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ABSTRACT
Micronutrients are indispensable substances for ensuring proper metabolism, which, in the case of pregnant women, has 
an indirect influence on perinatal outcomes. Hypovitaminosis K is a rare condition in adults. However, vitamin K deficien-
cy can pose a significant risk to the health of both mother and fetus, which can cause bleeding, especially in newborns. 
Newborns have a low natural level of vitamin K because they do not receive the necessary amounts in the antenatal 
period, which is caused by the slower transfer of this vitamin through the placenta. The use of drugs that affect the me-
tabolism of vitamin K by pregnant women can increase the rate of various complications in newborns, related to hypovi-
taminosis K. Micronutrients, especially vitamin K, are essential for the body of pregnant women, being crucial in fetal 
development.
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INTRODUCTION

Micronutrients are crucial for maintaining preg-
nancy and ensuring adequate maternal metabo-
lism, which enables fetal growth and development 
with an indirect influence on perinatal outcomes. 
Nutrient deficiencies, which can manifest during 
pregnancy in a wide range, have a negative impact 
on maternal and fetal health. Vitamins occupy a 
special place among physiologically active sub-
stances. The role of vitamins lies not only in the fact 
that they are indispensable components of living 
organisms, but also in the fact that they can be used 
as medication for the treatment of various patho-
logical conditions.

Vitamin K is a family of fat-soluble vitamins, two 
forms of vitamin K are found in foods: K1 and K2, 
with other subtypes being synthetic forms [1]. Men-
aquinones have unsaturated isoprenyl side chains 
and are classified according to side chain length, 
from MK-4 to MK-13 [2]. Vitamin K1 is the main 
form found in the human body and is absorbed 

from food sources such as green vegetables. Vita-
min K2 is mainly found in egg yolks, meat, vegeta-
bles, and fermented products. In addition, vitamin 
K2 is synthesised by the gut flora through receptors 
(B-class receptor type I and Niemann-Pick C1-Like 
1), which have recently been reported to regulate 
intestinal absorption of vitamin K [3,4].

Vitamin K is emulsified by bile salts in the small 
intestine, then it is absorbed by enterocytes, where 
it is combined with triacylglycerol-rich lipoproteins 
(containing apolipoproteins A and B-48) and re-
leased into the lymphatic and circulatory systems. 
Then, vitamin K reaches the liver and, by endocyto-
sis, chylomicrons, which are made up of lipopro-
teins and the vitamin K complex, enter hepatocytes 
where they form a complex with apolipoprotein 
B-100 and return to the circulation. These molecules 
are transformed by the addition and removal of 
apolipoprotein particles. Then, after being trans-
ported through the blood circulation, vitamin K 
molecules are absorbed by target tissues (such as 
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the brain, heart, arteries, cartilage, and bone) via 
LDL receptors (figure 1) [5,6].

Following digestion, bile salts emulsify dietary 
vitamin K and the byproducts of triglyceride (TG) 
hydrolysis, generating mixed mycelia, which are 
then taken up by enterocytes in the intestinal epi-
thelium and transformed into chylomicrons (CM), 
which contain apolipoproteins A (A) and B48 (B-48). 
The thoracic duct allows CM to exit the intestinal 
lymphatic capillaries and enter the circulation. Af-
ter entering the bloodstream, CMs bind to the HDL 
proteins, apolipoproteins C and E. In order to re-
move TGs from CMs, lipoprotein lipase (LPL) is 
needed, and the process is done in the capillaries of 
muscle, adipose tissue, and other tissues.

Apolipoprotein A and apolipoprotein C particles 
are presented by the residual chylomicrons (CR), 
preserving vitamin K inside. Following receptor-me-
diated endocytosis, CRs bind to LDLR and LRP re-
ceptors and enter hepatocytes. VLDL molecules 
(containing apolipoprotein B-100) are used to re-
package CR complexes before releasing them into 
the bloodstream, where they pick up apolipopro-
teins C and E. These complexes undergo modifica-
tion in the capillaries via LPL, resulting in VLDL-re-
mains known as IDL. Smaller LDL particles, which 
contain apolipoprotein B-100, are produced as a re-
sult of the metabolization and subsequent loss of 

apolipoproteins C and E from IDL. It is assumed that 
vitamin K is still concentrated in the lipophilic core. 
Osteoblasts can receive lipids from circulating lipo-
proteins like CR and LDL, which are found on the 
surface of the bone matrix. Osteoblasts contain lipo-
protein receptors such as LDLR and LRP1, which 
can interact with CR and LDL to endocytose parti-
cles containing vitamin K. According to published 
data, LDL and CR particles are the primary sources 
of MK-7 and K1, respectively, for osteoblasts [7].

Vitamin K serves as a coenzyme for the vitamin 
K-dependent ɣ-glutamyl carboxylase, which is in-
volved in hemostasis, bone metabolism, and other 
physiological processes [1]. Ɣ-glutamyl carboxylase 
is synthesised in the central nervous system (CNS) 
during embryogenesis. The importance of vitamin 
K in preserving proper myelin production in the 
CNS has been documented in the literature. Vitamin 
K antagonists can also cause fetal CNS abnormali-
ties and mental retardation when they are used 
during pregnancy. These findings point to a poten-
tial role for vitamin K in prenatal brain develop-
ment [8]. Additionally, vitamin K acts through the 
blood clotting factors such as prothrombin (factor 
II), proconvertin (factor VII), factor Christmas (fac-
tor IX), and Stuart-Prower factor (X) to influence the 
coagulation process. Therefore, this vitamin partic-

FIGURE 1. Schematic representation of the metabolism of dietary K1 and MK-7 [7] 
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ipates indirectly in the clotting mechanism through 
both extrinsic and intrinsic pathways [9]. Prothrom-
bin time, for example, is a marker commonly used 
to estimate vitamin K levels indirectly. However, 
prothrombin time is more likely to assess vitamin K 
activity than its actual level. This method might un-
derestimate the true prevalence of vitamin K defi-
ciency since a prolonged prothrombin time is a late 
sign of hypovitaminosis K [10].

Hypovitaminosis K can severely impair the 
health of the mother and fetus by increasing the 
risk of coagulopathic hemorrhages, especially in ne-
onates. In these cases, hemorrhage is due to low lev-
els of prothrombin, a vitamin K-dependent factor. 
When prothrombin time increases noticeably due 
to decreased prothrombin activity, vitamin K insuf-
ficiency is thought to be clinically significant [1]. Al-
though vitamin malabsorption due to related pa-
thology may result in deficiency, however it is 
relatively uncommon in the general adult popula-
tion. Whereas the function of vitamin K during 
pregnancy is largely unknown, the impact of clini-
cally severe nutritional deficiencies also increases 
with the development of pregnancy, especially in 
women with poor nutrition [11]. In turn, maternal 
malnutrition not only has immediate impacts but 
also leads to a number of fetal conditions that can 
become evident over time, impairing the fetus’s 
metabolic, immunological, cognitive, and neurolog-
ical development [12].

THE ROLE OF VITAMIN K IN PREGNANT WOMEN

The effects of vitamin K on pregnant women are 
not well documented in the literature. The effects of 
this vitamin have been studied in relation to a num-
ber of clinical disorders in the general population, 
including osteodystrophy, osteoporosis, coronary 
heart disease, and chronic kidney disease [1,5]. 
There is information in the literature on the poten-
tial contribution of hypovitaminosis K to the etiolo-
gy of Alzheimer’s disease, however more studies 
are needed [13]. Vitamin K has also been used as a 
safe treatment for cases of pregnancy-related osteo-
porosis since it is crucial for bone metabolism 
[14,15]. Currently regarded as a promising agent in 
cancer prevention, vitamin K2 has been proven to 
inhibit some cancer cells without causing any nega-
tive side effects [16]. Clinical studies have demon-
strated the potential role of vitamin K2 in improv-
ing the prognosis of cancer patients [17].

Vitamin K deficiency in pregnancy is frequently 
associated with maternal malabsorption of the vita-
min, related not only to various conditions but also 
to the use of drugs that inhibit vitamin K activity, 
such as antiepileptics (carbamazepine, phenytoin, 
barbiturates), antituberculosis drugs (isoniazid, ri-

fampicin), certain antibiotics (cephalosporins) and 
vitamin K antagonists (warfarin) [18].

Gastrointestinal diseases can compromise pan-
creatic and/or biliary functions, which can trigger 
lipid malabsorption mechanisms, such as in celiac 
disease, cystic fibrosis, ulcerative colitis, cholesta-
sis, including intrahepatic cholestasis of pregnancy. 
Hypovitaminosis K may develop as a result of these 
conditions’ poor vitamin absorption [16]. The au-
thors have proposed that vitamin K insufficiency in 
pregnant women may increase the risk of coagulo-
pathic hemorrhages given the effects of this vitamin 
that are already documented. As a result, Kenyon et 
al. found that the rate of postpartum hemorrhages 
was higher in the group of women who did not take 
vitamin K (45% versus 12%) [19]. An important de-
tail in the given context is the steatorrhea, which 
occurs in intrahepatic cholestasis of pregnancy. Ste-
atorrhea, being a direct but rare complication of 
cholestasis gravidarum, can induce malabsorption 
of vitamin K. At present, however, studies focusing 
on the assessment of risk and bleeding rates in in-
trahepatic cholestasis of pregnancy largely do not 
recommend direct assessment of maternal vitamin 
K levels. A study by Furrer et al. did not detect a 
difference in the volume of postpartum blood lost 
in women with cholestasis gravidarum compared 
to the control group, thus the authors had to assume 
that the role of vitamin K in postpartum hemor-
rhage in patients with intrahepatic cholestasis of 
pregnancy could be questionable [20]. It should be 
noted that this study did not include direct assess-
ment of serum vitamin K levels in the women in-
cluded in the study. However, Maldonado et al. de-
scribed severe vitamin K deficiency and 
coagulopathy related to intrahepatic cholestasis of 
pregnancy, suggesting a direct relationship between 
them [21]. In this case report, the authors noted that 
there was no firm evidence as to the cause of hypo-
vitaminosis K: intestinal malabsorption or insuffi-
cient dietary intake. But the low body mass index of 
the patient led the authors to suspect specific nutri-
tional factors as the cause of vitamin K deficiency in 
this case. Although Lees et al. observed no cases of 
coagulopathy in women with cholestasis gravidar-
um in their research, the authors remark that pro-
spective studies on a larger representative cohort 
are required to assess the actual incidence of coagu-
lopathy in obstetric cholestasis [22]. As a result, the 
authors conclude that there is not enough data 
available in the literature to evaluate the direct re-
lationship between vitamin K levels and the risk of 
maternal hemorrhage [11,14,23]. 

Antibiotics interfere with vitamin K levels be-
cause they generally cause a decrease in the level of 
bacteria in the gut, especially vitamin K-producing 
bacteria. Many bacteria colonising the human gut 
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(especially Bacteroides) synthesize vitamin K2, 
which plays a role in electron transport and oxida-
tive phosphorylation. However, it remains contro-
versial whether bacterial synthesis of vitamin K in 
the gut provides a significant supply of vitamin K to 
the human body [24]. Vitamin K deficiency is cur-
rently observed in patients with prolonged peroral 
antibacterial therapy, especially with broad-spec-
trum antibiotics. Antibiotics such as cephalospor-
ins, which include the N-methylthiotetrazole side 
chain, are considered inhibitors of hepatic vitamin 
K epoxide reductase [25]. A case-control study of a 
cohort of 6,191 participants concluded that patients 
using cephalosporins and other antibiotics for more 
than 48 hours have a high risk of bleeding events 
[26]. 

Some drugs are also reported to influence vita-
min K absorption. For example, drugs prescribed to 
reduce cholesterol levels in dyslipidaemia or those 
that interfere with intestinal lipases, used for the 
treatment of obesity, such as orlistat, or bile acid se-
questrants such as cholestyramine [15]. However, 
these drugs are not widely used during pregnancy.

Epilepsy is one of the most common neurological 
disorders and affects more than 70 million people 
worldwide [27]. Recent studies have found an in-
creased risk of various pregnancy complications in 
women with epilepsy compared to the control 
group, namely: premature detachment of the nor-
mally inserted placenta (aRR = 1.68), postpartum 
hemorrhage (aRR = 1.11), etc. [28]. At the same time, 
there is little data in the literature regarding the 
role of vitamin K in pregnant women with epilepsy. 
Some rodent studies have shown the anticonvul-
sant effect of vitamin K in minimal clonic seizures 
[8]. There is data in the literature suggesting that 
antiepileptic drugs may affect the metabolism of 
this vitamin, thus inducing hypovitaminosis K [18]. 

Women of reproductive age undergoing bariat-
ric surgery for the treatment of morbid obesity may 
also experience adverse perinatal outcomes in sub-
sequent pregnancies associated with various nutri-
tional deficiencies [29]. Deficiencies of vitamin K, 
vitamin B12, and some minerals have been report-
ed in pregnant women who have previously under-
gone this type of surgery [11]. There is data in the 
literature suggesting an increased rate of miscar-
riage in women in the first year after bariatric sur-
gery, but the studies conducted include a small 
number of cases [30]. However, there is insufficient 
evidence to demonstrate a clear link between vita-
min K deficiency and miscarriage.

THE ROLE OF VITAMIN K IN NEWBORNS

As mentioned above, vitamin K deficiency is a 
rare condition in adults. However, the situation is 

different among newborns, who have naturally low 
levels of vitamin K due to the fact that they do not 
receive adequate amounts during the antenatal pe-
riod, caused by the slower transfer of this vitamin 
through the placenta. Umbilical cord blood vitamin 
K levels in healthy newborns are often below the 
detection limit of 0.02 ng/ml [31]. One study showed 
an extremely low level of vitamin K in cord blood, 
regardless of gestational age, in 5 neonates who 
died within the first 24 hours of life and who did not 
receive vitamin K supplementation [4]. Though 
breastfeeding is preferable for newborns, vitamin K 
levels in breast milk are significantly lower than 
those in formula feeding (on average 2.5 mg/l ver-
sus 24-175 mg/l) [32]. In addition to what has been 
reported, the authors suggest that the gut flora of 
newborns is immature and the amount of vitamin K 
synthesized by it is insufficient. Thus, studies com-
paring vitamin K levels in fecal masses have been 
conducted, reporting considerably lower levels of 
this vitamin in infant samples than in adult sam-
ples. These studies support the theory of the in-
volvement of the immature intestinal flora of in-
fants in the pathogenesis of vitamin K deficiency 
[4]. 

Vitamin K Deficiency Bleeding (VKDB) is a condi-
tion more commonly seen in infants with inade-
quate vitamin K levels, which can also lead to in-
tracranial bleeding. VKDB was first described by 
Townsend in 1894, who reported 50 cases of hemor-
rhages in newborns occurring in the first 2-3 days 
of life [1]. 

Pregnant women taking medication that affect 
vitamin K metabolism may increase the rate of ear-
ly-onset VKDB (within the first 24 hours of life) 
among newborns. Therefore, disorders of the coag-
ulation system in newborns require immediate 
treatment with vitamin K given before diagnosis 
[11]. At the same time, there is data in the literature 
on late-onset VKDB, first described in Thailand in 
1966. Over 10 years later, Bhanchet et al. summa-
rized the cases of 93 breastfed infants in Thailand 
who experienced bleeding episodes between the 1st 
and 2nd month of life [4,33]. Thus, in this country, 
the incidence of late-onset VKDB was 72 per 100,000 
births, with an intracranial hemorrhage rate of 82% 
in these infants. These data can be compared with 
those obtained from studies in Japan, where the in-
cidence of late-onset VKDB was 8.8 per 100,000 
births. Therefore, there is a significant discrepancy 
in the incidence of late VKDB even in the same geo-
graphical region [4]. In Western European coun-
tries, the incidence of late VKDB in infants not given 
vitamin K was found to be 5/105 births compared to 
11 and 72/105 births in Japan and Thailand, respec-
tively [11]. Immediately after birth, the proportion 
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of infants with VKDB who did not receive vitamin K 
was estimated to be between 0.01% and 0.44%. The 
mortality rate in infants with severe hemorrhage 
was 20%, of which 50% was due to intracranial 
hemorrhage and ongoing neurological damage [11]. 

Early onset of VKDH is frequently associated 
with maternal malabsorption of vitamin K and ad-
ministration of drugs that inhibit the activity of this 
vitamin [18]. Moreover, recent studies have re-
vealed impaired placental function in cases of 
pre-eclampsia and intrauterine fetal growth restric-
tion, which could lead to impaired placental trans-
fer of vitamin K [34,35].

At the same time, exposure of women to vitamin 
K antagonist anticoagulants during pregnancy may 
affect the fetus in utero, resulting in coumarin em-
bryopathy. Approximately 6% of newborns exposed 
to coumarin consumed by their mothers during 
pregnancy develop coumarin embryopathy with 
the presence of skeletal abnormalities (e.g. medial 
hypoplasia and epiphyseal calcifications), which in 
turn are seen in 80% of these babies. Central nerv-
ous system malformations (e.g. midline structural 
defects) were detected in 45% of infants diagnosed 
with coumarin embryopathy; signs of intracranial 
hemorrhage were observed in 10% of infants. More-
over, since coumarin drugs pass transplacentally, 
they subsequently affect the fetal coagulation sys-
tem, which increases the risk of antenatal intracra-
nial hemorrhage [11].

VITAMIN K ADMINISTRATION RECOMMENDATIONS IN 
PREGNANCY AND NEWBORNS

The recommended daily dietary intake of vita-
min K for adults is set at 70 mg/day in the European 
Union and 90 mg/day in the United States [14,36,37]. 
The authors suggest that vitamin K supplementa-
tion is not necessary in physiological pregnancy 
[11]. However, it may be indispensable in the case 
of associated pathologies that have caused the stud-
ied vitamin deficiency. It should be noted that the 
toxic dose for vitamin K2 is unknown at this time, 
and maximum daily doses for vitamins K1 and K2 
in pregnancy have not been established because 
there have been no studies on reproductive or tera-
togenic risks in this area [14,38].

The South Australian Perinatal Practice Guide-
lines, in intrahepatic cholestasis of pregnancy, rec-
ommend vitamin K supplementation (10 mg per os 
daily) in cases where prothrombin time is pro-
longed [39]. The Royal College of Obstetrics and Gy-
naecology UK Guideline No. 43 supports this prac-
tice, suggesting the need to administer the 
water-soluble form of vitamin K in a dose of 5-10 mg 
in intrahepatic cholestasis of pregnancy [23]. The 
same guideline cautions that if prothrombin time is 

normal, administration of low-dose water-soluble 
vitamin K may be recommended after weighing the 
possible benefits and risks. At the same time, as 
mentioned above, the authors suggest that pro-
thrombin time is a late marker of hypovitaminosis 
K and its assessment does not denote the real vita-
min K level, underestimating the real incidence of 
hypovitaminosis K [10]. Some researchers empha-
size the need for injectable vitamin K administra-
tion 3 days before birth and in the early lactation 
period [40].

To prevent the early onset of VKDB, pregnant 
women receiving medication that affects vitamin K 
metabolism (except warfarin) should be advised to 
administer vitamin K before delivery [4]. According 
to recommendations in Japan, pregnant women us-
ing this type of medication (except warfarin) should 
use 15-30 mg of vitamin K daily 2-4 weeks before 
delivery or newborns should be prescribed a single 
dose of vitamin K of 0.5-1.0 mg [41].

According to literature data, hypovitaminosis K 
can occur among women receiving antiepileptic 
treatment, especially enzyme-inducing drugs [42]. 
Enzyme-inducing drugs, such as phenobarbital, car-
bamazepine and phenytoin, cross the placenta, in-
duce altered vitamin K metabolism and cause hypo-
vitaminosis as well as hemorrhage in newborns of 
mothers undergoing such treatment [8]. Therefore, 
most authors suggest the need for vitamin K supple-
mentation 2-4 weeks antepartum when antiepilep-
tic treatment is applied, this recommendation being 
related to the risk of intracerebral hemorrhage in 
newborns [11,43]. However, a systematic review of 
the literature on the administration of antiepileptic 
drugs in pregnancy revealed that there is insuffi-
cient evidence that would conclusively establish 
that vitamin K supplementation in the last weeks of 
pregnancy reduces the risk of VKDB [4]. At the same 
time, studies among women with epilepsy have 
shown increased vitamin K levels in newborns of 
mothers who consumed vitamin K in pregnancy 
compared to those whose mothers did not receive 
the supplement [23, 44]. 

In the Republic of Moldova, the National Clinical 
Protocol for Newborn Care recommends routine 
administration of a single dose of phytomenadione 
(synthetic vitamin K1) of 1.0 mg i/m for term infants 
and 0.5 mg i/m for preterm infants for prophylaxis 
of hemorrhagic disease of the newborn, the dose 
being effective also in the late form of the disease 
[45].

CONCLUSIONS

Micronutrients, especially vitamin K, are indis-
pensable for the pregnant woman’s body and are 
crucial for the intrauterine development of the fe-
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