl-carboxylated 
Gas6 mediates positive role of vitamin K on lowering hyperglycemia in type 2 diabetes. 
Ann N Y Acad Sci. (2020) 1462:104–17. doi: 10.1111/nyas.14238 

93. Schiaÿno S, Dyar K, Ciciliot S, Blaauw B, Sandri M. Mechanisms regulating 
skeletal muscle growth and atrophy. FEBS J. (2013) 280:4294–314. doi: 10.1111/febs. 
12253 

Frontiers in Nutrition 12 frontiersin.org 

https://doi.org/10.3389/fnut.2026.1726483
https://doi.org/10.3390/life11080737
https://doi.org/10.1016/j.jare.2024.04.020
https://doi.org/10.1186/s13578-021-00639-9
https://doi.org/10.1016/S0065-230X(08)00002-X
https://doi.org/10.1210/mend.13.2.0230
https://doi.org/10.1210/mend.13.2.0230
https://doi.org/10.1160/TH11-05-0368
https://doi.org/10.1016/j.stem.2007.10.006
https://doi.org/10.1126/science.1144090
https://doi.org/10.1002/jcsm.13840
https://doi.org/10.1016/j.freeradbiomed.2012.10.525
https://doi.org/10.3390/antiox11091686
https://doi.org/10.1016/j.intimp.2025.114056
https://doi.org/10.1155/2015/805172
https://doi.org/10.1155/2015/805172
https://doi.org/10.1002/jcsm.12043
https://doi.org/10.3389/fphys.2020.597675
https://doi.org/10.3389/fphys.2020.597675
https://doi.org/10.1016/j.jnutbio.2009.09.011
https://doi.org/10.1006/cyto.1995.0034
https://doi.org/10.1006/cyto.1995.0034
https://doi.org/10.1016/j.biopha.2024.116697
https://doi.org/10.1016/j.biopha.2024.116697
https://doi.org/10.1093/aje/kwm306
https://doi.org/10.1093/aje/kwm306
https://doi.org/10.1007/s43032-021-00597-0
https://doi.org/10.1038/s41413-024-00398-6
https://doi.org/10.1038/s41413-023-00247-y
https://doi.org/10.1038/s41413-023-00247-y
https://doi.org/10.7150/ijbs.53126
https://doi.org/10.1016/j.cmet.2024.11.010
https://doi.org/10.1016/j.cmet.2024.11.010
https://doi.org/10.1371/journal.pone.0294763
https://doi.org/10.1074/jbc.M110.210971
https://doi.org/10.1016/j.cmet.2023.06.014
https://doi.org/10.1016/j.nut.2021.111412
https://doi.org/10.1038/s41586-022-05022-3
https://doi.org/10.1038/s41586-022-05022-3
https://doi.org/10.3389/fcvm.2025.1667568
https://doi.org/10.1111/j.1471-4159.2009.06112.x
https://doi.org/10.1111/j.1471-4159.2009.06112.x
https://doi.org/10.1091/mbc.e03-08-0585
https://doi.org/10.1080/1028415X.2018.1504428
https://doi.org/10.1038/s43587-025-00907-0
https://doi.org/10.1038/s41419-023-05716-0
https://doi.org/10.1038/s41419-023-05716-0
https://doi.org/10.3892/ol.2018.8502
https://doi.org/10.1016/j.ijbiomac.2025.146294
https://doi.org/10.1016/j.ijbiomac.2025.146294
https://doi.org/10.1080/15384047.2024.2403197
https://doi.org/10.1080/15384047.2024.2403197
https://doi.org/10.1096/fj.201802724RR
https://doi.org/10.1096/fj.201802724RR
https://doi.org/10.1089/ars.2017.7342
https://doi.org/10.1007/s00018-025-05592-1
https://doi.org/10.1007/s00018-025-05592-1
https://doi.org/10.1152/ajpendo.00204.2014
https://doi.org/10.1152/ajpendo.00204.2014
https://doi.org/10.1002/jcsm.13213
https://doi.org/10.1002/jcsm.13213
https://doi.org/10.1007/s00018-010-0402-y
https://doi.org/10.3390/ijms21113858
https://doi.org/10.3390/ijms21134759
https://doi.org/10.1111/nyas.14238
https://doi.org/10.1111/febs.12253
https://doi.org/10.1111/febs.12253
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-13-1726483 February 23, 2026 Time: 21:4 # 13

Ran et al. 10.3389/fnut.2026.1726483 

94. Shi-Wen X, Leask A, Abraham D. Regulation and function of connective tissue 
growth factor/CCN2 in tissue repair, scarring and fibrosis. Cytokine Growth Factor Rev. 
(2008) 19:133–44. doi: 10.1016/j.cytogfr.2008.01.002 

95. Chen X, Xiang L, Jia G, Liu G, Zhao H, Huang Z. Leucine regulates slow-twitch 
muscle fibers expression and mitochondrial function by Sirt1/AMPK signaling in 
porcine skeletal muscle satellite cells. Anim Sci J. (2019) 90:255–63. doi: 10.1111/asj. 
13146 

96. Conte E, Imbrici P, Mantuano P, Coppola M, Camerino G, De Luca A, 
et al. Alteration of STIM1/orai1-mediated SOCE in skeletal muscle: impact in 
genetic muscle diseases and beyond. Cells. (2021) 10:2722. doi: 10.3390/cells101 
02722 

97. Carafoli E, Santella L, Branca D, Brini M. Generation, control, and processing of 
cellular calcium signals. Crit Rev Biochem Mol Biol. (2001) 36:107–260. doi: 10.1080/ 
20014091074183 

98. Tan J, Zhu R, Li Y, Wang L, Liao S, Cheng L, et al. Vitamin K2 in managing 
nocturnal leg cramps: a randomized clinical trial. JAMA Intern Med. (2024) 184:1443– 
7. doi: 10.1001/jamainternmed.2024.5726 

99. Zhang X, Lu L, Wang L. Vitamin K3 inhibits mouse uterine contraction in vitro via 
interference with the calcium transfer and the potassium channels. Biochem Biophys 
Res Commun. (2016) 476:393–9. doi: 10.1016/j.bbrc.2016.05.132 

100. Li J, Luo H, He X. [Eects of vitamin K3 on the contractile activity of the colonic 
smooth muscles of guinea pig through the calcium activated potassium channel]. 
Zhonghua Yi Xue Za Zhi. (2006) 86:1981–4. doi: 10.3760/j:issn:0376-2491.2006.28.010 

101. Lacombe J, Guo K, Bonneau J, Faubert D, Gioanni F, Vivoli A, et al. Vitamin 
K-dependent carboxylation regulates Ca2+ flux and adaptation to metabolic stress in 
β cells. Cell Rep. (2023) 42:112500. doi: 10.1016/j.celrep.2023.112500 

102. van Ballegooijen A, van Putten S, Visser M, Beulens J, Hoogendijk E. Vitamin K 
status and physical decline in older adults-the longitudinal aging study Amsterdam. 
Maturitas. (2018) 113:73–9. doi: 10.1016/j.maturitas.2018.04.013 

103. Shea M, Dawson-Hughes B, Gundberg C, Booth S. Reducing undercarboxylated 
Osteocalcin with vitamin K supplementation does not promote lean tissue loss or fat 
gain over 3 years in older women and men: a randomized controlled trial. J Bone Miner 
Res. (2017) 32:243–9. doi: 10.1002/jbmr.2989 

104. Shea M, Loeser R, Hsu F, Booth S, Nevitt M, Simonsick E, et al. Vitamin K status 
and lower extremity function in older adults: the health aging and body composition 

study. J Gerontol A Biol Sci Med Sci. (2016) 71:1348–55. doi: 10.1093/gerona/ 
glv209 

105. Azuma K, Inoue S. Multiple modes of vitamin K actions in aging-related 
musculoskeletal disorders. Int J Mol Sci. (2019) 20:2844. doi: 10.3390/ijms20112844 

106. Robinson F, Dixon J. Myotubularin phosphatases: policing 3-phosphoinositides. 
Trends Cell Biol. (2006) 16:403–12. doi: 10.1016/j.tcb.2006.06.001 

107. Lawlor M, Dowling JJ. X-linked myotubular myopathy. Neuromuscul Disord. 
(2021) 31:1004–12. doi: 10.1016/j.nmd.2021.08.003 

108. Swamynathan M, Kuang S, Watrud K, Doherty M, Gineste C, Mathew 
G, et al. Dietary pro-oxidant therapy by a vitamin K precursor targets PI 
3-kinase VPS34 function. Science. (2024) 386:eadk9167. doi: 10.1126/science.ad 
k9167 

109. Tarkesh F, Namavar Jahromi B, Hejazi N, Tabatabaee H. Beneficial health eects 
of Menaquinone-7 on body composition, glycemic indices, lipid profile, and endocrine 
markers in polycystic ovary syndrome patients. Food Sci Nutr. (2020) 8:5612–21. 
doi: 10.1002/fsn3.1837 

110. Karamzad N, Faraji E, Adeli S, Sullman M, Pourghassem Gargari B. The eect 
of menaquinone-7 supplementation on dp-ucMGP, PIVKAII, inflammatory markers, 
and body composition in type 2 diabetes patients: a randomized clinical trial. Nutr 
Diabetes. (2022) 12:15. doi: 10.1038/s41387-022-00192-5 

111. Fulton R, McMurdo M, Hill A, Abboud R, Arnold G, Struthers A, et al. Eect 
of vitamin K on vascular health and physical function in older people with vascular 
disease–A randomised controlled trial. J Nutr Health Aging. (2016) 20:325–33. doi: 
10.1007/s12603-015-0619-4 

112. DiNicolantonio J, O’Keefe J, Wilson W. Subclinical magnesium deficiency: a 
principal driver of cardiovascular disease and a public health crisis. Open Heart. (2018) 
5:e000668. doi: 10.1136/openhrt-2017-000668 

113. Souza A, Vasconcelos A, Dias D, Komoni G, Name J. The integral role of 
magnesium in muscle integrity and aging: a comprehensive review. Nutrients. (2023) 
15:5127. doi: 10.3390/nu15245127 

114. Ashique S, Kumar S, Hussain A, Mishra N, Garg A, Gowda B, et al. A narrative 
review on the role of magnesium in immune regulation, inflammation, infectious 
diseases, and cancer. J Health Popul Nutr. (2023) 42:74. doi: 10.1186/s41043-023-
00423-0 

Frontiers in Nutrition 13 frontiersin.org 

https://doi.org/10.3389/fnut.2026.1726483
https://doi.org/10.1016/j.cytogfr.2008.01.002
https://doi.org/10.1111/asj.13146
https://doi.org/10.1111/asj.13146
https://doi.org/10.3390/cells10102722
https://doi.org/10.3390/cells10102722
https://doi.org/10.1080/20014091074183
https://doi.org/10.1080/20014091074183
https://doi.org/10.1001/jamainternmed.2024.5726
https://doi.org/10.1016/j.bbrc.2016.05.132
https://doi.org/10.3760/j:issn:0376-2491.2006.28.010
https://doi.org/10.1016/j.celrep.2023.112500
https://doi.org/10.1016/j.maturitas.2018.04.013
https://doi.org/10.1002/jbmr.2989
https://doi.org/10.1093/gerona/glv209
https://doi.org/10.1093/gerona/glv209
https://doi.org/10.3390/ijms20112844
https://doi.org/10.1016/j.tcb.2006.06.001
https://doi.org/10.1016/j.nmd.2021.08.003
https://doi.org/10.1126/science.adk9167
https://doi.org/10.1126/science.adk9167
https://doi.org/10.1002/fsn3.1837
https://doi.org/10.1038/s41387-022-00192-5
https://doi.org/10.1007/s12603-015-0619-4
https://doi.org/10.1007/s12603-015-0619-4
https://doi.org/10.1136/openhrt-2017-000668
https://doi.org/10.3390/nu15245127
https://doi.org/10.1186/s41043-023-00423-0
https://doi.org/10.1186/s41043-023-00423-0
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Vitamin K and muscle health: mechanisms and clinical perspectives in sarcopenia and beyond: narrative review
	1 Introduction
	2 Vitamin K biology: types, distribution, and metabolism relevant to muscle health
	2.1 Types and sources
	2.2 Absorption, tissue distribution and metabolic conversion
	2.3 Functional implications for muscle

	3 Mechanistic insights: vitamin K in muscle health
	3.1 Carboxylation-dependent pathways
	3.1.1 Osteocalcin
	3.1.2 Matrix Gla protein (MGP)
	3.1.3 Growth arrest–specific protein 6 (Gas6)

	3.2 Carboxylation-independent pathways
	3.2.1 Anti-inflammatory effects
	3.2.2 Antioxidant and ferroptosis inhibition
	3.2.3 Metabolic regulation and muscle growth

	3.3 Calcium homeostasis regulation

	4 Vitamin K in muscle-related diseases
	4.1 Sarcopenia
	4.2 X-linked myotubular myopathy (XLMTM)

	5 Clinical studies and nutritional interventions
	5.1 Observational studies
	5.2 Randomized controlled trials

	6 Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	graysixtyfiveReferences




