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Abstract 

   Generally, Vitamins are a number of chemically unrelated families of organic substances that 
cannot be synthesized by humans but need to be ingested in the diet in small quantities to pre-
vent disorders of metabolism. They are divided into water-soluble and fat-soluble vitamins. Vit-
amin K is a group of structurally similar, fat-soluble vitamins found in foods and in dietary sup-
plements. The human body requires vitamin K for complete synthesis of certain proteins that are 
needed for blood coagulation or for controlling binding of calcium in bones and other tissues.\ 

      Key words: Vitamin K, Medical importance, Safety, Over-dose
Introduction 

   Vitamins are a number of chemically unre-
lated families of organic substances that 
cannot be synthesized by humans but need 
to be ingested in the diet in small quantities 
to prevent disorders of metabolism. They are 
divided into water-soluble and fat-soluble 
vitamins (Tab.1). More than 50 years ago, 
Henrik Dam of Denmark discovered an "an-
ti-hemorrhagic factor" that was capable of 
reversing dietary-induced bleeding disorders 
in chicks (Dam, 1935). The name "K" comes 
from the German/Danish word koagulations 
vitamin or clotting vitamin (Vermeer and 
Schurgers, 2000). In 1930, vitamin K was fi-
rst isolated by Doisy and his colleagues and 
by Dam from alfalfa sprouts (Dam et al, 
1939). When chromatographic techniques 
were used, the mainstay of vitamin K isolat-
ion was through using chick bioassay (Ma-
tschiner and Doisy, 1966). 
   Sources: Dietary vitamin K1 (phylloquin- 
ones) is found in green vegetables like spin-
ach and broccoli. Gut micro-flora synthesiz-
es vitamin K2 (menaquinone), which provi-
des a portion of the dietary requirement of 
vitamin K (Furie et al, 1999). The various 
forms of vitamin K2 (MK-4, MK-7, MK-10) 
are mainly synthesized by bacteria, especial-
ly in nutrient products as natto and yogurt 
(Knapen et al, 2015).   
   Chemistry: Vitamin K and its derivatives 
contain a 2-methyl-1, 4, napthoquinone nuc- 
  leus with a lipophilic side chain (Fig. 1). 

 
Review, Discussion and Conclusion 
   Metabolism: Vitamin K absorption requ-
ires intact pancreatic & biliary function and 
fat absorptive mechanisms. Dietary vitamin 
K is protein-bound liberated by the proteo-
lytic action of pancreatic enzymes in the 
small intestine. Bile salts then solubilize 
vitamin K into micelles for absorption into 
enterocytes, where it was incorporated into 
the chylomicrons, thereby facilitating ab-
sorption into the intestinal lymphatics and 
portal circulation for transport to the liver 
(Shearer, 1995). 
  Actions: Vitamin K has a major role in co-
agulation pathways because it is a cofactor 
required for the activity of several key pro-
teins containing carboxyglutamic acid resid- 
ues (Suttie, 2013). In humans, vitamin K fu-
nctions as a cofactor for the endoplasmic en-

-glutamylcarboxylase involved in a 
unique posttranslational carboxylation react-
ion, in which glutamate residues on various 
proteins are converted into - carboxygl- 
utamate (Gla). This reaction occurs during 
the last stages of protein synthesis. The resu-
lting Gla residues are characteristic of a lim-
ited number of proteins found in liver, bone, 
and blood vessels (Shearer et al, 2012). The 
known functional properties of this enzyme 
include: A carboxylase active site an epoxid-
ase active site A propeptide binding site that 
allows substrate to attach and shares sequen-
ce similarity with propeptide of the carboxy- 
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lase substrate (Lin et al, 2002). A propeptide 
binding site stimulated the carboxylase and 
epoxidase activity a glutamate binding site 
(Mutucumarana et al, 2003). 
   Several other proteins within human body 
(e.g., osteocalcin) also contain carboxyglu-
tamate residues and depend upon vitamin K 
for their activity (Hamidi et al, 2013).  
   Coagulation pathway: Vitamin K is essen-
tial for the activity of several carboxylase 
enzymes within the hepatic cells, and there-
fore is necessary for the activation of coagu-
lation factors VII, IX, X, and prothrombin. 
These factors contain carboxyglutamic acid, 
which is carboxylated by gamma-glutamyl 
carboxylase, an endoplasmic enzyme found 
in mammalian cells. Vitamin K is the active 
coenzyme in this process, providing energy 
for the reaction through oxidation (Furie and 
Furie, 1990). After carboxylation, these pro-
teins gain affinity for the negatively charged 
phospholipids on the surface of platelets and 
promote coagulation (Davie, 1995). 
   Antithrombotic effects of proteins C and 
S: Vitamin K-dependent proteins concentra-
ted by the ordinary barium citrate adsorption 
were first separated into four fractions, frac-
tions A, B, C, and D, by DEAE-Sephadex 
A-50 chromatography. From the pooled fra-
ction A, protein S, factor IX, and prothrom-
bin were purified by column chromatogra- 
phy on Blue-Sepharose CL-6B. Heparin-Se-
pharose chromatography of the pooled frac-
tion B provided mainly pure factor IX, in 
addition to the homogeneous prothrombin. 
A high degree of resolution of protein C and 
prothrombin from the pooled fraction C was 
obtained with a Blue-Sepharose column. 
This dye-ligand chromatographic procedure 
was also very effective for the separation of 
protein Z and factor X contained in pooled 
fraction D (Hashimoto, et al, 1985). Protein 
C, following its activation by thrombin, in-
activates factors Va and VIIIa, thus inhibit-
ing excess generation of thrombin (Taylor et 
al, 1992). Generally Protein C (PC) deficie-
ncy is a heritable or acquired risk factor for 
thrombophilia, with presentations variation 

from asymptomatic to venous thromboemb-
olism to neonatal purpura fulminans, a life-
threatening disorder. Hereditary PC deficie- 
ncy is caused by mutation in the PC (PROC) 
gene located on chromosome 2q14.3. Heter-
ozygous and acquired PC deficiencies are 
more common than homozygous deficiency 
(Dinarvand and Moser, 2019).  By monitor-
ing the activation of protein C and the regu-
lation of factor Xa-catalyzed thrombin for-
mation by the activated protein C (APC) on 
surface of human umbilical vein endothelial 
cells (HUVEC), functional protein C was sy-
nthesized in cultured HUVEC and expressed 
thereon in the presence of vitamin K indicat-
ing that blood coagulation was regulated by 
endogenously generated and activated prot-
ein C, together with or without protein S, via 
inactivation of factor Va on the surface of 
endothelial cells (Tanabe et al, 1991).  
   Mechanism of the coumarin-like family: 
Coumarin-like anticoagulants that were sim-
ilar in structure to vitamin K (Fig. 1), inter-
rupt the vitamin K dependent carboxylation 
cycle by blocking reduction of the inactive 
vitamin K 2,3 epoxide to the active form of 
the vitamin (Clark, 2018). Vitamin K admin-
istration is one of the methods used to re-
verse the effects of coumarin, and timely 
reversal of excessive anticoagulation is im-
portant in preventing bleeding complica-
tions. The use of vitamin K in correcting 
over-anticoagulation was widely accepted to 
be superior to discontinuation of therapy but 
its effectiveness and safety in large scale co-
hort studies was not been assessed (Denas et 
al, 2009). Also, low-dose oral vitamin K did 
not reduce bleeding in warfarin recipients 
with international normalized ratio (INRs) of 
4.5 to 10.0 and its effects on bleeding events 
were uncertain (Crowther et al, 2009). 
   However, since carboxylation of the coag-
ulation factors occurs in the liver, patients 
with severely impaired liver function do not 
respond well to vitamin K supplementation, 
and the coagulopathy is not as easily revers-
ed. In such cases, fresh frozen plasma and/or 
coagulant protein concentrates can be used 
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to restore coagulant activity (Larson et al, 
1981). The liver is an essential player in the 
pathway of coagulation in both primary and 
secondary hemostasis. If only von Willebra- 
nd factor (VWF) or blood glycoprotein invo-
lved in hemostasis was not synthetized by 
the liver, thus liver failure would be associ-
ated with impairment of coagulation. How-
ever, the delicate balance between pro and 
antithrombotic factors synthetised by the 
liver might be reset to a lower level in pa-
tients with chronic liver disease (Lisman et 
al, 2002). When end stage liver disease oc-
curs, liver transplantation is the only treat-
ment available, which can restore normal 
hemostasis, and correct genetic clotting de-
fects, such as haemophilia or factor V Leid- 
en mutation. During liver transplantation he-
morrhage may result from the pre-existing 
hypercoagulable state, the collateral circulat-
ion caused by portal hypertension and in-
creased fibrinolysis which occurs during this 
surgery (Senzolo et al, 2006). 
   Bone formation: Vitamin K is a cofactor 
for some proteins involved in bone minerali-
zation, including osteocalcin (bone Gla pro-
tein) and matrix Gla protein (Oliveira et al, 
2020). A vitamin K2 preparation (menatet- 
renone) is available in some countries for the 
treatment of osteoporosis. Generally, bone is 
a metabolically active tissue that renews it-
self throughout one's life and Cytokines 
along with several hormonal, nutritional, and 
growth factors were involved in tightly regu-
lated bone remodeling (Adams and Pepping, 
2005). Thus, prevention and treatment of os-
teoporosis consists of non-drug and drug or 
hormonal therapy (Rosen, 2005) Hirota and 
Hirota (2015) in Japan recommended higher 
calcium intake than 800mg/day from dairy 
and Tofu products, higher intake of vitamin 

n-
take of vitamin K from vegetables should be 
recommended in Japanese postmenopausal 
osteoporotic patients. Villa et al. (2017) in 
Brazil mentioned that the osteoporosis was a 
public health concern associated with an in-
creased risk of bone fractures and vascular 

calcification. They added that vitamin K 
showed unique benefits on these issues, alth-
ough understudied. The two main vitamin K 
forms are phylloquinone (vitamin K1) and 
menaquinone (vitamin K2).  Caliskan et al. 
(2017) reported that patients taking warfarin 
had more bleeding compared to patients tak-
ing direct oral anticoagulants after tooth ex-
tractions. They added that in patients taking 
direct oral anticoagulants simple tooth extr-
actions can be safely occurred, without alter-
ing the anticaogulant regimen with the use 
of local hemostatic agents. Multiple dietary 
components potentially affect osteocyte fun-
ction and therefore may have a synergistic 
effect on bone health when combined with a 
regime of physical activity. Akbari and Ra-
souli-Ghahroudi (2018) in Tehran reported 
that vitamin K exerted its anabolic effect on 
bone turnover in different ways such as pro-
moting osteoblast differentiation, upregulat-
ing transcription of specific genes in osteob-
lasts, and the activating bone-associated vit-
amin K dependent proteins that played criti-
cal roles in the extracellular bone matrix mi-
neralization. They added that there was also 
credible evidence to support the vitamin k2 
effects on the differentiation of other mesen-
chymal stem cells into osteoblast.  e- 
wicz et al. (2019) in the Netherlands in-vitro 
suggested that proliferation and differentia-
tion of human osteoblasts was strongly infl-
uenced by redox balance that altered in the 
hydroxyapatite-based bio-materials. ROS pr-
oduction and thus induced lipid peroxidation 
with 4-HNE generation might be important 
for the redox homeostasis of the growing os-
teoblasts, whereas vitamins D3 and/or K pr-
evented oxidative stress of osteoblasts caus-
ed by the biomaterials, thereby preventing 
their adverse effects on proliferation and os-
teoblasts differentiation. Simes et al. (2019) 
in Portugal found that vitamin K is a multif-
unctional micronutrient implicated in age-re-
lated diseases such as cardiovascular diseas 
es, osteoarthritis and osteoporosis. Although 
vitamin K-dependent proteins (VKDPs) ha-
ve a crucial role in the pathogenesis of these 
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diseases, novel roles have emerged for vita-
min K, independently of its role in VKDPs 
carboxylation. Vitamin K act as an anti-infl-
ammatory by suppressing nuclear factor-
(NF- the 
protective effect against oxidative stress by 
blocking the gene ration of reactive oxygen 
species (Fujii et al, 2015). Harshman and 
Shea (2016) indicated that a high vitamin K 
status can exert a protective role in inflam-
matory and mineralization processes associ-
ated with the onset and progression of age-
related diseases. They added that vitamin K 
involvement as a protective super-micronu-

highlighting its future use in clinical prac-
tice. This review summarized current clini-
cal knowledge regarding the vitamin K in 
the skeletal and cardiovascular health. 
   Deficiency: Clinical signs and symptoms 
of vitamin K deficiency include easy bruisa-
bility, mucosal bleeding, splinter hemorrh-
pages, melena, hematuria, or any other man-
ifestations of impaired coagulation. Vitamin 
K deficiency in an otherwise healthy adult is 
rare. This is largely due to the wide distribu-
tion of phylloquinone in plants, menaquino- 
ne production by gut micro-flora, and beca-
use vitamin K is easily recycled within cells 
(Fig. 2). However, an acquired deficiency 
may result secondary to drugs such as antibi-
otics. Patients on total parenteral nutrition 
and long-term antibiotics are prone to devel-
op vitamin K deficiency and require suppl-
ementation. Beta-lactam antibiotics may be 
associated with immune-mediated destruc-
tion of polymorphonuclear leukocytes, char-
acterized by an abrupt onset of neutropenia 
with fever, rash, and eosinophilia (Novak et 
al, 2000). Also, beta-lactam antibiotics may 
cause immune-mediated hemolytic anemia 
characterized by a positive non-gamma Coo-
mbs' test or subacute extravascular hemoly-
sis with a positive gamma Coombs' test, 
which generally requires prolonged, high-
dose therapy and signs of hypersensitivity 
are usually absent (Tan and File, 1995). Bro-
ad spectrum antibiotic therapy suppresses 

gut flora and contributes to vitamin K defi-
ciency. Hypoprothrombinemia is a particular 
problem with antibiotics containing N-meth-
ylthiotetrazole side chain, such as cefotetan 
and cefoperazone may be associated with in-
tolerance to ethanol (Sattler et al, 1986). Pr-
olonged fasting or starvation also decreased 
the vitamin K levels. Such patients were 
more sensitive to be treated with coumadin-
based anticoagulants (Cushman et al, 2001). 
   Antibiotics can contribute to vitamin K de-
ficiency by affecting intestinal bacteria, and 
also through direct effects on vitamin K acti- 
vation in the liver. Most of the ingested vit-
amin K is absorbed in the distal small intest- 
ine. Many microorganisms colonize the col- 
on and distal ileum; synthesize absorbable 
vitamin K2. Many broad-spectrum antibioti-
cs diminished this population of bacteria, 
limiting the menaquinone production (Hoo-
per et al, 1980). The second and third gener-
ation antibiotics were associated with hypo-
prothrombinemia and have a weak couma-
rin-like effect in patients with low vitamin K 
stores and cause vitamin K deficiency by 
inhibiting the function of vitamin K epoxide 
reductase enzyme in the liver, therefore im-
pairing the recycling of vitamin K (Shearer 
et al, 1988). Extremely high doses of vita-
min E & A antagonize vitamin K (Light et 
al, 1944). Hypervitaminosis A appears to re-
duce absorption of vitamin K, as the paren-
teral infusion of vitamin A (retinoic acid) 
did not increase vitamin K requirement (Sm-
ith and Goodman, 1976). Vitamin E in very 
high doses caused vitamin K deficiency, but 
did t affect absorption (Bettger et al, 1982). 
   Vitamin K in surgery: Bariatric surgery 
proved to be an effective treatment for obes-
ity and obesity-related conditions, as diabe-
tes type 2, hypertension, hyper-lipidemia & 
women of childbearing years (Buchwald et 
al, 2004). Although the American Society 
for Metabolic and Bariatric Surgery recom-
mends DCP as a test to determine vitamin K 
adequacy, none studied pre- or post-RYGB 
patients with the current available commer-
cially test, which was not FDA approved as 
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a vitamin K biomarker (Bartholomay et al, 
2019). Studies identified that vitamin K in-
adequacy during pregnancy and in persons 
seeking bariatric surgery by measuring ser- 
um phylloquinone or DCP concent rations, 
or the combination of both (Ewang-Emuko- 
whate et al, 2015)   
   Vitamin K deficient bleeding in the new-
born: Vitamin K deficiency is common in 
the newborn. This is due to an immature liv-
er, low vitamin K content of breast milk, a 
sterile gut, and poor placental transfer of vit-
amin K (Olson and Vitamin, 2000), as well 
as infants with intracranial bleeds resulting 
from vitamin K inadequacy born to women 
who have had bariatric surgery (Eerdekens 
et al, 2010).  In infants, plasma concentrati-
ons of all vitamin K dependent factors are 
about 20% of adult values. Within a month 
after birth, the levels rise to within normal 
limits. Infants without risk for developing 
vitamin K deficient bleeding (VKDB), and 
previously known as newborn hemorrhagic 
disease were associated with cutaneous, gas-
trointestinal, and intracranial bleeding in ne-
onates, typically developed within the first 
week of life (Sankar et al, 2016). The risk of 
developing VKDB increased with the mate- 
rnal ingestion of coumarin, certain antibioti-
cs (as cephalosporin), and some anti-convu- 
lsants during pregnancy (Motohara et al, 
1985). Role of vitamin K prophylaxis in pre-
venting new-born hemorrhagic disease was 
well known, but with differed opinions on 
the general and selective prophylaxis i.e. 
prophylaxis only for the new-born at risk 
and a marked reduction in hemorrhagic dis-
ease incidence of newborn, particularly after 
the availability of neonatal intensive care 
unit, which was attributed to effectiveness of 
vitamin K prophylaxis and better neonatal 
care and observation (Bindra, 1986).  
    Vitamin K and CNS: the role for vitamin 
K was demonstrated in target organs, such 
as the central nervous system (Presse et al, 
2009; Ferland, 2012a). At the neuronal level, 
vitamin K was involved in the synthesis of 
sphingolipids-a major constituent of the my-

elin sheath and neuronal membranes-and bi-
ological activation of vitamin K-dependent 
proteins (VKDPs) involved in neuronal phy-
siology and survival (Ferland, 2012b). Insuf-
ficient levels of vitamin K may, instead, cau-
sed neuropathological dysfunction (Hall et 
al, 1980). Besides, there was significant ass 
ociation between higher serum phylloquin- 
one concentration (K1) and better verbal epi-
sodic memory performance in older adults 
(Presse et al, 2013). The use of vitamin K 
antagonists (VKAs) that depleted its active 
form was associated with cognitive impair-
ment (Annweiler et al, 2015a) and a lower 
volume of gray matter in the hippocampus 
among geriatric patients (Annweiler et al, 
2015b). Chouet et al. (2015) found a clinic-
al and statistic significant association bet-
ween increased dietary phylloquinone intake 
and better cognition and behavior among 
geriatric patients. Thus, there was a strong 
need for novel effective preventive and ther-
apeutic strategies for cognitive decline and 
dementia. The potential role of vitamin K in 
the development of dementia is therefore of 
substantial interest. 
   Vitamin K and cancer patients: Zhang et 
al. (2001) In vitro reported that cancer cells 
(HSC-2, HSC-3, HL-60) were more sensiti-
ve to combined treatment with vitamin C & 
K3, as compared to normal cells. Vita et al. 
(2011) reported better cytotoxicity of vita-
min C & K3 on glioma cells than on normal 
brain cells. Ivanova et al. (2018) suggested 
that vitamin C&K can sensitize cancer cells 
to conventional chemotherapy that allowed 
achievement of a lower drug effective dose 
and minimizing the harmful side-effects. 
  Vitamin K is known to inhibit the growth 
of many cancer cell lines including HCC 
(Nishimaki et al, 1999; Lamson et al, 2003). 
Nouso et al. (2005) reported that an 85-year-
old man suffered from HCV and diabetes 
mellitus was diagnosed as having hepatocel-
lular carcinoma (HCC) based on high serum 
alpha-feto-protein (AFP), AFP-L3, des- -ca-
rboxy prothrombin levels and typical enhan- 
ced pattern on contrast-enhanced CT, who 



 

527 
 

chose to take vitamin K, which was reported 
to suppress the growth of HCC in-vitro. 
Three months after starting vitamin K, all 
three tumor markers were normalized and 
HCC was markedly regressed without enha-
ncement in early arterial phase on CT.   But, 
they could not conclude that administration 
of vitamin K caused the regression in this 
case, which documented regression of HCC 
during vitamin K administration. Venous th-
romboembolism (VTE) in patients with canc 
er followed an aggressive course, and often 
resistant to traditional regimens of pharma-
cological prophylaxis and treatment. Antico-
agulant-related bleeding was also common 
and complicated VTE treatment as well as 
the cancer therapy. Consequently, the most 
effective approach to reducing the burden of 
VTE and its associated morbidity and mor-
tality is to provide appropriate prophylaxis 
(Lee, 2007). Dahlberg et al. (2017) found 
that unclinical vitamin K deficits referred to 
carboxylation defects of different types of 
vitamin K-dependent hepatic and extrahe-
patic so-called Gla proteins without prolon-
gation of the prothrombin time, due to insuf-
ficient supply or malabsorption of vitamin K 
as well as drug interactions. Blocking car-
boxylation of vitamin K-dependent proteins 
with warfarin anticoagulation- what were the 
risks/benefits for carcinogenesis? They add-
ed that studies on both heparin and low mo-
lecular weight heparin blocking of the vita-
min K-dependent factors X and II showed 
tumor suppressive effects. The anti-inflam-
matory effects of vitamin K have impacted 
carcinogenesis, but available little data. 
   Prophylactic vitamin K1 is given to new-
borns shortly after birth to prevent vitamin K 
deficient bleeding (VKDB), previously re-
ferred to as hemorrhagic disease of the new-
born. In a systematic review of trials that 
compared either oral or intramuscular ad-
ministration of vitamin K to placebo, vita-
min K1 oxide improved biochemical indices 
of coagulation status during the first week 
after birth (Puckett and Offringa, 2000). Vit-
amin K1 can be given either orally or intra-

muscularly. However, currently used oral 
regimens are less effective than a single in-
tramuscular dose of vitamin K in preventing 
late-onset VKDB (defined as bleeding dis-
order due to vitamin K deficiency in infants 
between two weeks and two months of age 
 (Wariyar et al, 2000).     
   Toxicity:  Vitamin K toxicity is extremely 
rare. When toxicity does occur, it manifests 
with signs of jaundice, hyperbilirubinemia, 
hemolytic anemia, and kernicterus in infants. 
Vitamin K toxicity is very rare, and a tolera-
ble upper limit for consumption has not been 
defined. Menadione, one of the precursors of 
vitamin K, can cause hemolytic anemia, hy-
perbilirubinemia, jaundice, and kernicterus 
in infants. Menadione was used in pre-mat-
ure or low-birth-weight newborns and pre-
cipitated kernicterus only in high doses, but 
was not widely available (McLaren, 2000). 
   Daily requirements value: The primary so-
urce of vitamin K in the diet is from leafy 
green vegetables (Tab. 2). Intake adequacy 
concentrations set by the US Institute of Me-

women and men, respectively, based on the 
amount needed for adequate blood clotting 
and calculated phylloquinone intakes from 
NHANES III and other US population stud-
ies (Trumbo et al, 2001). Generally, dietary 
requirement, expressed as adequate intake 
(AI) is 90 micrograms daily in women and 
120 micrograms daily in men (Booth, 2012). 
   Interference with oral anticoagulant thera-
py:  In a study of healthy subjects stably an-
ti-coagulated with acenocoumarol, use of fo-
od supplements provided with up to 100 mi-
cro-grams/day of vitamin K1 did not signifi-
cantly interfere with treatment (Schurgers et 
al, 2004). The threshold dose of vitamin K1 
causing a statistically significant lowering of 
INR in these subjects was 150mg/day, an 
amount easily exceeded following the inges-
tion of one-half cup of kale (Tab. 3). 
   Treatment of coagulopathy: To depend up-
on the cause of deficiency, vitamin K can be 
administered in doses of 1 to 25mg via oral, 
intramuscular, subcutaneous, or intravenous 
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routes. When vitamin K deficiency occurs in 
patients who received coumarin-like antico-
agulants, doses of vitamin K should be min-
imized in order to prevent refractoriness to 
more anticoagulation. Hanslik and  Prinseau 
(2004) in France reported that the anti-coag-
ulation with antivitamin K (AVK) proved 
very effective for primary and secondary 
prevention of thromboembolic events. How-
ever, questions persist about the risks and 
management of over-anticoagulation. For 
reversal of excessive anticoagulation by 
warfarin, AVK withdrawal, oral or parenter-
al vitamin K administration, prothrombin 
complex or fresh frozen plasma may be 
used, depending on the excess of anticoagu-
lation, the existence and site of active bleed-
ing, patient characteristics and the indication 
for AVK. In over-anticoagulated patients, 
vitamin K aimed at rapid lowering of the 
international normalized ratio (INR) into a 
safe range to reduce the risk of major bleed-
ing and therefore improving patient outcome 
without exposing the patient to the risk of 
thrombo-embolism due to overcorrection, 
resistance to AVK, or an allergic reaction to 
medication. Ansell et al. (2008) in USA rec-
ommended that the initiation of the oral an-
ticoagulation therapy, with doses between 
5mg and 10 mg for the first 1 or 2 days for 
most individuals, with subsequent dosing 
based on the international normalized ratio 
(INR) response (Grade 1B); they suggested 
against pharmacogenetic-based dosing until 
randomized data indicated that it was bene-
ficial (Grade 2C); and in elderly and other 
patient subgroups who are debilitated or 
malnourished, recommended a starting dose 
of <or 5mg (Grade 1C). They also gave sev-
eral specific recommendations for the man-
agement of patients with nontherapeutic 
INRs, with INRs above the therapeutic ran-
ge, and with bleeding whether the INR was 
therapeutic or elevated. For the use of vita-
min K to reverse a mildly elevated INR, oral 
rather than subcutaneous administration was 
recommended (Grade 1A). For patients with 
life-threatening bleeding or intracranial he-

morrhage, and recommended the use of pro-
thrombin complex concentrates or recombi-
nant factor VIIa to immediately reverse the 
INR (Grade 1C). For patients with a lupus 
inhibitor, a therapeutic target INR of 2.5 (2.0 
to 3.0) was recommended (Grade 1A). 
   Vitamin K and food bacteria: Many bacte-
ria, as Escherichia coli found in the large 
intestine, can synthesize vitamin K2 (mena-
quinone-7 or MK-7, up to MK-11), but not 
K1 (phylloquinone). In these bacteria, mena-
quinone transfers two electrons between two 
different small molecules, during oxygen-in-
dependent metabolic energy production pro-
cesses (anaerobic respiration (Bentley and 
Meganathan, 1982). A small molecule with 
an excess of electrons (or an electron donor) 
as lactate, formate, or NADH, with the help 
of an enzyme, passes two electrons to mena-
quinone. The menaquinone, with the help of 
another enzyme, then transfers these two el-
ectrons to a suitable oxidant, such as fumar- 
ate or nitrate  (or an electron acceptor), add- 
ed 2 electrons to fumarate or nitrate conver- 
ted molecule to succinate or nitrite & water 
respectively (Haddock and Jones, 1977).  
   LeBlanc et al. (2013) in Argentina found 
that food-related lactic acid bacteria (LAB) 
as well as human gut commensals such as 
Bifidobacterium can de novo synthesize and 
supply vitamins. This was important since 
humans lack the biosynthetic capacity for 
most vitamins and these must thus be pro-
vided exogenously.   
   Laboratory evaluation of vitamin K: There 
was no consensus as to a best method for as-
sessing vitamin K status (Shea and Booth, 
2016). The undercarboxylated prothrombin 
(DCP) and undercarboxylated osteocalcin 
(uc-OC) proved to be sensitive measures of 
vitamin K status. Both plasma phyllo-qui 
none and uc-OC were affected by recent die-
tary vitamin K intake as a higher uc-OC was 
associated with a lower vitamin K intake and 
low serum phylloquinone, and low serum 
phylloquinone also reflected low tissue rese-
rves (Hayes et al, 2016). However, uc-OC 
proved to be the first indicator of vitamin K 
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inadequacy and the last to respond to suppl- 
ementation (Krzyzanowska et al, 2015). Per-
haps the body preferentially uses vitamin K 
for blood clotting and, if stores were ade-
quate for that purpose, the remaining supply 
was used to support other functions. Because 
the ASMBS lists osteoporosis as a symptom 
requiring investigation of vitamin K concen-
tration, measurement of uc-OC might be an 

-carboxylation of osteocal-
cin is necessary for osteoblast function in 
bone matrix metabolism (Akbari and Raso- 
uli-Ghahroudi, 2018). This provided insight 
into osteopenia and osteoporosis reported in 
persons after bariatric surgery (Scibora et al, 
2012).  
   Nevertheless, vitamin K status can be de-
termined indirectly by measuring vitamin K-
dependent factors (i.e., prothrombin, factors 
VII, IX, X, or protein C). In patients who are 
vitamin K deficient, levels of these factors 
often are less than 50% of normal (Kapadia 
and Bona, 2008). Measurement of des-
gamma-carboxyprothrombin (DCP) in plas-
ma was another more sensitive way of de-
termining vitamin K deficiency. In normal 
subjects, DCP is zero; it is elevated in vita-
min K deficiency from whatever cause 
and/or liver disease (Blanchard et al, 1983)  
   Prevention of vitamin K deficient bleeding 
in newborns: There is general consensus that 
all babies should receive vitamin K. Stand-
ard treatment is with vitamin K1 (0.5 to 1mg 
IM) administered at birth. For healthy, ex-
clusively breastfed, term infants, an alterna-
tive strategy may be oral vitamin K1 (2mg 
PO with the first feed and at one, four, and 
eight weeks of age). However, oral supple-
ments may be less effective in preventing 
late-onset vitamin K deficient bleeding in 
infants, and no approved oral preparation is 
available in the United States. (A newborn 
should have a thorough evaluation per-
formed within 24 hours of birth to identify 
any abnormality that would alter the normal 
newborn course or identify a medical condi-
tion that should be addressed as e.g.,  anom-
alies, birth injuries, jaundice, or cardiopul-

monary disorders as well as the maternal, 
family, and prenatal history and a complete 
examination (Lissauer, 2006) Neonatal he-
modynamic assessment was rather complex 
and encompassed more than solely moni- 
toring HR, blood pressure, and other inaccu-
rate clinical pictures (de Boode et al,  2018).     
   The Adequate Intake for vitamin K, as de-
fined by the Food and Nutrition Board is not 
increased for lactating mothers. However, 
one study suggests that exclusively breast-
fed infants often have low plasma vitamin K 
concentrations, and that this can be prevent-
ed by supplementation of the mothers' diet 
with 5mg of vitamin K1 (phylloquinone) 
throughout the first 12 weeks of life (Greer, 
2001).  
   However, none evaluated whether mater-
nal supplementation with vitamin K has any 
clinically important benefits. But, the multi-
ple-micronutrient (MMN) deficiencies often 
coexist among reproductive age women in 
low- to middle-income countries. They were 
exacerbated in pregnancy due to the increa-
sed demands, leading to potentially adverse 
effects on the mother and developing fetus. 
Though supplementation with MMNs was 
recommended earlier because of impact on 
pregnancy evidence outcomes, a consensus 
was yet to be reached as to replace iron and 
folic acid supplementation with MMNs (Ha-
ider and  Bhutta, 2017). 

Conclusion 
    Vitamin K is a multifunctional micronu-
trient implicated in age-related diseases such 
as cardiovascular diseases, osteoarthritis and 
osteoporosis. It is essential for the synthesis 
of coagulation proteins. It is a co-factor for 
vitamin K dependent carboxylation, which 
includes various enzymes. Vitamin K has a 
plethora of potential implications, including 
prevention and treatment of arterial calcifi-
cations, coronary heart disease and cancer, 
improvements in bone strength and reduced 
risks of fractures as well as improvements in 
insulin sensitivity. Available clinical evide-
nces indicate that a high vitamin K status 
can exert a protective role in the inflammat-
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ory and mineralization processes associated 
with the onset and progression of age-related 
diseases. 
   Signs and symptoms include: bruising, pe-
techiae, hematomas, oozing of blood at sur-
gical or puncture sites, stomach pains; risk 
of massive uncontrolled bleeding; cartilage 
calcification; and severe malformation of 
developing bone or deposition of insoluble 
calcium salts in the walls of arteries. In in-
fants, some birth defects such as underde-
veloped face, nose, bones, and fingers.  
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Table 1: Function of Vitamin K 
Vitamin K Function Deficiency syndrome 

Phylloquinone Clotting factors, bone proteins Hemorrhagic diseases 
Menaquinone Biological roles in humans and animals  
Menadione Anti-Helobacter pylori and anti-inflammatory  

 

Table 2: Dietary reference intakes for fat-soluble vitamin K* 
Nutrient   Age group   RDA/AI  UL   Adverse effects of excess 
Vitamin K   Micrograms daily   Micrograms daily    
Infants   0-6 months  2   ND       No adverse effects associ-

ated with vitamin K con-
sumption from food or sup-
plements have been report-
ed, however data are limited.   
 

 7-12 months  2.5     ND 
Children   1 to 3 years  30   ND   
 4 to 8 years  55   ND 
Adult males   9 to 13 years  60   ND 
 14 to 18 years  75     ND 
 >19 years  120   ND 
Adult females (also pregnancy & lactation)   9 to 13 years  60   ND 
 14 to 18 years  75     ND 
 >19 years  90   ND   

   *other names of Vitamin K: Anti-Hemorrhagic Factor, Menadiol, Menadione (Vitamin K-3), Menaquinone (Vitamin K-2), 
Methyl-Phytyl Naphthaaquinone, Phylloquinone (Vitamin K-1), Phytonadione 
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Table 2: Foods with moderate to high levels of vitamin K 
Food name Serving size Vitamin K (micrograms) 
1- High level vitamin K 
Kale, frozen (cooked or boiled, drained) 1/2 cup 570  
Kale, fresh, (cooked or boiled, drained) 1/2 cup 530 
Spinach, frozen (cooked or boiled, drained) 1/2 cup 514  
Spinach, raw 1 cup 150 
Collard greens, frozen (cooked, drained) 1/2 cup 530 
Turnip greens, frozen (cooked, drained) 1/2 cup 425 
Brussels sprouts, frozen (cooked, drained) 1/2 cup 110  
2- Moderate level vitamin K foods  
Asparagus, frozen (cooked, drained)  1/2 cup or 4 spears  72 or 48  
Broccoli, frozen (cooked, drained) 4 spears 30  30  
Broccoli, fresh (cooked, drained) 1/2 cup 60  60  
Broccoli, raw 1 spear 52  52  
lettuce butter-head (Boston and Bibb lettuces) 1/2 cup 40  40  
Lettuce (iceberg, crisp-head) 1/2 head 80  80  
Lettuce (romaine, cos) 1/2 head 65  65  
Lettuce (green leaf) 1 cup 57  57  
Okra, fresh (cooked, drained) 1 cup 97  97  
Okra, frozen (cooked, drained) 1/2 cup 32  32  
Cabbage (cooked, drained) 1/2 cup 44  44  
Cabbage, raw 1/2 cup 73  73  
Cabbage, savoy (raw) 1/2 cup 21  21  
Cabbage, Chinese (cooked, drained) 1/2 cup 24  24  
Coleslaw (fast food-type) 1/2 cup 28  28  
Sauerkraut, canned 3/4 cup 56  56  
Peas, frozen, with pod (cooked, drained) 1/2 cup 41  41  
Peas, fresh, with pod (cooked, drained) 1/2 cup  24  
Peas, green, frozen (cooked, drained) 1 1/2 cup  20  
Celery, raw  1/2 cup  18  
Beans, green or yellow, fresh (cooked, drained) 1/2 cup  17  
Oil, canola 1/2 cup  10  
Oil, olive 1 tablespoon  17  
Oil, other (including peanut, sesame, safflower, corn, sunflower, soybean) 1 tablespoon  8 3 or less  
Green tea, brewed in hot water 1 tablespoon  0.3     

Explanation of figures 
Fig. 1: Biochemical similarity between vitamin K and warfarin molecules.  
Fig. 2: Biosynthetic pathway for vitamin K-dependent production of gamma-carboxyglutamic acid. 
 

 
 

 
 
 


