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Abstract

Intrahepatic cholestasis of pregnancy is a disorder characterized by pruritus and elevated liver function tests and bile
acids. Poor vitamin absorption and, as a result, hypovitaminosis K can occur as a result of the pathology. Given the
known effects of vitamin K, the authors considered that hypovitaminosis K could increase the risk of coagulopathic
hemorrhage in pregnant women. The study revealed that 59.2% of women with intrahepatic cholestasis of pregnancy
were diagnosed with hypovitaminosis K; however, 98.6% of women had normal coagulogram indices. Thus, coagulo-
gram markers are more likely to indicate vitamin K activity than its actual level.
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Background

Intrahepatic cholestasis of pregnancy (ICP) is a liver
disease with a global incidence of 0.5-1% [1]. The
onset of cholestasis gravidarum is characterized by the
appearance of skin pruritis that cannot be explained by
other causes [2]. A crucial diagnostic criterion in ICP is
the assessment of serum bile acid (BA) levels and liver
function tests. Assessment of serum BA levels is con-
sidered the definitive biochemical marker in the diag-
nosis of ICP and monitoring of ICP patients’ condition
[2]. Based on BA values, cholestasis gravidarum can
be classified as mild (BA 10—39 pmol/L) and severe
(BA>40 pmol/L) [3].

Vitamin K is a group of fat-soluble vitamins. There are
two forms of vitamin K found in food: vitamin K1 (phyl-
loquinone) and vitamin K2 (menaquinone). The remain-
ing subtypes are synthetic forms [4]. Menaquinones are
named based on the length of their unsaturated isopre-
nyl side chains, ranging from MK-4 to MK-13 [5]. MK-4,
MK-7, and MK-9 are the most investigated variants of
vitamin K2 [4]. Vitamin K1 is the most common type in
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the human body, and it can be obtained through foods
like green vegetables, while egg yolks, chicken, beef, veg-
etables, and fermented foods are high in vitamin K2. Fur-
thermore, vitamin K2 is produced by the gut microbiota
via receptors (class B type I and Niemann-Pick C1-Like
1) that have recently been identified as regulators of vita-
min K absorption in the intestine [6, 7].

In the small intestine, vitamin K is captured by bile
salts, followed by absorption into enterocytes, after being
incorporated by specific lipoproteins (which contain
apolipoprotein-A and apolipoprotein-B48) and secreted
into the lymphatic system and blood. All forms of vita-
min K, particularly vitamin K1 and MK-7, then reach the
liver. Chylomicrons, which contain vitamin K and lipo-
proteins, enter hepatocytes by endocytosis and are con-
jugated with apolipoprotein-B100 before returning to the
bloodstream. These molecules undergo changes in blood
circulation, characterized by the addition and removal
of apolipoprotein particles. LDL cholesterol particles
transport vitamin K molecules through the bloodstream,
where they are taken up by LDL receptors in target tis-
sues (such as the brain, heart, arteries, cartilage, and
bones) [8, 9].

Vitamin K is a coenzyme for vitamin K-dependent
gamma-glutamyl carboxylase, an enzyme involved in
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hemostasis, bone metabolism, and other processes [4].
During development, gamma-glutamyl carboxylase is
expressed in the central nervous system. The authors
propose that vitamin K plays a crucial function in central
nervous system myelin production. In addition, vitamin
K antagonists (such as Warfarin) can cause malforma-
tions of the fetus’ central nervous system, resulting in
mental retardation. These findings show that vitamin K
may play a function in brain development through the
prenatal period [10]. At the same time, vitamin K is one
of the co-factors that determine the blood clotting pro-
cess, acting through prothrombin (factor II), proconver-
tin (factor VII), Christmas factor (IX) and Stuart-Prower
factor (X). Therefore, vitamin K has an essential role in
the activation of blood-clotting proteins [11].

Gastrointestinal disorders such as celiac disease,
cystic fibrosis, ulcerative colitis, and cholestasis, includ-
ing intrahepatic cholestasis of pregnancy, can impair
pancreatic and/or biliary functioning, resulting in lipid
malabsorption mechanisms. These conditions can lead
to poor vitamin absorption and, as a result, hypovita-
minosis K [12]. Given the known effects of vitamin K,
the authors hypothesized that a risk of coagulopathic
hemorrhages in pregnant women could be induced by
a vitamin K deficiency. Vitamin K malabsorption can
be caused by steatorrhea, which is a direct but uncom-
mon complication of ICP. Traditionally, vitamin K levels
have been determined indirectly by assessing surrogate
markers such as prothrombin time, although prothrom-
bin time is more likely to suggest vitamin K activity than
its actual level. As a result, prothrombin time prolonga-
tion is a late indicator of hypovitaminosis K. Neverthe-
less, this method may understate the exact prevalence
of vitamin K deficiency [13].

Material and methods

The prospective cohort study was carried out by assess-
ing 71 pregnant women with intrahepatic cholestasis of
pregnancy.

Pregnant women, over 227 weeks of gestation, with
a confirmed diagnosis of ICP, which was established
according to clinical features and laboratory test results
(level of serum BA>10 pmol/L) were eligible for the
study. Women with known coagulopathy, preeclampsia,
HELLP-syndrome, acute hepatitis, and drug-induced
liver injury were excluded from the study. In addition, we
excluded women with epilepsy to rule out the influence
of anti-epileptic medication on vitamin K absorption.

The women’s vitamin K levels (vitamin K1, vitamin K2
MK4, vitamin K2 MK7), coagulogram indices, and blood
loss during delivery were assessed. The vitamin K levels
were assessed by high performance liquid chromatog-
raphy (HPLC). Assessment of total blood loss during
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delivery was carried out according to international guide-
lines, with samples collected in graduated vessels and
used sterile material weighed. The dietary habits were
assessed based on the food frequency questionnaire
(FFQ), designed to estimate the usual eating pattern of
the main food groups: cereals, fruits, vegetables, milk and
dairy, meat, fish, nuts and seeds, cooking fats, sweets and
fast food. In addition, the FFQ included questions about
vitamin and supplements intake during pregnancy. Aside
from that, the women’s body mass index (BMI) before
pregnancy was calculated, as well as a weight gain assess-
ment scale during pregnancy were used to rule out the
possibility of poor nutrition, which might cause low ali-
mentary intake of vitamin K.

Ethical approval was granted by the Ethics Committee
Review Board of the Nicolae Testemitanu State Univer-
sity of Medicine and Pharmacy of the Republic of Mol-
dova. Written informed consent was obtained from all
participants. All information was kept confidential.

After collection and checking for completeness, the
data was coded and entered into the IBM SPSS Statistics
21 version and exported for further analysis using the
functions and modules of the IBM SPSS Statistics 21 and
GraphPad Software. The arithmetic means and stand-
ard deviation (M (SD)) were calculated to describe the
numerical indicators. For a distribution different from
the normal one, the median (Me), as well as the inter-
quartile range (Q1; Q3) were calculated. To compare
categorical variables in groups, the x* test was used with
Yates’ correction. A ¢ test was used to compare the means
of two groups (mild and severe forms of the condition). A
p-value <0.05 was considered statistically significant.

Results

The age of pregnant women included in the study was
18-43 years. The average age of women was 29.5(6.3)
years. Multiple pregnancy was found in 8/71 (11.3%)
cases. Biliary acid levels in women were assessed in order
to determine the severity of ICP. A mild condition was
diagnosed in 50/71 (70.4%) cases and a severe condition
in 21/71 (29.6%) cases. The possible nutritional compo-
nent of vitamin intake was analyzed. Using the FFQ, par-
ticipants self-assessed their diet. Thus, 81.7% of women
consider their diet to be well equilibrated. However, the
authors recognize that this is a subjective measurement.
The average BMI for study participants before pregnancy
was 24.1 (3.8), Me 23.7 (21.3;25.7). Therefore, 50/71
(70.4%) participants were in normal weight range before
pregnancy, there were no cases of underweight BMI
range in the study. Mean weight gain during pregnancy
was 10.6 (5.9), Me 10 (7;13) kilos. All participants had
normal values of weight gain during pregnancy, consider-
ing their initial BMIL.
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In line with the study’s aim, vitamin K levels, includ-
ing vitamin K1(reference values: 0.13-1.19 ug/L), vita-
min K2 MK4 (reference values: 0.1-0.86 pg/L) and
vitamin K2 MK?7 (reference values: 0.1-0.82 pg/L) were
assessed among participants. The mean value of stud-
ied fractions was 0.18 (0.21), Me 0.14 (0.0;0.24) pg/L
for vitamin K1, 0.25 (0.23), Me 0.19 (0.15;0.30)ug/L for
vitamin K2 MK4 and 0.19 (0.13), Me 0.19 (0.11;0.30)
pg/L for vitamin K2 MK?7 (Fig. 1).

Despite the fact that there were normal average lev-
els of the studied vitamin K groups, it was found that
normal values of all the assessed vitamin K fractions
occurred in 29/71 (40.8%) cases (Fig. 2).

Besides that, we were interested in how the sever-
ity of the condition influenced the vitamin K level
in women, included in the study. Hence, the study
revealed the mean value of vitamin K1 was 0.18 (0.22),
Me 0.13 (0.0;0.25) pg/L in mild ICP and 0.17 (0.19), Me
0.14 (0.0;0.22) pg/L in severe condition. In women with
mild ICP mean vitamin K2 MK4 level was0.23 (0.15),
Me 0.19 (0.15;0.32) pg/L and in severe ICP it was 0.29
(0.36), Me 0.21 (0.15;0.27) pg/L. Thus, mean vitamin
K2 MK?7 level in mild condition was 0.21 (0.14), Me
0.21 (0.11;0.31) pg/L, mean level of vitamin K2 MK7
in severe ICP was 0.16 (0.11), Me 0.15 (0.10;0.22) pg/L,
Fig. 3.
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Analysis of the contingency relation between the level
of biliary acids and hypovitaminosis of all studied frac-
tions of vitamin K in women with ICP revealed no statis-
tically significant association between hypovitaminosis K
and the severity of the condition, Table 1.

In order to estimate the presence and severity of coag-
ulation disorders in women included in the study, we
conducted a comparative analysis of the coagulogram
indices: fibrinogen (reference values: 3.7-6.2 g/L), pro-
thrombin by Quick (reference values: 70-120%) and
international normalized ratio (INR) (reference values:
0.8-1.4). Thus, it was found that vast majority of women
had normal coagulogram. However, 1/71 (1.4%) case of
modifications in blood clotting was found with the fol-
lowing values: fibrinogen — 1.9 g/L, prothrombin by
Quick — 65.6%, INR —1.53. Therefore, we compared mean
level of coagulogram indices in women with mild and
severe ICP, Table 2.

In order to assess possible complications in labor,
the timing and method of delivery, the frequency and
category of cesarean sections, and blood loss dur-
ing childbirth were studied. The analysis revealed
increased frequency of preterm births among women
with ICP (19/71 (26.8%)), although at term births
prevailed — 52/71 (73.2%) cases. Vaginal births were
more common (41/71 cases (57.7%)), although the
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rate of cesarean sections was 42.3% (30/71) in women
with ICP. Average estimated total blood loss was 480
(190) ml. At the same time, we compared estimated
total blood loss in women who gave birth naturally
with those who had a c-section. Therefore, aver-
age estimated blood loss in vaginal delivery was 376

(133) mL vs 688 (117) mL in women who had a cesar-
ean section. It should be noted that in 4/41 (9.7%)
cases the total blood loss during vaginal delivery
was more than 500 mL, among which 1/4 (25.0%)
women had massive blood loss (1000 mL), managed
conservatively.
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Table 1 Contingency between level of biliary acids and
hypovitaminosis of studied fractions of vitamin K in women with
ICP

#  Criteria Mild ICP Severe ICP X P
n=50 n=21
(abs., %) (abs., %)
1 Vitamin K1
Hypovitaminosis 25 (50.0%) 9 (42.9%) 0.084  0.7721
Normal values 25 (50.0%) 12 (57.1%)
2 Vitamin K2 MK 4
Hypovitaminosis 3 (6.0%) 0 0.251 06166
Normal values 47 (94.0%) 21 (100.0%)
3 Vitamin K2 MK 7
Hypovitaminosis 9 (18.0%) 4(19.0%) 0.011 09170
Normal values 41 (82.0%) 17 (81.0%)
4 Vitamin K - all studied fractions
Hypovitaminosis 30 (60.0%) 12 (57.1%) 0.050 0.8231
Normal values 20 (40.0%)  9(42.9%)

Table 2 Mean level of coagulogram indices in women with mild
and severe ICP

# Criteria Mild ICP SevereICP t P
n=50 n=21
M (SD) M (SD)
1 Fibrinogen, g/L 45(0.9) 4.7 (1.3) 0.7453 0.4586
2 Prothrombin by Quick, % 110.1(184) 1196 (143) 2.1103 0.0385
3 INR 0.99(0.11)  095(0.11) 13984 0.1665
Discussions

There is not enough evidence in the literature to charac-
terize the effects of vitamin K during pregnancy. Vitamin
Ks effects on chronic renal disease, coronary heart dis-
ease, osteodystrophy, osteoporosis, and other disorders
have been well researched in the general population [4,
8]. Furthermore, there is evidence of a probable involve-
ment for hypovitaminosis K in the pathogenesis of Alzhei-
mer’s disease, although further research is required [14].
At the same time, because vitamin K is required for bone
metabolism, it has been used as a safe treatment for preg-
nancy-related osteoporosis [15, 16]. Vitamin K2 has been
demonstrated to suppress some cancer cells without caus-
ing side effects, making it a promising chemical for can-
cer prevention and treatment [12]. Vitamin K2 has been
shown in clinical tests to have the potential to improve the
prognosis of cancer patients [17].

Vitamin K deficiency can pose a significant health risk
to both the mother and the fetus, which can cause bleed-
ing, especially in newborns. Hemorrhage in these cases
occurs due to low levels of prothrombin, which is a sub-
stance that depends upon vitamin K. Vitamin K deficiency
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may be considered clinically significant when prothrombin
time increases significantly due to decreased prothrombin
activity in the blood [4]. Vitamin K deficiency is extremely
rare in the general adult population, although it can occur
in cases of vitamin malabsorption due to an associated
condition. The role of vitamin K during pregnancy is
mostly unknown. However, nutritional requirements gen-
erally increase during pregnancy, so the risks of clinically
significant nutritional deficiencies also increase, espe-
cially among women with poor nutrition [18]. Moreover,
maternal malnutrition not only has short-term effects but
also causes various fetal pathologies that can manifest in
the long term, affecting metabolic, immune and cognitive
functions and having an influence on neurological devel-
opment [19]. Kenyon et al. found that women who did not
take vitamin K had a higher rate of postpartum hemor-
rhage than women who took vitamin K supplements (45%
vs. 12%, respectively) [20]. Furrer R. et al. found no change
in post-partum hemorrhage rate in women with ICP when
compared to the control group, leading the authors to con-
clude that the relevance of vitamin K in ICP post-partum
hemorrhage is debatable [21].It should be mentioned that
the serum level of vitamin K in enrolled women was not
assessed in this study. At the same time, Maldonado M. et
al. described a severe vitamin K deficiency and ICP-related
coagulopathy in a case report, implying a direct relation-
ship between the two [22]. The authors of this case report
stated that there was no clear evidence as to whether intes-
tinal malabsorption or insufficient food intake was the
cause of hypovitaminosis K. However, the patient’s low
body mass index led the authors to suspect that a dietary
issue was the reason for vitamin K deficiency in this case.
On the other hand, Lees J. et al. did not find cases of coagu-
lopathy in women with ICP; the authors suggest that it a
large representative cohort must be studied to determine
the true incidence of coagulopathy in ICP [23].

One of the study limitations is the number of par-
ticipants enrolled in the research. Further large-scale
research is needed in order to establish the real incidence
of hypovitaminosis K in women with ICP.

Conclusions

Vitamin K levels have traditionally been assessed indirectly
using prothrombin time, prothrombin by Quick and INR
values. While a prolonged prothrombin time is a late indi-
cator of vitamin K deficiency, the above markers are more
likely to indicate vitamin K activity than its actual level. Vita-
min K insufficiency appears to be underreported in the ICP
group. To the best of our knowledge, there were no other
studies that assessed vitamin K levels in women with ICP. As
a result, the authors believe that current study contributes
with evidence based scientific knowledge, and provides data
regarding vitamin K levels in pregnant women with ICP.
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