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Abstract
Hip fragility fractures, which are very common injuries sustained by many older adults commonly lead to disabling hip joint os-

teoarthritis, premature death, or reduced life quality. As such and given the failure of most hip fracture preventive strategies to date, 
it appears more might be done to consider incorporating additional strategies into those already in place. This mini review examines 
whether: 1) Vitamin K, an important dietary compound that can also be partially synthesized intrinsically is a potentially important 
bone building or modeling determinant whose presence might influence the onset and progression of osteoporosis a key determi-
nant of fragility fractures and 2) whether any evidence points to its application as being desirable among vulnerable aging adults 
with low vitamin K status or at risk for fragility fractures for other reasons. Based on the bulk of available data housed in PUBMED, 
it appears that vitamin K and its derivatives do have some promising albeit unproven impacts on bone metabolism, and hence pos-
sibly on osteoporosis, a pathological feature often found to prevail in hip fragility fracture injuries. It also appears that in addition to 
ensuring aging at risk adults have adequate vitamin K intakes and serum levels, efforts to solidify this promising line of inquiry may 
prove highly fruitful in efforts to prevent or reduce the persistent global age-associated hip fracture burden and its immense associ-
ated human and socioeconomic costs and ramifications. 
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Introduction

As documented in recent years, hip fractures continue to be 
identified as one of the most serious health care problems facing 
health policy makers and public health care organizations working 
on behalf of the aging population. Moreover, the injury remains a 
leading cause of excessive morbidity, and reduced life quality, as 
well as premature mortality, particularly among older people [1], 
and especially among those with chronic health conditions that 
can impact bone fragility such as osteoporosis, a metabolic bone 
disease characterized by low bone mass and micro architectural 

deterioration of bone tissue that results in increased bone fragility 
and a consequent increase in fracture risk [2] along with kidney 
disease, diabetes, and cardiovascular disease [3]. However, to 
date, preventive programs that focus largely on obviating falls 
risk, including balance and strength training, are often less than 
optimally effective as a whole, especially at preventing subsequent 
or second hip fragility fractures [4]. Yet it is possible that a more 
targeted program of intervention designed to not only avert falls, 
but to foster underlying bone strength, bone mass, and bone 
architecture, may offer more protection against bone fatigue and 
its adverse effects on bone fatigue damage [3], through inherent 
or extrinsically derived non-pharmacologic mechanisms, rather 
than any pharmacologic approach that may not only be unsafe, but 
less than effective in preventing subsequent hip fractures [5] as put 
forth by Tsugawa., et al. [6]. 
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To date, however, while many studies have examined a role for 
calcium, vitamin D and vitamin C in this regard [7], fewer have 
examined a possible role for vitamin K or its key three variants: 
Phyloquinone [PK/K1], Menaqionones [MKn/K2/K2-K4;K7], 
and Menadione [K3] [8,9] as these might impact on structural 
and functional bone parameters implicated both in osteopenia 
and osteoporosis and thereby the epidemic of fragility fractures 
[2], including second hip fractures [10]. Since many older adults 
may suffer from poor nutrition, as well as suffering from various 
forms of chronic disease that may impede vitamin K absorption, 
usage, and production and who may be especially likely to have 
or develop a long lasting vitamin K deficiency, this subgroup may 
conceivably exhibit excess or more rapid bone density decreases 
than anticipated by aging alone [9,11]. As well, since bone strength 
is determined by bone mineral content and bone quality and tends 
to decline with abnormalities related to bone construction, there 
may be excess deterioration of bone matrix proteins and bone 
micro-architecture, excessively high or low bone turnover rates, 
and accumulation of micro damage, such that vitamin K may yet 
prove highly relevant [6] in efforts to avert one or more of these 
bone based abnormalities that might readily contribute to a high 
risk of incurring a fracture. Moreover, vitamin K2 appears to 
be a highly significant mediator of calcium and vitamin D bone 
building effects, and hence used alone or in combination with these 
micronutrients or other drugs may provide able osteo protection 
from both skeletal degradation especially after menopause and/or 
in the case of a fracture that leads to a risk of secondary osteoporosis 
[6,8]. In this regard, this brief examines whether more focus on 
vitamin K and its bone metabolic linkages is warranted in efforts to 
understand the pathogenesis of hip fragility fractures in the elderly 
who may indeed have underlying osteoporosis. In practical terms, 
whether supplementation can be advocated in selected cases to 
minimize hip fracture fragility risk and/or its severity and post 
injury recovery rate and extent in this regard remains highly salient 
in the context of most aging societies.

More specifically, if there is credible evidence of one or more 
vitamin K variants that can favorably impact the physiology of 
the key bone producing cell known as osteoblast [12], this alone 
may have far-reaching clinical implications as regards fracture 
mitigation, as well as for many related orthopedic challenges. 
However, at present, a clear role for vitamin K in this respect 
remains in question [3], despite years of fairly compelling related 
findings in multiple realms including various human studies, both 
comparative and prospective [14].

Review Aims

Since bone fractures, such as those that readily occur at the hip 
joint are potentially affected to a considerable degree by factors 
that impact bone integrity, including nutritional factors, this report 
elected to establish the weight of the evidence that has begun to 
emerge over time as to whether vitamin K and/or its derivatives 
have the potential to significantly impact key bone cell functions 
in a favorable manner if consistently present in the serum in 
physiologically desirable quantities. It also examines whether a 
case can be made for considering vitamin K supplementation as far 
as bone health and bone repair in hip fracture susceptible adults 
are concerned.

Materials and Methods

To obtain the desired data to fulfill the study aims, an extensive 
scan of available documents housed in the PUBMED data base and 
published in English over the time periods 1980-2022 using the 
key terms Vitamin K and Osteoblasts; Vitamin K and Bone Healing 
was implemented. After scanning the available article listings 
those that addressed some aspect of the current topic of interest 
were specifically scrutinized in more depth, while those referring 
to vitamin K and its effects on blood vessels and coagulation, 
those discussing other musculoskeletal conditions, and those 
that focused on children or young adults, or were not written in 
English were excluded. Included were a representative sample of 
most relevant topical reports, including systematic reviews and 
preclinical studies. However, in our opinion the highly limited data 
set, plus its diverse research approaches, terminology, measures, 
and diverse samples precluded any in depth formal quantitative 
analysis. Instead a narrative approach was adopted with the aim of 
highlighting some key findings and possible research and clinical 
implications, including broad general observations, plus those 
examining the osteoblast-associated interactions with vitamin K 
more closely [15]. The term used for vitamin K in the text is that 
employed in the related literature, or assumed to include one or 
more vitamin K derivatives.

Results and Analysis

General observations

As of March 31 2022, the PUBMED database examined and 
believed to house the most salient thematic articles published 
on the current topic, showed that when covering the years 
between 1980-2022 with no restrictions, 277 articles published 
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on vitamin K and fracture prevention, 225 somewhat relevant 
articles containing the key words vitamin K and osteoblasts, 78 
articles using the terms hip fracture prevention and vitamin K, 
plus 28 articles related to bone healing and vitamin K were posted. 
However, despite years of study, it remains apparent that there is 
yet no consensus as to whether vitamin K, a multifunctional fat 
soluble vitamin, is of high relevance in the context of hip fragility 
fracture prevention and recovery per se although it clearly has 
multiple bone related metabolic properties [16,17]. Vitamin K was 
also found deficient as early as 1985 in hip fracture cases [18] and 
was cited as being apparently relevant to bone health in a recent 
2017 meta-analysis on vitamin K and bone attributes by Hao., et 
al. [19]. However, even if this finding has not been pursued actively 
in the context of any level of disability prevention as related to 
fragility fractures in the elderly to any great degree, it does appear 
that vitamin K, a probable coenzyme of carboxylase appears to 
catalyze the carboxylation of several vitamin K dependent proteins 
such as osteocalcin and matrix Gla protein [20,21] that can impact 
bone osteoblast function and bone mineralization [13], while also 
seeming to inhibit osteoclastic bone resorption [15,20]. Hence, 
even if deemed non-conclusive at best, these observations render 
vitamin K and its derivatives potentially useful for protecting or 
fostering bone health [8, 20] as well as for explaining the observed 
presence of depressed circulating levels of vitamin K1 in cases 
with confirmed osteoporosis [21], even though this association 
is not observed in all cases [13]. According to Fusaro., et al. [20] 
however, vitamin K appears to have the capacity to serve as a ligand 
of the nuclear steroid and xenobiotic bone cell receptors known as 
sulfakinin receptors (SXR) [21], whose activation can duly foster 
the regulation of several types of bone assembly proteins [6].

As well as serving as a ligand for essential bone building 
physiological actions, additional emergent research points to a key 
role for adequate vitamin K intake levels in fostering: 1) osteocalcin 
metabolism and production, 2) sufficient calcium metabolism 
relative to vitamin D [8], and the development and maintenance of 
optimal bone health including protection against the possible risk 
of sustaining an osteoporotic bone fracture [20,22,23]. 

There may also be a key role for vitamin K in muscle metabolism 
that can indirectly influence bone health and that may be pertinent 
to discussions on falls prevention as well as age associated bone 
attrition [24]. In addition to helping to possibly avert a proportion 

of preventable hip fracture injuries due to bone fragility, vitamin 
K may have a role to play in optimizing post hip fracture injury 
recovery and for reducing the risk of secondary hip fractures due 
to excess post injury bone attrition processes [25]. 

 Research observations

In regard to the aforementioned general observations, Akbari., 
et al. [17] have concluded that vitamin K does appear to exert 
various anabolic effects on bone turnover rates in different ways, 
such as by promoting osteoblast differentiation, up-regulating 
the transcription of specific genes in osteoblasts and activating 
the various bone-associated vitamin K dependent proteins, which 
play critical roles in extracellular bone matrix mineralization. 
Vitamin K may also play a role in inhibiting bone resorption, plus 
osteoclast-like cell formation, and in preserving or fostering bone 
mass maintenance and bone mineral density [26], in cases of 
osteoporosis [26] that can duly be expected to lower the risk of 
sustaining a hip fracture as a result of excess bone fragility [20,27]. 

Vitamin K may also induce favorable impacts on the proteomic 
profile of human osteoblast cell lines under oxidative conditions 
induced by inflammatory mediators that may support the 
formation, remodeling, and mineralization of bone tissue [28], 
including the degree of osteoporosis incurred at a bone injury 
site, for example if the adult is deemed vitamin K deficient [29]. 
In addition, research reveals that vitamin K supplementation can 
improve bone turnover profiles, while specifically decreasing 
the level of circulating uncarboxylated osteocalcin [30], a factor 
thought to induce inflammation and regional chronic pain in the 
case of a fracture injury [29].

 Another report has revealed an association between a low 
intake of vitamin K and an increase in bone deterioration [16], 
as well as the risk of incurring a hip fracture [5,16] that can 
probably be offset by the bone building or mediating bone building 
properties of vitamin K bone as well as on calcium and vitamin D 
bone interactions [8,12,31]. Villa., et al. [33] for example tend to 
agree that the commonly used dosage of vitamin K2 in human 
studies of 45 mg/day and its application may indeed benefit bone 
as well as vascular health, especially among osteoporotic post-
menopausal women, despite a lack of confirmative studies in this 
realm [34]. As well, it appears that malnutrition-a strong fragility 
fracture determinant-is one of many factors that may produce 
a persistent lack of adequate vitamin K serum levels that can 
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influence fracture risk as well as fracture severity [35] and post 
fracture recovery trends [31]. 

Shiraki., et al. [26] who studied 241 osteoporotic patients 
in a 24-month randomized open label study wherein a vitamin 
K-treated group received 45 mg of vitamin K4 each day showed the 
active treatment enhanced bone Gla protein gamma-carboxylation, 
while markers of bone turnover were unchanged. This is important 
because yet other data show low serum vitamin K1 levels to be 
associated with increases in fracture risk and hip bone structural 
properties in post-menopausal women with osteoporosis [36] 
and independently with an increased fracture risk, especially an 
increased risk of femoral neck fractures [37]. Feskanich., et al. [38] 
consequently suggest vitamin K is indeed associated with bone 
mineral density estimates as well as the risk of sustaining a hip 
fracture that cannot be ignored. 

Mott., et al. [39] on the other hand found that for post-
menopausal or osteoporotic patients, there is no evidence that 
vitamin K affects bone mineral density or vertebral fractures, 
although it was conceded it may reduce clinical fractures in addition 
to possibly benefitting bone and vascular health, especially among 
osteoporotic post-menopausal women [33], and may yet foster 
bone healing in the event of a fracture [40]. However, one reason 
why results of studies may vary is that there may be a differential 
impact of vitamins K1 and K2 on bone and hence their role in 
possibly increasing the risk of fracturing a hip. 

In accord with the above studies, Apalset., et al. [41] found a 
low vitamin K1 intake, but not vitamin K2, was associated with an 
increased risk of sustaining a hip fracture, a finding also supported 
by Vergnaud., et al. [42]. A systematic review of vitamin K usage 
to prevent fractures in older women has further shown that the 
presence of vitamin K1 ia indeed quite promising [43], despite 
contrary findings in a case series of Chinese adults [44]. Moreover, 
a role for depressed circulating vitamin K levels during the 
fracture healing period has been shown to influence bone recovery 
processes [45], especially if persistently low vitamin K intakes 
are identified [38,41], as those exhibiting high levels of vitamin 
K deficiency [46] also tend to show excess bone fragility levels. 
Unlike many interventions that appear to be efficacious, but where 
mechanisms of action are hard to discern, those observed for 
vitamin K and bone interactions show a fairly consistent pattern of 
this micronutrient in being able to modulate the differentiation of 

bone stem cells towards an osteoblastic cell phenotype if derived 
from fracture sites that may be helpful in efforts to repair the 
fracture site using a prosthesis that is often highly challenging 
[15,48,51] and in cases for fostering bone healing in the case of an 
atypical bone fractures [52]. 

Other data show vitamin K and its bone building properties 
following a fracture [53] as well as in speeding up bone healing 
[54] are also quite compelling, including combinations of curcumin 
and vitamin K2 on probable osteoblast cell attachment and 
proliferation [55], vitamin K and Teriparatide applications and 
skeletal repair [56], and parathyroid hormone along with vitamin 
K-4 on calverial bone defects in osteopenic rats [57]. In addition, a 
clinical study that involved the combined use of vitamin K and other 
micronutrients and that assessed the effects of nightly melatonin, 
strontium (citrate), vitamin D3 and vitamin K2 (MK7; MSDK) 
on bone mineral density and quality of life in postmenopausal 
osteopenic women (ages 49-75) as compared to placebo found 
the active treatment increased their lumbar spine and left femoral 
neck bone mineral density, with an upward trend for total left hip 
improvements. As well, bone turnover was significantly reduced 
[58]. Another line of study shows bone stem cells, bone cellular 
physiology and bone marrow micro environmental influences 
appear to be detrimentally affected in humans subjected to vitamin 
K antagonists [59].

It further appears that although findings by Cheung., et al. 
[60] suggested no clinically relevant bone mineral density impact 
of 5g of vitamin K applied daily for 2-4 years among osteopenic 
sufferers, that vitamin K may yet reduce fracture risk in vulnerable 
post menopausal osteopenic women according to these authors. 
Atkins., et al. [61] similarly point to evidence that does suggest 
that vitamin K has the potential to promote the transition of 
osteoblasts-to-osteocytes, while at the same time decreasing the 
osteoclastogenic potential of these cells that may help explain the 
net positive effect of vitamin K on bone formation, including bone 
structural parameters and cell effectors of bone strength [62]. But 
dosages and duration of vitamin K applications in the clinical sense 
may vary and should be addressed accordingly to arrive at more 
solid clinically relevant findings [36,63].

Discussion

Hip fractures, the most severe form of fragility fracture 
[2] represent an ongoing major health concern among 
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aging populations. Often associated with an elevated risk of 
multimorbidity, possible subsequent hip fractures, pain, enormous 
medical and social costs, and slow recovery rates in survivors, it is 
possible a host of lifestyle factors, including associated nutrition 
intakes may play a causative and/or mediating role in this negative 
cycle of bone health events found in frail hip fracture patients [20].

Indeed, not only do all living tissues require essential nutrients 
such as amino acids, fatty acids, carbohydrates, minerals, vitamins, 
and water to survive optimally, but the skeleton requires specific 
nutrients that appear to include vitamin K for purposes of its 
development, as well as its maintenance [63,64]. Multiple dietary 
components including vitamin K can hence potentially affect 
osteocyte function in particular and may have hence have an 
important synergistic impact on bone structure, bone mineral 
density, fracture risk, and bone healing, as well as functional ability 
that helps to minimize the onset or severity of age-related diseases 
such as osteoporosis [30,65]. As a result, and in recent years, there 
has been growing interest in vitamin K in the context of aging 
and especially in the realm of efforts to retard bone attrition and 
promote bone health and inhibit vascular calcification, frailty and 
fragility fracture risk by ensuring the presence of safe levels of 
vitamin K and/or its derivatives [65,66], even if not considered by 
Singh [67] and others to be relevant in this regard including efforts 
to enhance hip fracture recovery processes, plus osteoporosis 
pathology found to often accompany hip fragility fracture injuries 
[68-70], especially in the vitamin K compromised patient. By 
contrast, efforts to limit osteoporosis while raising vitamin K levels 
to desired levels have been observed to be safe and to mostly affect 
bone quality, rather than bone mineral density, with the exception 
of vitamin K4 that may have a positive impact on bone mineral 
density as well [20]. Vitamin D status affecting bone health may 
also be impacted by the degree of available vitamin K, as may 
femoral neck fracture risk [21,71]. Moreover, treating osteoporotic 
patients with vitamin K might have the additional advantage of 
protecting arteries from vascular calcification, and this might prove 
particularly important in patients with chronic kidney disease, 
where other treatments for osteoporosis, such as biphosphonates 
or hormone therapy, cannot be safely applied, but where subjects 
are at high risk for fracturing a hip or have advanced osteoporosis 
[72]. Vitamin K administration may also be helpful in speeding 
up hip fracture recovery in cases taking Wafarin medication [73]. 
Although daily vitamin K supplementation for 2 to 4 years did not 

appear to protect against age-related declines in bone mineral 
density, it was still argued that this approach may protect against 
fractures and cancers in postmenopausal women with osteopenia 
[60]. The study too was of very short duration, and the 5mg dosage 
applied may not have been effective in either insufficient cases 
or those already sufficient in terms of vitamin K serum levels. 
Giri., et al. [74] found postmenopausal women with osteoporotic 
fractures, supplementation with either 5 or 45 mg/day of vitamin 
K-4 reduces uncarboxylated osteocalcin to concentrations typical 
of healthy, pre-menopausal women.

While one must be mindful that some studies have reported 
vitamin K to be of no importance in any of the above bone related 
contexts [75,76], and publication bias may favor the publication 
of studies with positive clinical implications and findings, several 
studies in animal models as well as the clinic support more 
investigation of this issue, in spite of the lack of any uniform 
consensus by some in this regard [39]. That is, even if not all 
studies have been examined in this report, and the quality of those 
that have may be limited, and there are too few trials to establish 
any consensus [39,77], far fewer that are published report vitamin 
K presence to be of no relevance to bone health whatsoever, but 
rather that this line of inquiry may be highly valuable to pursue [78]. 
Vitamin K levels may also have a bearing on muscle structure and 
muscle mass [24], plus muscle strength, and physical performance 
ability as outlined in some observational studies [65,79], and this 
alone along with ample research showing a vitamin K deficiency 
induced by chronic anticoagulant therapy is potentially linked 
to bone fragility [80] and other long-term health conditions if 
precautions to overcome vitamin K deficiency are not taken.

Moreover, since no single ‘magic bullet’ or ‘cure’ has been 
developed to counter hip fracture disability to any meaningful 
degree in more than 20 years, it is possible that some advancement 
can be made among those elderly who are either at risk for frailty 
and excess bone attrition leading to osteoporosis, and are living 
with cardiovascular disease if their vitamin K status is wanting 
and if they are assessed for vitamin K sufficiency periodically, 
alongside bone density measures [81]. Based on what we do 
know about bone remodeling that involves the removal of old or 
damaged bone by osteoclasts and its replacement by new bone 
formed by osteoblasts, we know this process is tightly regulated 
and shifts to a net bone loss in the face of suboptimal nutrient 
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inputs, among other factors that tend towards the development of 
osteoporosis, including vitamin K2 [66] and that can possibly be 
harnessed to produce osteoblastic cell lines at fracture sites, thus 
offering clinicians a promising and low-cost strategy for reparative 
osteogenesis, and bone formation, while preventing an increase in 
bone resorption. This process may also help in bone maintenance 
processes [12], as well as bone healing.

Since bone attrition due to aging may not be inevitable and 
appears to be reduced by supplementation of vitamin K1 and 
K4 [76], by the addition of vitamin K to vitamin D and calcium 
supplements [82], and independently by vitamin K7 and vitamin 
K2, respectively [84, 85], and especially at the femoral neck 
bone site if coupled with vitamin D and a mineral supplement in 
post-menopausal younger women [86], more attention to the 
careful elucidation of the role adequate vitamin K levels and their 
possible supplementation in efforts to preserve bone health in 
both the young and elderly adult appears strongly indicated. The 
possible utility of combining vitamin K and vitamin D as well as 
other compounds that can help to foster gene actions that induce 
optimal bone mass preservation and mechanical properties, plus 
examining the use of producing foods containing vitamin K as 
standard options for mitigating excess bone attrition in older 
adults, and the possible use of serums containing vitamin K, while 
expanding upon current promising vitamin K cellular effects 
on bone structure and physiology as applied to multiple bone 
osteoporotic health challenges should also be encouraged. Clinical 
guidelines for screening and supplementation of vitamin K also 
warrant due consideration [9].

In short, while this review has only included data from one 
primary data source, there appears to be sufficient intersecting 
mechanistic as well as clinical data to recommend more routine 
efforts to assure aging adults at risk for osteopenia or osteoporosis 
have the means to safely maintain optimal vitamin K levels, where 
desirable, and that doing this may prove highly efficacious in efforts 
to avert enormous post hip fracture suffering and substantive public 
health and human costs [83] in this regard, especially if calcium 
and vitamin D and their established bone building properties are 
found clearly interrelated. Unique vitamins K1, K2, K4, and K7 bone 
associated effects and attributes also warrant more comprehensive 
study. In the meantime-what we know can be briefly represented 
as per below in figure 1.

Figure 1: Summary of key findings as regards a role for vitamin 
K in improving bone health in later life.

Conclusion

Despite the prevailing lack of consensus on the current topic, 
we conclude this present mini-review that examined a possible 
linkage between vitamin K analogues and bone maintenance 
processes shows considerable promise in regards to its potential 
for advancing primary as well as secondary and tertiary preventive 
efforts designed to mitigate bone loss associated with aging that 
can lead to hip fragility fractures, plus high levels of mortality 
and morbidity among many aging adults, regardless of where 
they reside and exposure to most current preventive strategies. 
It appears however, that despite the many such laudable fracture 
prevention programs that have been undertaken in the past to 
address this issue, few include vitamin K as an important if not 
essential co factor. Moreover, data on vitamin K bone influences fail 
to provide a clear cut consensus as to whether this micronutrient 
is important to bone health or not.

Nonetheless it our view that until more definitive research is 
forthcoming, more careful consideration of the probable role of 
vitamin K in bone metabolic processes and bone mass preservation 
and maintenance may well help to reduce both the prevalence and 
severity of hip fractures due to osteoporosis among the elderly, 
if this micronutrient is deficient. Indeed, based on this current 
mini-review, and in agreement with the fact that vitamin K does 
impact diverse actions that can promote osteoblast function as 
well as bone matrix, bone architecture, and bone mineral density, 
it is likely its routine assessment and supplementation as indicated 
among older vulnerable adults as well as those who have sustained 
a hip bone fragility fracture may yet serve a favorable protective 
role against excess bone attrition that can surely cause extreme 
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and devastating levels of morbidity, if for example, a hip fracture 
injury is too challenging to treat surgically, and a state of fracture 
non union ensues, particularly among those older adults with 
cardiovascular health conditions who may require anti-coagulants 
to block vitamin K coagulation processes. 

Moreover, even if not considered by some to be relevant in 
efforts to address hip fracture recovery rates and extent, vitamin K 
play yet play a vital role in fostering optimal bone healing with less 
pain and future risk of subsequent fractures after any prevailing 
fracture or fracture surgery, especially among those elderly unable 
to utilize bone building pharmacologic medications and who are 
malnourished and have chronic cardiovascular health challenges.

In this regard, we conclude that not only are future research 
studies strongly warranted, but may prove highly insightful if these: 
a) attempt to reproduce some of the key basic and clinical studies 
that have emerged over the past 25 years, b) compare attributes 
of supportive versus unsupportive observations, and c) examine 
the possible role vitamin K might play in mediating or moderating 
bone health via its possible synergistic impact on vitamin D and 
calcium metabolism. 
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