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BACKGROUND: Vitamin D deficiency has been linked to various med-
ical conditions such as bone loss, decreased mineralization, endocrine
disorders, and central nervous system disorders, including epilepsy.
Vitamin D deficiency is prevalent among patients with epilepsy (PWE).
However, the specific association between vitamin D levels and age in
PWE is unclear.

OBJECTIVES: Identify the relation between vitamin D level and age in
PWE and evaluate factors that may play a role in seizure control.
DESIGN: Retrospective analytical medical record review

SETTING: Outpatient epilepsy research clinic in Saudi Arabia
PATIENTS AND METHODS: Between November 2016 and April
2020, we selected eligible PWE aged older than 14 years whose vita-
min D levels were recorded at least once after reviewing 1550 patient
electronic files. We analyzed data on serum vitamin D level by age
and other factors, vitamin D supplement use, seizure classification, and
conducted a multivariate logistic regression to assess associations with
seizure control.

MAIN OUTCOME MEASURES: Relationships between vitamin D lev-
els and age and factors that might affect seizure control.

SAMPLE SIZE: 524 patients

RESULTS: The prevalence of low serum vitamin D levels was high
(86.8%). The median vitamin D level in all patients was low (38 nmol/L),
and was lower in young PWE than in adult PWE (P<.01). Only 146 pa-
tients received vitamin D supplements. High vitamin D levels were as-
sociated with a 40% seizure reduction.

CONCLUSION: Vitamin D deficiency is underestimated in PWE in
Saudi Arabia, and is more prevalent among young adults and patients
on polytherapy than in other PWE. Patients with high vitamin D levels
had good seizure control compared with those with low levels. The
effect of vitamin D supplements on seizure control should be further
investigated in randomized control trials.

LIMITATIONS: Retrospective study and no categorization by presence
of supplementation.

CONFLICT OF INTEREST: None.
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VITAMIN D AND EPILEPSY

ntil the last decade, the increasing worldwide

prevalence of vitamin D deficiency has been

overlooked.” It has been linked to various
medical conditions such as weakened bone health, de-
creased mineralization, endocrine disorders, immune-
mediated diseases, and central nervous system dis-
orders, including cognitive impairment and epilepsy.?
Vitamin D has been reported to have neuroprotective,
developmental, and immunomodulatory effects.?

Vitamin D deficiency is highly prevalent and has
been reported in more than half of the adult popula-
tion of a recent study.* Furthermore, it is considered to
be more prevalent among the elderly population, with
clear evidence demonstrating an association between
low vitamin D levels and abnormal bone mineralization
and fractures.®
Low vitamin D levels are often found in patients with

epilepsy (PWE),® and hence, they are at a greater risk of
osteoporosis and fractures.” Calcium and vitamin D re-
placement as well as bone density are important factors
to consider in minimizing the risk of fractures.® Some
studies have reported an association between low vita-
min D levels and antiepileptic drugs (AEDs), especially
cytochrome P-450 enzyme inducers; however, results
have been inconsistent and predominantly observed
among adult PWE. Moreover, there are data that sup-
port improvement in seizure frequency due to vitamin
D supplementation in pediatric PWE.” However, a re-
cent study assessing the anticonvulsant effect of vita-
min D showed no definite association between vitamin
D supplementation and seizure control.’® Because the
relationship of low vitamin D levels with age, duration
of illness, and epilepsy has not been well studied, this
study aimed to identify the relation of vitamin D level
and age of PWE and further evaluate factors that may
play a role in seizure control.

PATIENTS AND METHODS

In this retrospective medical record review we includ-
ed PWE aged 14 years and older whose serum vita-
min D levels were tested and recorded at least once
during regular follow-up at an outpatient clinic of King
Faisal Specialist Hospital and Research Center between
November 2016 and April 2020. The most recent re-
sults were obtained in cases where patients had more
than one reading. Demographic data collected in-
cluded age, gender, age at seizure onset, seizure clas-
sification, duration of illness, risk factors, use of AEDs,
vitamin D level, vitamin D supplementation if adminis-
tered with dosage, and brain imaging and electroen-
cephalography (EEQ) findings. Vitamin D (25-hydroxy
vitamin D) 25-OH D level was categorized into low (<75
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nmol/L) and normal (=75 nmol/L). The type of vitamin
D was also entered. All findings regarding vitamin D
levels were obtained from the same laboratory. Most
of the PWE were on AED before starting vitamin D re-
placement. Data were entered electronically by trained
personnel from the epilepsy department and were re-
viewed by an epilepsy consultant. Follow-up was per-
formed for 3 to 42 months. The study was approved by
the Institutional review board of King Faisal Specialist
Hospital, and the need for consent was waived owing
to the retrospective nature of the study. Confidentiality
and anonymity of participants’ data were affirmed, and
enrollment in the study did not affect the provision of
the best management for the patients.

Statistical analysis, graphical representation, and
regression analysis were performed using IBM SPSS
version 21.0 for Windows (Armonk, New York, United
States: IBM Corp). Vitamin D levels were categorized
as normal or abnormal. We compared vitamin D levels
with 2017 epilepsy classification,'" age, gender, dura-
tion of epilepsy, and antiepileptic medication use. For
all statistical analyses, P values <.05 were considered
significant.

RESULTS

Of 1550 PWE who attended the outpatient clinic, we
identified 524 patients who were eligible for the study
(Table 1). The median age was 32 years (IQR, 23-42;
range 9-86) (Figure 1). Most were females (n=300,
57.3%); The median age of epilepsy onset was 15 years
(IQR, 7-27). More than two-thirds of the patients (363)
had one or more risk factors for epilepsy. In total, 216
(41%) patients used a single AED and 286 (55%) used
two or more AEDs, and only 22 patients (4%) did not
use any AEDs. Structural epilepsy contributed to 67%
of identified epilepsy etiologies according to the cur-
rent international League against Epilepsy classifica-
tions. Furthermore, EEG abnormalities were observed
in more than 70% (364) of patients, and more than half
of the EEG findings showing focal interictal epileptiform
discharges. Sixty-two percent (325 cases) of brain mag-
netic resonance imaging (MRI) findings were abnormal,
and vascular lesions and mesial temporal sclerosis were
noted in around one-third of the cases (Table 1).

Low serum vitamin D level was found in 455 partici-
pants, with a prevalence of 86.8%. The median serum
vitamin D level was 38 nmol/L (range; 6-180 nmol/L),
which is lower than normal levels of 75 nmol/L (Figure 2).

Only 146 (28%) patients received vitamin D supple-
mentation. Serum vitamin D levels varied according
significantly to age, with a significant inverse correla-
tion being observed between age at onset and vitamin
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Table 1. Demographic and clinical characteristics of the
sample (n=524).

Age categories (years)

<20 91(18.8)

21 to <40 282 (58.1)

41 to <60 111 (22.9)

>60 40 (8.2)
Gender

Male 300 (57.3)

Female 224 (42.7)
Duration of illness (years) 14 (11)

Classification

Structural 351 (67)
Genetic 79 (15.1)
Infectious 10 (1.9)
Metabolic 1(.2)
Immune 9(1.7)
Unknown 74 (14.1)
Regimen

Monotherapy 216 (41.5)
Polytherapy 285 (54.5)
None 21 (4)

Electroencephalography

Focal 306 (59.8)
Generalized 62 (12.1)
Normal 144 (28.1)

Data are n (%) for age (P<.01)

D levels (r=0.26, P<.001, 95% confidence interval [Cl];
0.19, 0.34). A similar correlation was also identified
between age at epilepsy onset and vitamin D levels
(correlation coefficient=0.24, P<.001, 95% CI; 0.15,
0.32). Furthermore, in categorizing ages at presenta-
tion into groups of 20 years duration, serum vitamin
D levels were significantly higher in patients older
than 60 years, than in those younger than 20 years
(P<.01, 95% CI; 17.7, 37.7 nmol/L). A similar associa-
tion, but to a lesser extent, was noted when compar-
ing patients aged between 41 and 60 years with those
younger than 20 years (9.3 nmol/L higher, P=.01, 95%
Cl; 2.1, 16.6 nmol/L). Other patient characteristics did
not show any association with serum vitamin D levels.
Figures 3-8 show vitamin D levels by various factors

VITAMIN D AND EPILEPSY

for most patients (n=485).

Over the minimum follow-up of 3 months, 237 pa-
tients (45%) were seizure free. On an average, seizure-
free patients had slightly but insignificantly higher vi-
tamin D levels (47.8 vs. 43.4 nmol/L, P=.06). Similarly,
vitamin D supplementation had a crude effect of 40%
increase in seizure freedom (unadjusted odds ratio
[OR]=1.4, P=.05, 95% CI; 1.1, 2.1). This association was
not observed when adjusted for age, AED regimen,
sex, age at epilepsy onset, and brain MRI findings (ad-
justed OR=1.5, P=.08, 95% ClI; 0.9, 2.3) in a multivari-
ate logistic regression. With respect to age, the effect
of vitamin D supplementation on seizure control was
observed only in patients aged 20 years and younger
(adjusted OR=2.9, P=.06, 95% ClI; 1.0, 9.7), but those
in other age groups did not show any association be-
tween vitamin D supplementation and seizure freedom
for at least 18 months. The aforementioned findings
suggest an association between higher serum vitamin
D levels or vitamin D supplementation and seizure con-
trol in our studied population.

DISCUSSION

We found that low serum vitamin D levels was preva-
lent in 86.8% of the PWE, with a median level of 38
nmol/L. This finding was consistent with the results of
the study by Teagarden et al who found a high preva-
lence of vitamin D deficiency among PWE, with 54%
of patients using enzyme-inducing AEDs and 37% us-
ing non-enzyme-inducing AEDs."? The effects of AEDs
have been investigated in multiple trials, and most

Number of patients

50
Age (years)

Figure 1. Age distribution of the population (vertical line
is median value) (=485 due to some missing data).
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Figure 2. Serum vitamin D distribution (vertical line is
median value).
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Figure 3. Age categories (years) by serum vitamin D
levels.

studies reported negative effects of AEDs, especially
enzyme-inducing AEDs."3'*In 2001, Al Rajeh et al es-
timated that there are more than six million PWE in
Saudi Arabia.” Since then, there has been no study
that assessed the prevalence and effect of low vitamin
D levels in PWE in Saudi Arabia. A recent study from
Egypt in newly diagnosed pediatric patients with idio-
pathic generalized epilepsy showed that 40% of pa-
tients had vitamin D deficiency and 38% had vitamin
D insufficiency.™®

In our cohort, we found that young adult PWE
younger than 20 years old had lower vitamin D lev-
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Figure 4. Serum vitamin D by sex.
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Figure 5. MRI brain findings by serum vitamin D levels.

els than adult PWE with an average high level of 27.7
nmol/L. This result was concordant with that of a pe-
diatric epilepsy population with a prevalence of vita-
min D deficiency reaching up 62.6%.” Vitamin D levels
in the pediatric population were low, with one-third
of the patients having low serum vitamin D levels."”
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Figure 6. Electroencephalography findings by serum
vitamin D levels.
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Figure 7. Epilepsy risk factors by serum vitamin D levels.

Figure 8. Epilepsy etiology by serum vitamin D levels.

Adolescent PWE had a high prevalence of vitamin D
deficiency than younger aged PWE."®

Patients taking polytherapy were at greater risk of
having low vitamin D (P<.001) compared to those tak-
ing a single antiepileptic drug (P=.09). A study con-
ducted in Malaysian pediatric PWE found that females,
those receiving polytherapy, and patients of Indian
ethnicity were at a greater risk of vitamin D deficien-
cy than other patients. Other studies found that high
body mass index," being female,” and using AEDs,
especially enzyme-inducing AEDs," were associated
with vitamin D deficiency in pediatric PWE. Another
study was conducted in a pediatric population in South
Korea found that polytherapy, longer duration of using
AED, tube feeding and overweight were independent
risk factors for low serum vitamin D.%°

We observed that a high serum vitamin D level
either by using supplements or via sunlight expo-
sure was associated with reduced seizure frequency
by 40%. The anticonvulsant effect of vitamin D was
also observed in animal models administered vitamin
D supplements, and vitamin D supplementation has
been reported to be associated with improved seizure
control in mice.?"? Zantta et al found that vitamin D
modulated L-calcium channels in young rats, possibly
indicating the use of vitamin D as an adjunctive therapy
in PWE.?* Nevertheless, the effect of vitamin D supple-
mentations in controlling seizures in human models
remains unknown, although it has been reported to
show a reduction in seizure frequency by at least 40%
in a small group of participants.® An increase in seizure
frequency (more than four seizure events a month) was
associated with low vitamin D levels in patients with
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generalized epilepsy.' However, a large cohort study
of PWE followed up for 2 years showed no benefits of
vitamin D supplementation on seizure control in drug-
resistant PEW.'® Although the information on the rela-
tionship between vitamin D levels and their effects on
PWE is inconsistent, a study conducted in 2014 found
that vitamin D prevents neuronal damage in the hippo-
campus, thereby contributing to the reduction in sei-
zure frequency.?* In our study, we found no association
between vitamin D levels and epilepsy classification,
gender, radiological findings, and duration of illness.
A recently published study reported low vitamin D
levels in pediatric and adolescent patients with newly
diagnosed generalized epilepsy, with no difference be-
tween the two age groups.?®

Vitamin D deficiency has been associated with
bone mineral density changes in the adult and elderly
populations.?* Compared with the general population,
epilepsy patients have a 2-6 times greater risk of frac-
tures, and the risk seems to increase with a cumulative
duration of exposure to AEDs.?” A recently published
study from Egypt found that children with epilepsy had
a risk of having low bone mineral density, especially
when using enzyme-inducing AEDs and polytherapy
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(P<.001).% Vitamin D supplementation was associat-
ed with improved bone mineral density, especially in
PWE‘Z9,30

This study had limitations. First, we did not assess
the effect and duration of AEDs (neither enzyme-in-
ducing and non-enzyme-inducing AEDs) on vitamin D
level. Second, there was no categorization for patients
taking supplementation, especially elderly patients.
Lastly, we did not include a pediatric population in the
study. Khalifah et al studied the effectiveness of vitamin
D supplementation in preventing vitamin D deficiency
in high-risk patients.>' We believe these findings might
influence our practice in the near future.

In conclusion, vitamin D deficiency in PWE is un-
derestimated in our region, with only one-third of
participants having at least one vitamin D level mea-
sured during the follow-up period. The prevalence of
low serum vitamin D in our study was 86.8%. Although
vitamin D deficiency is frequent among adult PWE,
especially young adults, and patients on polytherapy.
Patients with high vitamin D levels had better seizure
control than those with low levels. The effect of vitamin
D supplements on seizure control shoud be further in-
vestigated in randomized control trials.
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