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Background: Febrile seizure is the most common neurological disorder
in childhood. The exact pathophysiology of febrile seizures is unknown.
Recent studies showed the role of vitamin K in nonhematological and in-
flammatory disorders. This study aimed to investigate the serum vitamin
K levels in children with febrile seizures.

Aims: To evaluate vitamin K levels in children with febrile seizures.
Study Design: Prospective case-control study.

Methods: This multicenter study examined representative populations
in 8 different cities in Turkey between April 1, 2018 and April 1, 2019.
Blood samples were taken from all children at presentation. Vitamin K1,
vitamin K2, tumor necrosis factor-alpha, interleukin 1 beta, and interleu-
kin 6 levels were determined by enzyme-linked immunosorbent assay.

Results: A total of 155 children were included in the study—=84 children
with febrile seizures and 71 children in febrile control group. Serum vi-
tamin K1 and vitamin K2 levels were also higher in children with febrile
seizures than in the controls. The results of statistical analysis showed
that vitamin K1 and vitamin K2 levels were correlated with tumor ne-
crosis factor-alpha, interleukin 1 beta, and interleukin 6 levels. The medi-
an vitamin K1 and vitamin K2 levels of children experiencing their first
febrile seizure were higher than those in children with recurrent febrile
seizures. Type of febrile seizure has no effect on serum vitamin K1 and
vitamin K2 levels.

Conclusion: In children with febrile seizures, vitamin K levels are higher
than those in the control group. These new findings may contribute to elu-
cidating the etiopathogenesis of febrile seizures.

The precise pathophysiology of febrile seizure (FS) is uncertain.
Clinical and experimental studies showed that genetics, inflam-
mation, and cytokines are involved. The most searched cytokines
include interleukin (IL)-6), IL-1b, and tumor necrosis factor-alpha
(TNF- a).™*

The 2 natural sources of vitamin K are phylloquinone (vitamin K1)
and menaquinone (MK) (vitamin K2). Vitamin K1, synthesized
in plants, is the main source of dietary vitamin K in the western
world. Vitamin K2 is derived mainly from intestinal microbiota
and fermented food.> On the basis of the variations in the side-
chain structure, vitamin K2 divides into a sequence of chemically
related compounds called MKs.>" It serves as a cofactor in vitamin
K-dependent proteins for the enzymatic modification of glutamic

acid residues into y-carboxyglutamic acid through vitamin K-de-
pendent y-glutamyl carboxylase.®*

Vitamin K has important biological actions, including those in the
synthesis of several blood coagulation factors and in connection to
bone metabolism and vascular changes. Recent studies showed that
vitamin K levels were found to be related to inflammation.>*'> The
process of carboxylase is present in nearly all mammalian tissues,
and 2 vitamin K-dependent proteins (VKDPs) have been found in
the brain (Gas6 and protein S). Gas6 has been demonstrated to en-
courage brain cell survival and protect them from TNF-a-induced
injury.'*!'* Results from a research by Reddi et al.” showed that the
status of vitamin K in humans is inversely correlated with the lev-
els of inflammatory markers that circulate. The role of vitamin K
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has been rarely researched in neurological diseases''® and there
are no previous studies on the presence of seizures. In this study,
we aimed to investigate serum vitamin K levels in children with FS
and compare them with their roles in febrile controls.

MATERIAL AND METHODS

Patient information
This prospective multicenter research was conducted between
April 1,2018 and April 1, 2019 in 8 different cities. The study was
approved by a local ethical committee and supported by a univer-
sity research grant. Documented written consent had been received
from the parents of all the children.

Previous medical history and demographical characteristics of all
children have been recorded. The use of antibiotics was recorded
within the last 15 days. Detailed physical examinations, including
neurological examinations, were performed.

The control group included age-matched children who were diag-
nosed with febrile disease but who did not have seizures and had
no known history of previous FSs.

Laboratory analysis

Blood samples (3 cm?) were collected in a serum separation tube
from the seizure within 1 hour. The serum was immediately cen-
trifuged and stored at —80°C. Vitamin K1, Vitamin K 2, TNF-a,
IL-1pB, and IL-6 levels were analyzed using an enzyme-linked im-
munosorbent assay (ELISA) kit, which is available commercially.
The experiments were carried out on the instructions of the manu-
facturer (ELISA Assay Kits, BioTek, Winooski, VT, USA). To im-
prove accuracy, all samples were measured in duplicate.

Statistical analysis
The levels of Vitamin K1, K2, TNF-a, IL-1p, and IL-6 are pre-
sented in the descriptive statistics tables as mean, median, standard
deviation, and minimum and maximum values. Owing to the non-
parametric distribution of these parameters, Mann-Whitney U and
Kruskal-Wallis analyses were conducted to compare the medians
of these parameters between the patients with FSs and controls.
Analysis of correlation was conducted with Spearman correlation
analysis, and multivariate logistic regression analysis was per-

TABLE 1. Demographic and Clinical Findings of the Study Group

Patients with febrile

seizures n (%) Control group n (%) P

Age, months, mean +SD

Age (min-max) 25.59+14.58 (3-60)  36.36+20.33 (6-60)  0.156

Gender (male/female) 51/33 45/26 0.431
Source of fever

Upper respiratory tract 60 (71.4) 37(52.1)

infections

Lower respiratory tract 8(9.5) 19 (26.8)

infections

Acute gastroenteritis 10 (11.9) 14 (19.7)

Other infections 6(7.2) 1(1.4)

max, maximum; min, minimum; SD, standard deviation.
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formed. The Statistical Package for the Social Sciences for win-
dows 15.0 (SPSS Inc.; Chicago, IL, USA) was used for all analy-
ses, and analysis was considered significant if P < 0.05.

RESULTS

Patient characteristics

The study was conducted with 155 children: 84 children with FS
(51 male and 33 female) and 71 children (45 male and 26 female) in
the febrile control group. Sex distributions were similar between the
group with FS and the control group (P =0.431). The mean age of the
group with FS was 25.59 + 14.58 (minimum-maximum value of 3-60)
months, and the mean age of the febrile control group was 36.36 +
20.33 (minimum-maximum value of 6-60) months (P = 0.156). Lab-
oratory features, including white blood cell counts, prothrombin time
(PT), and activated partial thromboplastin time (aPTT), were similar.

Furthermore, 49 children (58.3%) experienced their first FS epi-
sode, and the median age of the recurrent group was higher than
that of others. In the study group, 71.4% of seizures (60 of 84) were
classified as simple FS. Positive family history for FS was present
in 52.4% of children (44 of 84), and no correlation was determined
between positive family history and the number of FS experienced.
Demographic and clinical features are summarized in Table 1.

Laboratory analysis
Serum vitamin K1, vitamin K2, IL-1f, TNF-a, and IL-6 levels in
the group with FS were all higher than those in the control group
(P <0.001 for all) (Table 2). In children with first FS, the median

TABLE 2. Serum Vitamin K1 and Vitamin K2 Levels in Patients with Febrile
Seizure and Control Group

Laboratory param- Patients with febrile

eters seizures (n = 84) Control group (n=71) P
Vitamin K1
(ng/mL)
Median (min-max) 11.1 (0.85-25.9) 3.36 (0.19-19.9)
<0.001*
Mean (SD) 11.67 (7.4) 6.03 (5.55)
Vitamin K2
(ng/mL)
Median (min-max) 659 (34-1403) 244 (1.77- 1295)
<0.001*
Mean (SD) 675.6 (418.6) 419.6 (371.6)
TNF-a (ng/mL)
Median (min-max) 512.95 (31.9-1322.2)  212.6 (39.3- 1065.0) 0.001*
<0.
Mean (SD) 618.9 (401.9) 332.7 (284.6)
IL-1B (pg/L)
Median (min-max) 4426.6 (280.8-8568.3) 1776.7 (221.5- 7817.4) 0.001%
<0.
Mean (SD) 4658 (2732) 2706 (2198)
IL-6 (ng/mL)
Median (min-max)  314.1 (13.6-80.8) 123.1 (21.4- 610.7)
<0.001*

Mean (SD) 368.1(242.9) 214.9 (176.9)

* P values are calculated by Mann-Whitney U test because of distribution of the param-
eter is nonparametric.
IL, interleukin; max, maximum; min, minimum; SD, standard deviation; TNF-q, tumor
necrosis factor-alpha.
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TABLE 3. Serum Vitamin K1, Vitamin K2, TNF-a, IL-1f, and IL-6 Levels Between the Patients Who Had First seizure and Those Who Had Recurrent Seizure

Laboratory parameters First seizure (n =49)  Recurrent seizure (n = 35) P1 Control (n=71) P2 P3
Vitamin K1 (ug/mL)
Median (min-max) 14.1 (0.85-25.9) 6.9 (1.5-23.7) 0.025 3.36 (0.19-19.9)

P2<0.001 P3=0.01
Mean (SD) 13.32(7.8) 9.36 (6.3) 6.03 (5.55)
Vitamin K2 (ng/mL)
Median (min-max) 814.8 (34-1,403) 446 (83-1,283) 0.034 244 (1.77-1,295)

P2<0.001 P3=0.032
Mean (SD) 758.02 (422.8) 560.30 (389.8) 419.6 (371.6)
TNF-a (ng/mL)
Median (min-max) 855.9 (31.9-1,322.2) 364.5 (48.7-1,178.6) 0.012 212.6 (39.3-1,065.0)

P2<0.001 P3<0.018
Mean (SD) 719.5 (413.6) 478.1 (343.1) 332.7 (284.6)
IL-1B (pg/L)
Median (min-max) 6,183.8 (280-8,568) 3,611.8 (489.5-8,378) 0.029 1,776.7 (221.5-7,817.4)

P2<0.001 P3<0.010
Mean (SD) 5,209 (2,778) 3,886 (82,504) 2706 (2198)
IL-6 (ng/mL)
Median (min-max) 403.4 (13.6-880.8) 259.7 (42.2-799.1) 0.053 123.1 (21.4-610.7)

P2<0.001 P3<0.020
Mean (SD) 417.4 (258.8) 299 (202.6) 214.9 (176.9)
*P values are calculated by Mann-Whitney U test because of distribution of the parameter is nonparametric.
pl, first seizure versus recurrent seizure; p2, first seizure versus control; p3, recurrent seizure versus control.
IL, interleukin; max, maximum; min, minimum; SD, standard deviation; TNF-a, tumor necrosis factor-alpha.
TABLE 4. Multivariate Logistic Regression Results of the Study Parameters

95% CI for Exp(B)

Variables B Exp(B)* Lower Upper P
Age -0.027 0.974 0.953 0.995 0.016
Positive family of FS 1.644 5.178 1.975 13.573 0.001
Positive family of epilepsy 0.190 1.209 0.280 5.227 0.799
Vitamin K1 level 0.276 1.318 1.020 1.703 0.034
Vitamin K2 level -0.005 0.996 0.991 1.000 0.031
TNF-a 0.002 1.002 0.997 1.007 0.551
IL-1B 0.000 1.000 1.000 1.001 0.359
IL-6 -0.002 0.998 0.989 1.006 0.588
Constant -0.322 0.725 — — 0.522
*Qdds ratio.

CI, confidence interval; FS, febrile seizure; IL, interleukin; TNF-o, tumor necrosis factor-alpha.

vitamin K1 and vitamin K2 levels were higher than those in chil-
dren with recurrent FS (P = 0.025 for vitamin K1 and P = 0.034
for vitamin K2). Serum TNF-a and IL-1p levels in the group with
first seizure were all higher than the levels in those with recurrent
seizure (P =0.012 and P = 0.029), whereas serum IL-6 levels were
similar between the 2 groups (P = 0.053) (Table 3). Serum vitamin
K1, vitamin K2, TNF-a, IL-1B, and IL-6 levels in the group with
first seizure and those with recurrent seizure were all higher than
the level in the control group (Table 3). Type of FS has no influ-
ence on the levels of both vitamin K1 and vitamin K2 (P > 0.05).
There was no significant correlation between both vitamin K1 and
vitamin K2 levels and the patient’s age, PT, aPTT, antibiotic usage
within the previous 15 days, and the final diagnosis of patients.

Balkan Med J, Vol. 38, No.2, 2021

In this study, vitamin K1 and vitamin K2 levels were positively
correlated (r = 0.933, P < 0.001). In addition, detailed statistical
analysis showed that both vitamin K1 and vitamin K2 levels were
independently associated with the levels of TNF-a, IL-1p, and IL-6
levels (r=0.973, P <0.001 and r = 0.926, P < 0.001; r = 0.935, P
<0.001 andr=10.912, P <0.001; and r=0.925, P<0.001 and r =
0.899, P <0.001).

Multivariate logistic regression analysis was performed to deter-
mine the effect of some related factors (independent variables)
on the dependent variable. According to the results, age, family
history, FS, vitamin K1, and vitamin K2 variables were found sig-
nificant with the binary logistic regression analysis by controlling
other variables. An increase in age and vitamin K2 levels decrease
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the probability of FS. On the contrary, positive family history and
an increase in vitamin K1 levels increase the probability of being a
patient. The results are presented in Table 4.

DISCUSSION

In this study, the results showed higher serum vitamin K1 and vita-
min K2 levels in children with FS than in febrile children without
FS. Vitamin K is a cofactor of carboxylation of VKDPs in the brain.
Gas6 is expressed in the cerebral, piriform cortex; hippocampus;
thalamic and hypothalamic structures; and midbrain in adult rats.!”
1 Different researches demonstrated that Gas6 has functions in cell
growth, chemotaxis, survival, mitogenesis, and myelination.'*!

Prieto et al.” reported a decline in the expression of Gas6 with age
in a tissue-specific manner, and the reduction was most prominent
in the frontal cortex, with the levels in rats aged 24 months being
> 84% lower than those in rats aged 6 months. However, in the
hippocampus striatum, these ratios were > 50%.?! These age-de-
pendent changes in vitamin K level might have a role in the patho-
genesis of FS, which occurs in a specific age period.

Vitamin K1 is of plant origin. It is rich in green tea, bean, olive,
and leafy green vegetables such as broccoli and spinach, where-
as vitamin K2 has a bacterial origin and is synthesized by Bacte-
roides, Veillonella, and Enterobacter, which are the usual mem-
bers of the intestinal microbiota.'>!® Karl et al.?? investigated the
relationship between bacterially derived vitamin K levels and gut
microbiota and reported that the relative abundance of Bacteroi-
des and Prevotella were associated with MK forms. The develop-
ment of gut microbiota begins at birth, and its stability is achieved
during adulthood. The colonization and expansion of gut bacteria
are dominated by Actinobacteria and Proteobacteria, which shift
toward the one dominated by Bacteroidetes and Firmicutes.'® The
time of this process coincides with the time of FS occurrence. FS
occurs in children aged < 5 years, with peaks in those aged 12-18
months.'* It might be speculated that intestinal dysbiosis might be
involved in the pathogenesis of FS.

Inflammation and cytokines play a crucial role in the pathogenesis
of FS.* Evidence indicates that vitamin K has anti-inflammatory
activity and that this effect is mediated by cytokines, and vitamin K
status in humans has been reported to be inversely correlated with
circulating inflammatory marker levels.”!?

The findings of an animal study showed that vitamin K decreases
rotenone-induced TNF-a, IL-1p, and IL-6 production.”?* In addi-
tion, Grommes et al.”® reported reduced expression of proinflam-
matory cytokines in Gas6-treated cells. In contrast to these reports,
the results of this study showed a positive correlation between vi-
tamin K levels and proinflammatory markers (TNF-a, IL-1f, and
IL-6). The increased expression of vitamin K might be an answer
to proinflammatory cytokines.

Our study has some limitations. The healthy, nonfebrile children
were not taken as a control group. This point might be an import-
ant challenge in this study. Synthetic short-chain vitamin K1 is
widely used in food supplements, and some foods might contain
bacteria-derived MKs, such as salami, cheese, and milk.>?7 A

119

study conducted with healthy volunteers also showed that cir-
culating vitamin Ks were plotted as a time function. The peak
values for both vitamin Ks were seen at about 4 hours after meal-
time, followed by a rapid decline. Vitamin K returned to near
baseline concentrations at 8 hours after mealtime.?® Blood sam-
ples were collected within 1 hour after seizure in this study. The
feeding habits of the participants and the last time the patients ate
food were not questioned in this study. This point might be con-
sidered the second limitation of this study. Although this is a pilot
study, we could not perform a power analysis at the beginning of
the study. Regarding post-hoc analysis, our preliminary results on
vitamin K1 and K2 levels showed the power of this study to be
99% and 97%, respectively.

In conclusion, this study shows that vitamin K levels in children
with FS are higher than those in the control group. To the best of
our knowledge, this study is the first to report the roles of vitamin
K in FS. These new findings may contribute to clarifying the patho-
genesis of FS.
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