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Popular scientific summary

clotting, bone metabolism and calcification.

* Vitamin K is a fat-soluble vitamin and includes two forms, phylloquinone (vitamin K1) and men-
aquinones (vitamin K2), of which phylloquinone is considered the main form in Western diets.

* Dietary sources of phylloquinone include leafy green vegetables, and certain vegetable oils.

* Vitamin K is essential for activation of vitamin K dependent proteins which are involved in blood

* Vitamin K deficiency can cause bleeding and haemorrhage.
» The current evidence for preventive effects on chronic diseases is limited.

Abstract

Vitamin K occurs in dietary supply in two major forms: phylloquinone (vitamin K1) and menaquinones (col-
lectively referred as vitamin K2). Phylloquinone is derived from plants. There are at least 10 forms of men-
aquinones varying in chain length and they are produced by bacteria except menaquinone-4. Menaquinone-4
is formed from phylloquinone or other menaquinone forms. Phylloquinone is considered to be the major
contributor and menaquinones are thought to contribute less to vitamin K intake in Western diets. However,
less is known about the content of menaquinones than phylloquinones in foods.

Vitamin K is known to function as an enzymatic cofactor in the gamma-carboxylation of vitamin K depen-
dent proteins (VKDPs). Hepatic VKDPs are involved in coagulation. Extrahepatic VKDPs have a role e.g. in
bone health and vascular calcification. However, the amount of vitamin K needed for optimal functioning of

the different VKDPs is not known.

Keywords: vitamin K; phylloquinone; menaquinone; dietary recommendations

Received: 9 July 2021; Revised: 9 February 2022; Accepted: 27 September 2023; Published: 23 October 2023

itamin K is the collective term for lipid-soluble

compounds with vitamin K activity and hav-

ing the common 2-methyl-1,4-naphtoquinone
ring structure. Vitamin K occurs naturally in two
forms: phylloquinone, or vitamin K1 (2-methyl-3-
phytyl-1,4-naphtoquinone) and menaquinones, or
collectively referred as vitamin K2 (multi-isoprenylqui-
nones, several species). Phylloquinone is synthesised
by plants, while the menaquinones are produced by
bacteria except menaquinone-4. Menaquinone-4 is
formed from phylloquinone or other menaquinone
forms. Phylloquinone has been thought to be the major
dietary form of vitamin K; however, the estimation of

dietary intake of menaquinones is challenging as the
food composition databases have limited information
on menaquinone contents.

All forms of vitamin K function as an enzymatic cofac-
tor in the gamma-carboxylation of vitamin K dependent
proteins (VKDPs). There are several VKDPs of which
the hepatic proteins needed in coagulation were first iden-
tified and later extrahepatic VKDPs involved in bone
metabolism, calcification and other functions have been
identified. The aim of this scoping review is to describe
the totality of evidence for the role of vitamin K for
health-related outcomes as a basis for setting and updat-
ing dietary reference values (DRVs) (Box 1).
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Box 1. NNR2023 scoping reviews.

* This paper is one of many scoping reviews
commissioned as part of the Nordic Nutrition
Recommendations 2023 (NNR2023) project (1).

» The papers are included in the extended NNR2023
report but, for transparency, these scoping reviews
are also published in Food & Nutrition Research.

» The scoping reviews have been peer reviewed by
independent experts in the research field according
to the standard procedures of the journal.

* The scoping reviews have also been subjected to
public consultations (see report to be published by
the NNR2023 project).

* The NNR2023 committee has served as the editorial
board.

* While these papers are a main fundament, the
NNR2023 committee has the sole responsibility
for setting dietary reference values in the NNR2023
project.

Methods

The review on vitamin K follows the protocol developed
within the NNR2023 project (1). The sources of evidence
used in the review follow the eligibility criteria described
in the paper ‘The Nordic Nutrition Recommendations
2022 — Principles and methodologies’ (2).

The literature search contained the following terms
(((“vitamin k’[MeSH Terms] OR ‘vitamin k’[Title]) AND
(((C2011’[PDAT] : ‘3000’[PDAT]) AND Humans|[Filter])
AND (review[Publication Type] OR systematic review|-
Publication Type] OR meta-analysis[Publication Type))))
AND ((Diet OR Dietary OR Food OR Nutrition OR
Nutritional)). The search was conducted on 29.6.2021
using PubMed. The search yielded 237 articles, out
of which 68 articles were selected to be read fully.
Furthermore, European Food Safety Authority (EFSA)
has published a review on vitamin K for setting up DRVs
in 2017 (3). There were no de novo NNR2023 systematic
reviews (SRs) or qualified SRs available for the topic.

Physiology

Vitamin K is absorbed mainly in the small intestine
through the pathway common to most dietary lipids (4).
Absorption of phylloquinone is highly variable, with
80% of purified phylloquinone from supplements, but
considerably less (3-50% of that absorbed from supple-
ments) from plant foods (3). Absorption is dependent on
food matrix and accompanying meal. Most importantly,
absorption is enhanced by concomitant intake of dietary
fat. Less is known about the absorption of dietary men-
aquinones than that of phylloquinone (5). Little is known
about the absorption of menaquinones produced by
gut bacteria in the large intestine. Absorbed vitamin K
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is transported by chylomicrons in the lymph and is pri-
marily taken up in the liver (4). Vitamin K is bound to
lipoproteins in the blood, the main carrier of phylloqui-
none being triglyceride rich lipoproteins. Phylloquinone
is relatively short-lived in the blood compared to most
menaquinones. Vitamin K is primarily stored in adipose
tissue, but the total body pool of vitamin K is relatively
low compared to other fat-soluble vitamins. Besides the
liver, vitamin K can be detected in other organs such as
heart and pancreas (3, 6).

The primary physiological role of vitamin K is post-
translational activation of VKDPs. The best studied are
the coagulation proteins that are crucial to homeostasis.
Vitamin K (in the form of vitamin K hydroquinone) is a
necessary co-factor for gamma-carboxylation of VKDPs
by the enzyme gamma-glutamyl carboxylase (GGCX).
Vitamin K hydroquinone becomes oxidized to vitamin K
epoxide that needs to be reduced to vitamin K quinone by
the enzyme vitamin K epoxide reductase (VKOR). VKOR
is thus important to recycling of vitamin K (known as
the vitamin K cycle; see Fig. 1) and has been shown to
be crucial for the function of coagulation factors and
homeostasis.

Bleeding due to insufficient dietary intake of vita-
min K is extremely rare in otherwise healthy individ-
uals. Vitamin K transport across the placenta is poor
and vitamin K content is low in breast milk. Bleeding
episodes due to vitamin K deficiency in new-born
infants, especially those born prematurely, were not
rare before implementation of vitamin K prophylaxis
in new-borns.

Vitamin K is suggested to have a possible role in the
prevention of several age-related processes such as pro-
gression of bone loss and vascular calcification (7).
Vitamin K may have a role in progression of vascular cal-
cification. The possible mechanism is activation of gam-
ma-carboxyglutamic protein (MGP), which is dependent
on vitamin K.

Generally, little is known about differences between the
different vitamin K forms with regard to their physiolog-
ical functions. It is not clear whether menaquinones are
more effective than phylloquinone in terms of their capac-
ity for carboxylation (activation) of VKDPs (8).

There are many potential sources of individual vari-
ation in metabolism of vitamin K. They include genetic
variation in various biochemical pathways, of which the
best established is a genetic variant in the VKOR encod-
ing gene that renders carriers more sensitive to low dietary
intake of vitamin K (4, 9) (Fig. 1). Individual variation in
the gut microbiota could also cause variation in gut bac-
terial production of menaquinones, but it is not known
to what extent gut bacterial production plays a role in
human physiology and health. Finally, there are specific
drugs that antagonize VKOR function, the best known
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Fig. 1. The vitamin K cycle.

example being a type of anticoagulants (e.g. warfarin and
phenprocoumon).

Assessment of nutrient status

There are several biomarkers that reflect vitamin K
intake; however, none are considered sufficient to be used
alone (10, 11).

Serum concentration of phylloquinone is a short-term
marker of phylloquinone intake, and it is the most fre-
quently used marker for vitamin K status (3, 10-12). Serum
phylloquinone concentration responds to dietary changes.
Samples for measurement should be collected after fasting
and the results should be adjusted for serum triglycerides,
as phylloquinone is transported in triglyceride-rich lipopro-
teins (10). Even though there are suggestions for a thresh-
old, there is no consensus on what serum phylloquinone
concentration would indicate adequate intake (10, 11).

Menaquinones are not typically detected in circulation
in individuals consuming a Western diet, unless menaqui-
none supplements are taken (10, 11). The clinical signifi-
cance of measurement of serum menaquinones remains
unknown.

Indirect methods to assess vitamin K status include
coagulation assays, undercarboxylated VKDPs and uri-
nary vitamin K metabolites. Global coagulation assays
(prothrombin time and partial thromboplastin time) are
not sensitive markers of vitamin K intake within the
range of typical dietary intakes (11). Furthermore, they
are not specific to vitamin K intakes as different diseases
can affect their levels.

Vitamin K is needed for carboxylation of hepatic and extra-
hepatic proteins. Therefore, low intake of vitamin K could
increase the proportion of undercarboxylated (inactive) forms
of these proteins. Undercarboxylated prothrombin (protein
induced by vitamin K absence/antagonism, PIVKA-II) is
measurable in circulation and responds to dietary changes in
vitamin K intake. Osteocalcin (OC) is a VKDP synthesized
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in bone. Vitamin K depletion increases the undercarbox-
ylated fraction of OC (ucOC) in serum. ucOC should be
expressed as the proportion of total OC. Both PIVKA-II
and ucOC are suggested to be used as indicators of vitamin
K status (10, 11). MGP is vitamin K-dependent protein that
has a function in inhibiting calcification in the vascular tissue
and cartilage. There are multiple isoforms of ucMGP and it
is suggested that defosforylated-ucMGP increases with vita-
min K deficiency (8, 13). ucMGP should also be expressed as
fraction of total MGP. There is experimental evidence from
human studies that levels of the undercarboxylated VKDPs
(ucOC, ucMGP, and PIVKA-II) decrease after vitamin K
supplementation (3). Thus, undercarboxylated VKDPs hold
potential for use as biomarkers of vitamin K status and esti-
mation of DRVs. However, it is generally agreed that more
research is needed, e.g. on dose-response, optimal level of
gamma-carboxylation, relationships with health outcomes
and what biomarker to choose.

There are also urinary markers of vitamin K intake
and metabolism (10, 11). Gamma-carboxyglutamic acid
is produced in turnover of VKDPs and it is excreted to
urine. Five carbon and seven carbon aglycone metabolites
are produced in vitamin K catabolism. Menadione is an
intermediate product when phylloquinone is converted to
menaquinone-4. Menadione is also detectable in urine. All
these urinary markers are suggested to respond to dietary
changes in vitamin K intake. However, data are limited and
clinical significance unknown. Further limitation is that
reliable measurement would need 24 h urine collection.

Dietary intake in Nordic and Baltic countries

Phylloquinone is plant-based and its sources include leafy
green vegetables, and certain vegetable oils (soybean,
canola/rapeseed and olive oils) and fat spreads made from
the oils (3, 14-16). Menaquinones-5 through -13 have a
bacterial origin and their main sources include fermented
foods, meat and dairy products. Menaquinone-4 is
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formed from phylloquinone or other menaquinone forms
(17). Dietary sources of menaquinone-4 include meat and
dairy products. Phylloquinone is generally regarded as
the predominant form of vitamin K in the Western diets;
however, the limited knowledge on menaquinone contents
in foods complicates the dietary intake assessment (3).

There is very little up-to-date information on vitamin K
intake from nationally representative samples in Nordic and
Baltic countries. Furthermore, data for different age groups
is very limited. Intake of total vitamin K (phylloquinone
and menaquinones) is estimated to be 115 pg/d in adult
men and 110 pg/d in adult women in Finland (18). The total
vitamin K intake is estimated to be 286 pg/d in adult men
and women in Latvia (19). Both studies evaluated dietary
intake using two 24 h recalls. In Sweden, based on a market
basket study, the availability of vitamin K (phylloquinone +
menaquinone-4) was estimated to be 184 pg/d (20). Earlier
data on vitamin K intakes in Nordic and Baltic countries has
been reviewed by EFSA (3). Results on dietary intake should
be interpreted cautiously as food composition databases may
have limitations and vitamin K content data mostly include
only phylloquinone, not menaquinones (14, 16). In addi-
tion, the relative bioavailability of different forms of vitamin
K is poorly known and limits the interpretation of summed
intakes of different vitamin K forms.

EFSA recommends that an adequate intake of phyllo-
quinone is 1 pg/kg body weight per day for all age and sex
population groups (3). That corresponds to 70 pg/day for
all adults. Adequate intake of vitamin K is set to 90 ug/d
in adult women and 120 pg/d in adult men by Food and
Nutrition Board at the National Academies of Sciences,
Engineering, and Medicine (NASEM, previously Institute
of Medicine) in the USA (21).

Health outcomes relevant for Nordic and Baltic
countries

Deficiencies

Bleeding and haemorrhage are the classic signs of vitamin
K deficiency affecting coagulation. Vitamin K deficiency in
adults is rare and usually limited to people with malabsorp-
tion disorders or those taking drugs, e.g. vitamin K antago-
nists, which interfere with vitamin K metabolism (11).

In infants, vitamin K deficiency can develop and factors
that contribute to it include poor placental transfer, low
vitamin K content in breast milk, low activity of enzymes
in vitamin K cycle and poor intestinal absorption (22). The
syndrome is known as vitamin K deficiency in new-borns.

Toxicities

No toxic effects have been reported. High doses (45-90
mg/d) of menaquinone-4 have resulted in adverse effects
including gastrointestinal disorders and skin lesions in
some studies; however, the effects were thought not to be
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serious (23, 24). Menaquinone-7 has been evaluated to
be safe when ingested as a dietary supplement with doses
ranging from approximately 50 ug/d up to 600 ug/d (15).
Revision of tolerable upper intake level (UL) for vitamin
K was not part of the opinion by EFSA panel (3), and
previously Scientific Committee on Food concluded that
the evidence is too limited to set an UL (25).

Cardiovascular diseases

Vitamin K’s potential preventive effect against vascular
calcification is believed to at least partly be mediated via
vitamin K dependent activation of MGP. Meta-analyses
of observational studies found that low vitamin K status is
associated with higher risk of cardiovascular disease and
mortality (26). Although observational studies may be
able to provide evidence of long-term effects on incidence
of CVD, they may be prone to biases, e.g. confounding
and inaccurate assessment of vitamin K status/intake.

A limited number of randomized controlled trials
(RCTs) of the effect of vitamin K supplementation on
CVD risk have been performed, primarily in high-risk
populations, e.g. chronic kidney disease patients, using
intermediate CVD endpoints such as arterial stiffness
and vascular calcification. To date, results have been
conflicting, which may be due to variation in form and
dose of vitamin K, length of intervention period, and
outcome measures (27). Some benefit has been indicated
in subgroups with existing calcification at baseline.

At this point, the preventive effect of vitamin K on
CVD is uncertain, and there is a need for more RCTs with
sufficient power, duration and follow-up in both low and
high-risk populations.

Type 2 diabetes

Although observational studies have found that low
vitamin K status tends to associate with biomarkers of
impaired glucose regulation, caution should be exercised
as many co-morbidities and lifestyles could confound these
associations. Systematic reviews of RCTs in humans assess-
ing the effects of vitamin K supplementation on various
glucose and insulin sensitivity indices have not consistently
confirmed a beneficial effect of vitamin K (28, 29). More
RCTs are needed to investigate the possible effects of vita-
min K on glucose homeostasis in both healthy and diabetic
individuals before conclusions can be drawn.

Cancers
Vitamin K is suggested to have anticancer effects; how-
ever, evidence is limited to cell studies (30).

Osteoporosis

A meta-analysis of observational studies suggested
that higher dietary phylloquinone intake could mod-
estly reduce the risk of fractures (31). A meta-analysis
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of RCTs reported the effect of phylloquinone and
menaquinone supplements (doses ranged from
100 pg to 45 mg daily) on bone mineral density and frac-
ture risk (32). Vitamin K supplementation appeared to
have little effect on bone mineral density in postmeno-
pausal or osteoporotic patients. A small reduction in the
risk of clinical fractures was reported with no effect on
vertebral fracture. More research is needed as many
studies are conducted in postmenopausal women lim-
iting the generalizability of the results, and many trials
are rated as having high risk of bias. Of note is that
some initial Japanese studies showing protective effects
have been retracted (33, 34).

Other health outcomes

Vitamin K is suggested to have a role in brain function
(35) and lung diseases (36). However, there is very limited
evidence to support effects of vitamin K on these health
outcomes.

Requirement and recommended intakes

Main findings

Vitamin K is known to function as an enzymatic
cofactor in the gamma-carboxylation of VKDPs.
However, the amount of vitamin K needed for opti-
mal functioning of the different VKDPs is not
known. There are several limitations in the knowledge
regarding vitamin K which hinder the setting of DRV
for vitamin K.

Recommendations
For prevention of vitamin K deficiency bleeding, all
new-born infants should receive vitamin K prophy-
laxis; intramuscular administration is suggested to be
recommendable even though evidence is of low quality
(37).

In NNR 2012, a provisional recommended intake of
1 pg phylloquinone/kg body weight per day was given
for both children and adults. Similar recommendation
on adequate intake of phylloquinone has been set by the
EFSA (3).

There is limited data available on the need of vitamin
K during pregnancy and lactation and health outcomes
during pregnancy (3, 38).

Limitations of the scoping review

There were no qualified SRs available for vitamin K. In
addition, the number of SRs and meta-analysis is limited,
and they cover mostly cardiovascular and bone-related
outcomes. Evidence on different health outcomes still
relies a lot on observational studies and more high quality
RCTs are needed. Studies on vitamin K include mostly
adult or older participants.
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Data gaps for future research

More knowledge is needed in order to give more
evidence-based recommendations for vitamin K intake.
More research is needed on the absorption, metabolism,
storage and functions of the various forms of vitamin K
(and their differences) including the possible role of men-
aquinones produced by the gut microbiota. Development
and validation of biomarkers of vitamin K status and
functions are important both for improving our knowl-
edge of functions of vitamin K and potentially deriving
cut-offs for requirements.

Food composition databases generally do not contain
precise data on vitamin K contents of all foods, particu-
larly for menaquinones data are lacking. More complete
food composition data are required for better assessment
of vitamin K intakes in populations and the long-term
health effects of vitamin K intake in observational epi-
demiological studies. It is important to note that many
suggested associations between vitamin K and disease
outcomes are based on observational studies and ulti-
mately intervention studies in humans are needed to con-
firm claimed novel health effects of vitamin K beyond
coagulation. Unfortunately, this is a long-term effort
involving large study populations assessing incidence of
disease or their accepted intermediate objective markers.
Finally, studies on genetic variation of vitamin K metabo-
lism and effects could contribute to our understanding of
the functions and variation in requirements of vitamin K.

References

1. Blomhoff R, Andersen R, Arnesen EK, Christensen JJ, Eneroth
H, Erkkola M, et al. Nordic Nutrition Recommendations 2023.
Copenhagen: Nordic Council of Ministers; 2023. doi: 10.6027/
nord2023-003

2. Christensen JJ, Arnesen EK, Andersen R, Eneroth H, Erkkola
M, Hoyer A, et al. The Nordic Nutrition Recommendations
2022 — principles and methodologies. Food Nutr Res 2020; 64:
4402. doi: 10.29219/fnr.v64.4402

3. EFSA Panel on Dietetic Products, Nutrition and Allergies
(NDA), Turck D, Bresson J, Burlingame B, Dean T, Fairweather-
Tait S, et al. Dietary reference values for vitamin K. EFSA J
2017; 15(5): €04780. doi: 10.2903/j.efsa.2017.4780

4. Shearer MJ, Newman P. Recent trends in the metabolism and
cell biology of vitamin K with special reference to vitamin K
cycling and MK-4 biosynthesis. J Lipid Res 2014; 55(3): 345-62.
doi: 10.1194/j1r.R045559

5. Beulens JW, Booth SL, van den Heuvel EG, Stoecklin E, Baka
A, Vermeer C. The role of menaquinones (vitamin K,) in
human health. Br J Nutr 2013; 110(8): 1357-68. doi: 10.1017/
S0007114513001013

6. Shea MK, Booth SL, Gundberg CM, Peterson JW, Waddell
C, Dawson-Hughes B, et al. Adulthood obesity is positively
associated with adipose tissue concentrations of vitamin K and
inversely associated with circulating indicators of vitamin K
status in men and women. J Nutr 2010; 140(5): 1029-34. doi:
10.3945/jn.109.118380

7. Willems BA, Vermeer C, Reutelingsperger CP, Schurgers LJ.
The realm of vitamin K dependent proteins: shifting from

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v67.10260
https://doi.org/10.6027/nord2023-003
https://doi.org/10.6027/nord2023-003
https://doi.org/10.29219/fnr.v64.4402
https://doi.org/10.2903/j.efsa.2017.4780
https://doi.org/10.1194/jlr.R045559
https://doi.org/10.1017/S0007114513001013
https://doi.org/10.1017/S0007114513001013
https://doi.org/10.3945/jn.109.118380

Arja Lyytinen and Allan Linneberg

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

coagulation toward calcification. Mol Nutr Food Res 2014;
58(8): 1620-35. doi: 10.1002/mnfr.201300743

. Shea MK, Berkner KL, Ferland G, Fu X, Holden RM,

Booth SL. Perspective: evidence before enthusiasm — a critical
review of the potential cardiovascular benefits of vitamin K.
Adv Nutr 2021; 12(3): 632-46. doi: 10.1093/advances/
nmab004

. Shearer MJ, Okano T. Key pathways and regulators of vita-

min K function and intermediary metabolism. Annu Rev Nutr
2018; 38(1): 127-51. doi: 10.1146/annurev-nutr-082117-051741
Shea MK, Booth SL. Concepts and controversies in evaluating
vitamin K status in population-based studies. Nutrients 2016;
8(1): 8. doi: 10.3390/nu8010008

Card DJ, Gorska R, Harrington DJ. Laboratory assessment of
vitamin K status. J Clin Pathol 2020; 73(2): 70-5. doi: 10.1136/
jelinpath-2019-205997

Fusaro M, Gallieni M, Rizzo MA, Stucchi A, Delanaye P,
Cavalier E, et al. Vitamin K plasma levels determination in
human health. Clin Chem Lab Med 2017; 55(6): 789-99. doi:
10.1515/cclm-2016-0783

Cranenburg EC, Koos R, Schurgers LJ, Magdeleyns EJ,
Schoonbrood TH, Landewé RB, et al. Characterisation and
potential diagnostic value of circulating matrix Gla protein
(MGP) species. Thromb Haemost 2010; 104(4): 811-22. doi:
10.1160/TH09-11-0786

Walther B, Karl JP, Booth SL, Boyaval P. Menaquinones, bac-
teria, and the food supply: the relevance of dairy and fermented
food products to vitamin K requirements. Adv Nutr 2013; 4(4):
463-73. doi: 10.3945/an.113.003855

Marles RJ, Roe AL, Oketch-Rabah H. US Pharmacopeial
Convention safety evaluation of menaquinone-7, a form of
vitamin K. Nutr Rev 2017; 75(7): 553-78. doi: 10.1093/nutrit/
nux022

Palmer CR, Blekkenhorst LC, Lewis JR, Ward NC, Schultz
CJ, Hodgson JM, et al. Quantifying dietary vitamin K and its
link to cardiovascular health: a narrative review. Food Funct.
2020;11(4):2826-37. doi: 10.1039/C9F002321F

Ellis JL, Fu X, Karl JP, Hernandez CJ, Mason JB, DeBose-Boyd
R, et al. Multiple dietary vitamin K forms are converted to tis-
sue menaquinone-4 in mice. J Nutr 2022; 152(4): 981-93. doi:
10.1093/jn/nxab332

Valsta L, Kaartinen N, Tapanainen H, Ménnisto S, Saaksjarvi
K, eds. Ravitsemus Suomessa — FinRavinto 2017 -tutkimus.
Helsinki: Terveyden ja hyvinvoinnin laitos (THL); 2018.

Siksna I, Lazda I, Goldmanis M. Study of salt and iodine con-
sumption in the adult population in Latvia. Riga: Institute for
food Safety, Animal Health and Environment; 2020.
Livsmedelsverket. Swedish Market Basket Survey 2015.
Uppsala: Livsmedelsverket; 2017.

Institute of Medicine. Dietary reference intakes for vitamin
A, vitamin K, arsenic, boron, chromium, copper, iodine, iron,
manganese, molybdenum, nickel, silicon, vanadium, and zinc.
Washington, DC: National Academy Press; 2001.

Araki S, Shirahata A. Vitamin K deficiency bleeding in infancy.
Nutrients 2020; 12(3): 780. doi: 10.3390/nul12030780

Huang Z, Wan S, Lu Y, Ning L, Liu C, Fan S. Does vitamin
K2 play a role in the prevention and treatment of osteoporo-
sis for postmenopausal women: a meta-analysis of randomized
controlled trials. Osteoporosis Int 2015; 26(3): 1175-86. doi:
10.1007/s00198-014-2989-6

Su S, He N, Men P, Song C, Zhai S. The efficacy and safety
of menatetrenone in the management of osteoporosis: a sys-
tematic review and meta-analysis of randomized controlled

(page number not for citation purpose)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

trials. Osteoporos Int 2019; 30(6): 1175-86. doi: 10.1007/
$00198-019-04853-7

Scientific Committee on Food. Opinion of the Scientific Committee
on food on the tolerable upper intake level of vitamin K. SCF/CS/
NUT/UPPLEV/32 final, 12. European Commission, Brussels:
Health & Consumer Protection Directorate-General; 2003.

Zhang S, Guo L, Bu C. Vitamin K status and cardiovascular
events or mortality: a meta-analysis. Eur J Prev Cardiol 2019;
26(5): 549-53. doi: 10.1177/2047487318808066

Vlasschaert C, Goss CJ, Pilkey NG, McKeown S, Holden RM.
Vitamin K supplementation for the prevention of cardiovascular
disease: where is the evidence? A systematic review of controlled
trials. Nutrients 2020; 12(10): 2909. doi: 10.3390/nu12102909
Karamzad N, Maleki V, Carson-Chahhoud K, Azizi S, Sahebkar
A, Gargari BP. A systematic review on the mechanisms of vita-
min K effects on the complications of diabetes and pre-diabetes.
Biofactors 2020; 46(1): 21-37. doi: 10.1002/biof.1569
Shahdadian F, Mohammadi H, Rouhani MH. Effect of vitamin
K supplementation on glycemic control: a systematic review and
meta-analysis of clinical trials. Horm Metab Res 2018; 50(3):
227-35. doi: 10.1055/s-0044-100616

Ivanova D, Zhelev Z, Getsov P, Nikolova B, Aoki I, Higashi T,
et al. Vitamin K: redox-modulation, prevention of mitochon-
drial dysfunction and anticancer effect. Redox Biol 2018; 16:
352-8. doi: 10.1016/j.redox.2018.03.013

Hao G, Zhang B, GuM, Chen C, Zhang Q,Zhang G, etal. Vitamin
K intake and the risk of fractures: a meta-analysis. Medicine
2017; 96(17): €6725. doi: 10.1097/MD.0000000000006725

Mott A, Bradley T, Wright K, Cockayne ES, Shearer MJ,
Adamson J, et al. Effect of vitamin K on bone mineral den-
sity and fractures in adults: an updated systematic review and
meta-analysis of randomised controlled trials. Osteoporosis Int
2019; 30(8): 1543-59. doi: 10.1007/s00198-019-04949-0

Avenell A, Grey A, Gamble GD, Bolland MJ. Concerns about
the integrity of the Yamaguchi osteoporosis prevention study
(YOPS) report. Am J Med 2004; 117: 549-55. Am J Med 2020;
133(6): e311-14. doi: 10.1016/j.amjmed.2020.02.007

Bolland MJ, Avenell A, Gamble GD, Grey A. Systematic review
and statistical analysis of the integrity of 33 randomized con-
trolled trials. Neurology 2016; 87(23): 2391-402. doi: 10.1212/
WNL.0000000000003387

Ferland G. Vitamin K and the nervous system: an overview of its
actions. Adv Nutr 2012; 3(2): 204—12. doi: 10.3945/an.111.001784
Piscaer I, Wouters EFM, Vermeer C, Janssens W, Franssen
FME, Janssen R. Vitamin K deficiency: the linking pin between
COPD and cardiovascular diseases? Respir Res 2017; 18(1): 189.
doi: 10.1186/812931-017-0673-z

Sankar MJ, Chandrasekaran A, Kumar P, Thukral A, Agarwal
R, Paul VK. Vitamin K prophylaxis for prevention of vitamin
K deficiency bleeding: a systematic review. J Perinatol 2016;
36(Suppl 1): S29-35. doi: 10.1038/jp.2016.30

Shahrook S, Ota E, Hanada N, Sawada K, Mori R. Vitamin K
supplementation during pregnancy for improving outcomes: a
systematic review and meta-analysis. Sci Rep 2018; 8(1): 11459.
doi: 10.1038/s41598-018-29616-y

*Arja Lyytinen

Institute of Public Health and Clinical Nutrition
University of Eastern Finland

Kuopio, Finland

Email: arja.lyytinen@uef.fi

Citation: Food & Nutrition Research 2023, 67: 10260 - http://dx.doi.org/10.29219/fnrv67.10260


http://dx.doi.org/10.29219/fnr.v67.10260
https://doi.org/10.1002/mnfr.201300743
https://doi.org/10.1093/advances/nmab004
https://doi.org/10.1093/advances/nmab004
https://doi.org/10.1146/annurev-nutr-082117-051741
https://doi.org/10.3390/nu8010008
https://doi.org/10.1136/jclinpath-2019-205997
https://doi.org/10.1136/jclinpath-2019-205997
https://doi.org/10.1515/cclm-2016-0783
https://doi.org/10.1160/TH09-11-0786
https://doi.org/10.3945/an.113.003855
https://doi.org/10.1093/nutrit/nux022
https://doi.org/10.1093/nutrit/nux022
https://doi.org/10.1039/C9FO02321F
https://doi.org/10.1093/jn/nxab332
https://doi.org/10.3390/nu12030780
https://doi.org/10.1007/s00198-014-2989-6
https://doi.org/10.1007/s00198-019-04853-7
https://doi.org/10.1007/s00198-019-04853-7
https://doi.org/10.1177/2047487318808066
https://doi.org/10.3390/nu12102909
https://doi.org/10.1002/biof.1569
https://doi.org/10.1055/s-0044-100616
https://doi.org/10.1016/j.redox.2018.03.013
https://doi.org/10.1097/MD.0000000000006725
https://doi.org/10.1007/s00198-019-04949-0
https://doi.org/10.1016/j.amjmed.2020.02.007
https://doi.org/10.1212/WNL.0000000000003387
https://doi.org/10.1212/WNL.0000000000003387
https://doi.org/10.3945/an.111.001784
https://doi.org/10.1186/s12931-017-0673-z
https://doi.org/10.1038/jp.2016.30
https://doi.org/10.1038/s41598-018-29616-y
mailto:arja.lyytinen@uef.fi

