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ABSTRACT

Background: Vitamin D deficiency has been reported in children using antiepileptic
drugs. Multiple antiepileptic drugs may conceivably increase the risk of vitamin D
deficiency.

Aim of the work: to determinate the vitamin D status and risk factors for vitamin D
deficiency in children with refractory epilepsy.

Patient and method: Fifty refractory epileptic patients and fifty matched healthy
subject participated in the study collected by simple random methods. This study was
carried out in both General pediatric and Neurology Outpatient Clinics in Bab El-
Sheria Hospital, Cairo, Egypt. In the period from April 2019 to November
2020.Measurements of serum levels of 25-OH Vitamin D, calcium, phosphorus,
parathormone, and alkaline phosphatase were done for included subjects.

Results: Serum 25-OH Vitamin D, calcium and phosphorus were significantly lower,
whereas serum parathormone and alkaline phosphatase were significantly higher in
epileptic children compared to control subjects. Epileptic children treated with
antiepileptic drugs which increase catabolism of vitamin D by inducing CYP 450 had
significantly lower serum (calcium, phosphorous, and vitamin D) values compared to
those receiving non enzyme inducing CYP 450.

Conclusion: The prevalence of vitamin D deficiency is common in children with
epilepsy treated with antiepileptic drugs which increase catabolism of vitamin D by
inducing CYP 450 as carbamazepine, Phenytoin or phenobarbital.

Recommendation: Hence vitamin D status of children treated with these drugs should
be regularly monitored and vitamin D supplements should be considered on an
individual basis.
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INTRODUCTION

Epilepsy is a chronic no
communicable disease of the brain
that affects around 50 million
people worldwide. It IS
characterized by recurrent
seizures, which are brief episodes
of involuntary movement that may
involve a part of the body (partial)
or the entire body (generalized)
and are sometimes accompanied
by loss of consciousness and

control of bowel or bladder
function.!
Epidemiological studies on

drug-resistant epilepsy have until
recently been limited by lack of a
standardized definition. In 2012, a
taskforce  appointed by the
International  League  against
Epilepsy (ILAE) proposed an
operational definition for drug
resistant epilepsy as “the failure of
adequate trials of two tolerated,
appropriately chosen and used
antiepileptic ~ drug  schedules
(whether as monotherapies or in
combination) to achieve sustained
seizure freedom.?

Vitamin D is an essential
nutrient in humans; it is produced
by the body through exposure to
the sun (the primary source of
vitamin D), or more precisely, to
mild ultraviolet B (UVB) light.
Other sources of vitamin D

include  food and
supplements.®

dietary

Chemically, vitamin D2 was
first characterized in 1932, and
vitamin D3 was characterized in
1936. Currently, vitamin D is
known as a hormone that regulates
calcium-phosphorus homeostasis
and protects the integrity of the
skeletal system.* Vitamin D levels
are influenced by many factors,
including the season, period of sun
exposure, time of the day, latitude,
and use of sunscreen, clothing,
skin color, body weight, and
medical conditions.®

The  association  between
vitamin D, antiepileptic drugs
(AEDs) and poor bone health in
epileptic patients is known®. In
children this issue is particularly
important because they use AEDs
during the time of maximum bone
mineralization’. Seizures, neuro
motor dysfunction, long term
treatment with medications affect
bone health of epileptic children
and vitamin D deficiency creates
additional risk for poor bone
health®.

AEDs increase the catabolism
of vitamin D via the induction of
cytochrome P450 system®. Non-
enzyme inducing AEDs (e.g.,
valproic acid) have also been
associated with poor bone health®.
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Poly  pharmacotherapy in
epileptic patients is a risk factor
for vitamin D deficiency. In
addition to poly pharmacotherapy,
children with refractory epilepsy
might have additional risk factors
like cognitive impairment and
psychiatric disturbances due to
frequent seizures, motor
dysfunction related immobility
and frequent respiratory infections
in which vitamin D may be
beneficial. 1!

PATIENTS AND METHODS

This case-control study was
carried on 100 subjects (50
Refractory  epileptic  children
(group A) and 50 healthy matched
subjects (group B)) they were

collected by simple random

methods.

Refractory epileptic children

were subdivided into two

subgroups:

e Group (Al) treated with
AEDs which increase

catabolism of vitamin D by
inducing CYP 450 e.g.
carbamazepine, Phenytoin or
phenobarbital (N= 29).

e Group (A2) treated with
AEDs which non inducing
CYP 450 e.g. Valproate
sodium, Levetiracetam,
Lamotrigine, Topiramate,
Clonazepam (N=21).

This study was carried out in
both  General pediatric and
Neurology Outpatient Clinics in
Bab EI-Sheria Hospital, Cairo,
Egypt. In the period from April
2019 to November 2020.

Inclusion criteria:

The inclusion criteria for the
children (group A):

o Age: above one year old till
sixteen years old.

* Inadequate seizure control
despite appropriate therapy
with at least 2 AEDs in

maximally tolerated doses for
1 years.

Exclusion criteria:

The exclusion criteria for the
children:

« Patients with age below one
year or above sixteen years
old.

e Children who were already on
vitamin D supplementation at
the time of study.

* Children diagnosed as rickets
before study.

o Patients suffering from any
systemic chronic illness other
than epilepsy.

For all included patients, the
following was done:

1690



EVALUATION OF VITAMIN D STATUS IN CHILDREN WITH REFRACTORY EPILEPSY

Ahmed Atia Ali, Hatem El-Sayd Mohamed, Ibrahim Metwaly Bayomy, Ahmed Ibrahim Mostafa

» Complete history: A complete
history taking with stress on
vitamin D supplementation and
AEDs intake (types&duration).

* Clinical evaluation: A
complete clinical evaluation
includes (Anthropometric

measurements and a clinical
examination of the nervous
system in particular and
examination of the rest of the
body's systems in general).

» Laboratory evaluation:

1. Serum 25-hydroxy vitamin
D (25-OHD).

2. Serum calcium (Ca).
3. Serum Phosphorus (PO4).

4. Parathyroid hormone
(PTH).
5. Alkaline phosphatase
(ALP).
Ethical considerations:
1. Approval of the ethical
committees  of  Al-Azhar

faculty of medicine & pediatric
department was  obtained
before the study.

2. Informed consent was obtained
from parents of all included
children.

3. The aim of the study & all
investigations as well as the

risks & benefits of study have
been explained to parents of
the patients.

4. The authors declared no
potential conflicts of interest
with respect to the research,
authorship and/or publication
of this article.

5. All data of patients & results of
study are confidential &
patients have the right to keep
it.

6. The patient has the right to
withdraw from the study at any
time.

Statistical analysis of data:

The collected data were
organized, tabulated and
statistically analyzed using SPSS
software  statistical  computer
package version 25 (SPSS Inc,
USA). For quantitative data, the
mean and standard deviation (SD)
were calculated. Independent t-
test was used as a test of
significance. Qualitative data were
presented as number and
percentages, chi square (y2) was
used as a test of significance. For
interpretation of results of tests of
significance, significance was
adopted at P <0.05.
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RESULTS
Table (1): Demographic data of both studied groups
Groups | Refractory Control Indiﬁizsent
group (A) group (B) = Significance
Variables N=50 N=50 T
value
Age Mean
(months) +SD 6754419 | 71.5+46.6 | 0.444 | 0.657 NS
Body Mean
weight (kg) +SD 22.1+9 21.1+98 | 1.035 | 0.303 NS
Height Mean
flength (cm) |  +SD 107.6+22.4 | 109.9+21.6 | 0.526 | 0.600 NS
BMI Ve | 155413 | 164112 | 3532 | 0.001 HS
Chi- square
test
Sex X2 P-
value NS
Male 28(56%) 30(60%)
Female | 22(44%) | 20(a0%) | 0164 | 0685
. Rural 24(48%) 18(36%)
residence Urban 26(52%) 32(64%) 1478 | 224 NS
+Family +ve 10(20%) 3(6%)
history -ve 40(80%) 47(94%) 4.332 | 037 NS

difference was found between
the two studied group regarding
age, sex, weight, height,
residence and family history.

This table shows that there is
a highly statistically significant
deference between group (A) and
group (B) regarding BMI. While
no statistically significant
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Table (2): Comparison of laboratory results in both studied group

Group ngfﬁﬁgr Control Independent t-test
group (B) Significance
Serum level (_A) N=50 T P-value
N=50
Mean 235 334
V?fagr)[) +SD +8.7 +111 | 4598 |  0.000 HS
Range 27 50
Mean
(n?%l) +SD 8.2¢1 8.9+09 | 3313 0.001 HS
g Range 4 3.7
Po4 Mean 3.76 4.22
o °/ i +SD +0.76 +0.74 2.976 0.004 HS
(mo/dl)  Range 34 2.7
ALP Mean 250.2 167.46
(mg/l) +SD | +107.38 +88.92 | 3.738 0.000 HS
g Range | 293 267
PTH Mean 65.21 4481
(pa/m) +SD +22.54 +20.75 | 4.221 0.000 HS
P9 Range 70 74.4
This table shows that there the two groups as regarding 25
was a statistically  highly (OH) vitamin D, Ca+, Po4, ALP
significant difference between and PTH.

Table (3): Comparison between the two studied groups regarding
25(0OH) vitamin D levels

Group | Refractory Control Chi-square
group(A) group(B) test
N=50 N= 50 Significance
25 (OH) ) P-
vitamin D No. v No.| % X value
Deficient o o
(<20 ng/mL) 27 | 54% | 10 | 20%
Insufficient 0 0
(20-30 ng/mL) 10 | 20% | 6 | 12% | 18.19 | 0.000 HS
Sufficient o 0
(>30 ng/mL) 13 | 26% | 34 | 68%
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This table shows that there group (A) and group (B) as
was a statistically  highly regarding 25 (OH) vitamin D
significant difference between degrees.

Table (4): Comparison between refractory subgroups regarding
laboratory finding

Groups |  Emayme | Non | Independentt
in(z'l:ii)ng inducing p. Significance
Serum level N =29 N(é22)1 T value
25(0H) | oo | 1878429 | 3015£9.08 | , oo | o000 "
vitamin D Range 20 24.5
Ca+ Ve | 773e68 | 886104 2309 | 0.000 "
(mg/d) Range 2.6 3.2 . '
Po4 'Z'ga[;‘ 3.47+.67 416+71 | 5a0 | o001 Hs
(mg/d) Range 3.4 2.3 . '
(ﬁ]'jl’) Yeb | imas | 177952940 | 4 ool 0o HS
Range 283 248
PTH '}_r"ga[;‘ 7552417.73 | 50.9820.98 | 4o | 0001 Hs
(pg/ml)  Range 62 65
This table shows that there group (Al) and group (A2)
was a statistically  highly regarding 25 (OH) vitamin D,
significant difference between Ca+, Po4, ALP and PTH.

Table (5): Comparison between refractory subgroups and control
group regarding 25 (OH) vitamin D level

Refractory group (A)
Groups Enzyme Non Control One Way ANVOA test
. . enzyme
inducing | . . (B)
SR -
Serum level _ 2 - -
N=29 N=21 F value Significance
20 (OH) | MO | 235487 | 9% | 33,4411
vitamin | +SD T . T
19.3 | 0.000 HS
D
(ng/ml) Range 27 24.5 50
Post Hoc Analysis
Group(A1) | Group (A1) | Group (B)
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VS. VS. VS.
Group (B) Group (Az2) Group (Az2)
0.000 .001 0.377
This table shows that 25(0OH) compared to group (B) and in
vitamin D level have statistically group (A2) respectively
significant decrease in group (p<0.05), while no statistically
(Al). Post Hoc test shows that 25 significant decrease in  group
(OH) vitamin D level was (A2) when compared to group
deficient in group (Al) when (B) (p>0.05).
o 00|
£
;
.‘:;"
T
)
8 x|
5
§
3
2000
Group A1 Group Az Group B

Figure (1): Comparison between Refractory subgroups and control
group regarding mean of 25 (OH) vitamin D
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Table (6): Correlation between 25 (OH) vitamin D levels and
duration of AEDs treatment in refractory subgroups

25 (OH) vitamin D level Kruskall-
Duration of AEDs (ng/ml) Wallis test Significance
usage Mean £ Ranae Median K P- g
sD % | (10R) value
Enzyme | 24m< | 26.8+7.9 18 29
lntzx(il)ng 24-48 | 18.84£3.7 11 181 6527 | 0.038 NS
N=29 48> 17.5%£2.5 10 17
Non 24m< 28.22+ 8 19.1 27
enzyme | 24-48 | 30.33%£8.6 22 29.2
inducing 0.101 | .951 NS
(A2) 48> 30.8£10.5 245 37.3
N =21
This table shows that there is of AEDs usage among the

no statistically  significant
difference  between  25(OH)
vitamin D level and the duration

DISCUSSION

Epilepsy is one of the most
prevalent neurological disorders of
childhood and most of the children
with epilepsy require long-term
therapy with antiepileptic drug*2.

Refractory epilepsy can be
defined as inadequate seizure
control despite appropriate
medical therapy with at least 2
AEDs in maximally tolerated
doses for at least 18 months- 2
years or adequate seizure control
with unacceptable drug-related
side effects’®. About 30 % of
patients suffer from drug-resistant
epilepsy*“.

refractory subgroups respectively
(p>0.05).

Vitamin D plays several roles
in modulation of cell proliferation,
differentiation, neurotransmission

and immune response in the
central nervous system, In
addition, vitamin D plays an

important role in the regulation of
calcium homeostasis and nerve
excitability?®.

Anti-epileptic drugs may have
some complications on bone and
vitamin D metabolism?.

Our aim in this study was to
evaluate vitamin D status and risk
factors for vitamin D deficiency in
children with refractory epilepsy.
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In our study regarding to
demographic data we found that:
In group A (refractory group) the
mean age (months) was
(67.5+41.9) vs. (71.5 £ 46.6) in
group B (control group), (p=
0.657). And the percent of both
male and female sex was (56%
males and 44%females) in group
A, and (60% males and
40%females) in group B (p=
0.685) With no statistical
significant difference between the
three studied groups.

Our findings are in agreement
with those of Jaydip et al. (2017)
who reported that there was no

statistical ~ difference regarding
demographic data (age and
gender) among the studied

groups'®. Also Jung et al. (2014)
reported that there was no
significant difference regarding
age and sex in the studied groups
of his study*’.

This  study revealed a
statistically significant difference
in the serum level of laboratory
finding between refractory
patients and control group. Serum
calcium, phosphorus, and vitamin
D were significantly lower,
whereas serum alkaline
phosphates and parathormone
were significantly higher in
patients compared to controls.
This goes in agreement with most
previous studies (Oner et al.
2004; Hamed et al. 2014; Pack,

2004; Mintzer 2010 and Verrotti
et al 2010).18, 19,20,21,22

The present study established
that the mean 25-hydroxyvitamin
D levels was significantly lower in

refractory  epileptic  children
(23.5+£8.7) ng/ml compared to
controls (33.4+11.1) ng/ml

(P<0.0001).Similar to a study of
Malik et al. (2014) the mean level
of 25-hydroxyvitamin D was
lower among cases (28.79 =+
33.85) in contrast to controls
(mean 47.62 + 46.16)%%. However,
some studies have found no
relationship between deficiency of
25-hydroxyvitamin D and epilepsy
(Pack, 2003; Babayigit et al.
2006 and Razazizan et al.
2013)24, 25,26

Voudris et al., (2005) and
Babayigit et al., (2006) found no
significant association of calcium
levels with epilepsy?> ',

This  study revealed a
statistically significant difference
in the serum level of laboratory
finding between group Al and
group A2. Serum calcium,
phosphorus, and vitamin D were
significantly lower, whereas serum
alkaline phosphates, and
parathormone were significantly
higher in group (Al) compared to

group  (A2).This goes in
agreement with most previous
studies (Pack et al, 2004,

Feldkamp et al. 2000; Farhat et
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al. 2002 and Ecevit et al.,
2004).28,29,30,31

Enzyme inducers have several
mechanisms which affect vitamin
D, calcium, and phosphorus
metabolism than enzyme
inhibitors. They induce CYP 450
and pregnane X receptor (PXR)
activation which in turn increases
catabolism of wvit. D, with
subsequent decrease in serum
calcium and phosphorus level as

well as secondary
hyperparathyroidism. This
increases bone turnover with

subsequent increase in alkaline
phosphatase level as a marker of
bone resorption.*?

On the contrary, Kafali et al.
(1999) failed to find significant
decrease in serum calcium and
phosphorus levels with the use of
enzyme-inducing AEDs in
comparison  to non-enzyme
inducers®,

The present study established
that mean 25-hydroxyvitamin D
levels was significantly lower in
group (A1) (18.78+4.29)
compared to group (A2) (30.15+
9.08) (P<0.0001). In similar a
study, Eptesam et al. (2018)
found that the mean level of 25-
hydroxyvitamin D was lower
among cases (18.7 + 6.1) in
contrast to controls (27.9 + 6.2)%

However, some studies have
found no relationship between
deficiency of 25-hydroxyvitamin
D and epilepsy (Pack, 2003,
Babayigit et al. 2006 and
Razazizan et al. 2013).24 % 26

In the current study we
compare between enzyme
inducing group (Al) and non-
enzyme inducing group (A2) with
control group (B), we found there
was highly significance decrease
in 25 (OH) vitamin D in group
(Al) when compared with group
(A2) and group (B). But there is
no significant difference when
comparing group (B) with group
(A2). These finding agree with
Eptesam et al., (2018).3*

However, some studies have
found no relationship between
deficiency of 25-hydroxyvitamin
D and epilepsy (Pack et al. 2003;
Babayigit et al. 2006 and
Razazizan et al. 2013).24 25 26

Also in our study we found no
correlation between 25-
hydroxyvitamin D deficiency and
duration of treatment with AEDs.
These result agree with Pack
(2003) and Razazizan et al.
(2013)?+ 25, But In another study,
49%  acquired vitamin D3
insufficiency within 3 months of
AEDs Nicolaido et al., (2006).
Farhat et al., (2002) noted that
exposure to AEDs for more than
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six month leads to vitamin D
deficiency in 35%.30 %

CONCLUSION

The prevalence of vitamin D
deficiency is common in children
with  epilepsy treated with
antiepileptic drugs that increase
catabolism of vitamin D by
inducing CYP 450 e.g
carbamazepine,  Phenytoin  or
phenobarbital.

We found no correlation

between 25-hydroxyvitamin D
deficiency and duration of
treatment with AED:s.

RECOMMENDATION

e Vitamin D supplementation is
mandatory for epileptic patients
especially those treated with
AEDs that inducing CYP 450.

» Periodic measurement of
vitamin D is recommended for
epilepsy patients even for those
without skeletal manifestations
to avoid other morbidities
associated with vitamin D
deficiency.

* Further longitudinal studies
including large number of
pediatric epileptic patients to
assess the prevalence of vitamin
D deficiency and its potential
effects on the course and
complications of the disease.

Study limitations:

The current study had the
following limitations:

» The results were from a single
medical Centre.

e Children whom parents refuse
to participate in this study.

o Costs of laboratory studies
especially 25(0OH) vitamin D
&PTH.
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