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Abstract

Background Long-term anticonvulsant therapy, especially with
enzyme inducers, has been associated with low 25-hydroxyvitamin
D [25(OH)D] levels and high prevalence of vitamin D deficiency.
However, there have been inconsistent results in studies on the
effect of long-term, non-enzyme inducer anticonvulsant use on
vitamin D levels.

Objective To compare 25(OH)D levels in epileptic children on
long-term anticonvulsant therapy and non-epileptic children.
We also assessed for factors potentially associated with vitamin
D deficiency/insufficiency in epileptic children.

Methods This cross-sectional study was conducted at two
pediatric neurology outpatient clinics in Jakarta, from March to
June 2013. Subjects in the case group were epileptic children,
aged 6-11 years who had used valproic acid, carbamazepine,
phenobarbital, phenytoin, or oxcarbazepine, as a single or
combination therapy, for at least 1 year. Control subjects were
non-epileptic, had not consumed anticonvulsants, and were
matched for age and gender to the case group. All subjects’
25(OH)D levels were measured by enzyme immunoassay.
Results There were 31 epileptic children and 31 non-epileptic
control children. Their mean age was 9.1 (SD 1.8) years. Most
subjects in the case group were treated with valproic acid
(25/31), administered as a monotherapy (21/31). The mean
duration of anticonvulsant consumption was 41.9 (SD 20)
months. The mean 25(OH)D level of the epileptic group was
41.1 (SD 16) ng/mL, lower than the control group with a mean
difference of 9.7 (95%CI 1.6 to 17.9) ng/mL. No vitamin D
deficiency was found in this study. The prevalence of vitamin
D insufficiency in the epileptic group was higher than in the
control group (12/31 vs. 4/31; P=0.020). No identified risk
factors were associated with low 25(OH)D levels in epileptic
children.

Conclusion Vitamin D levels in epileptic children with long-
term anticonvulsant therapy are lower than that of non-epileptic
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children, but none had vitamin D deficiency. [Paediatr Indones.
2015;55:164-70.].
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itamin D is an important prohormone
which has roles in calcium and bone
metabolism, as well as other metabolic
processes.!® Vitamin D inadequacy is
an epidemic condition but it is not realized. An
estimated one billion people in the world have vitamin
D deficiency or insufficency (<30 ng/mL).7 Studies
conducted in several countries reported that the
prevalence of vitamin D deficiency (<20ng/mL) in
children ranged from 14 to 60%.5-12
One potential cause of vitamin D deficiency
is long-term use of anticonvulsants in epileptic
children.?>7 Epileptic children need long-term
anticonvulsant therapy, therefore, they have a
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higher risk of adverse effects.!? The long-term use of
anticonvulsants has been associated with increased
incidence of rickets or osteomalacia, increased risk
of fracture, and reduced bone mineral density.!3-20
All these conditions are associated with vitamin D
deficiency.!31> The effects of anticonvulsants on
vitamin D levels have been studied for 40 or more
years.21-24 Phenobarbital, phenytoin, carbamazepine,
valproic acid, and oxcarbazepine were frequently
studied for their impact on 25(OH)D levels. Most
enzyme-inducing anticonvulsants (phenytoin,
phenobarbital, primidone, and carbamazepine) were
associated with low levels of vitamin D.16:2532 Other
studies showed insignificant effects,?33-35 especially
with valproic acid and newer anticonvulsants.17:19:32,36
The prevalence of vitamin D deficiency has varied
between 23 to 76%, depending on the definition of
vitamin D deficiency, anticonvulsant type, number
and duration of use, as well as the location of the
study.25:27-30

Studies to assess for an association between
anticonvulsants and vitamin D deficiency have
had inconsistent results, especially for non-enzyme-
inducing anticonvulsants such as valproic acid.
Therefore, further studies are still needed. We
conducted this study to investigate 25(OH)D
levels and the prevalence of vitamin D deficiency/
insufficiency in epileptic children who used long-term
anticonvulsants, and to describe factors potentially
associated with low 25(OH)D.

Methods

This cross-sectional study was conducted in
two neurology outpatient clinics in Jakarta: the
Neurology Clinic, Child Health Department, Cipto
Mangunkusumo Hospital (CMH) and the Klinik
Anakku Pondok Pinang Center, South Jakarta,
from March to July 2013. The study was approved
by the Research Ethics Committee of the University
of Indonesia Faculty of Medicine. Subjects (case
group) were epileptic children, aged 6 — 11 years
who had used anticonvulsants for at least 1 year. The
anticonvulsants used were phenobarbital, phenytoin,
carbamazepine, valproic acid, and oxcarbazepine,
either as monotherapy or polytherapy. We excluded
children with neurological deficits which might

impair physical activity, special diet/dietary regimen,
obesity, skin grafting, fat malabsorption, cholestasis
or impaired liver function, renal failure or nephrotic
syndrome, cerebral palsy, and those who consumed
vitamin D supplements (400 IU/day or more),
systemic corticosteroids, rifampicin, or antiretroviral
drugs. The control subjects were patients from the
Pediatric Clinic of CMH who were non-epileptic
patients, did not consume anticonvulsants and did
not fulfill any exclusion criteria. Control subjects
were matched for age and gender to the case
subjects.

We measured 25(OH)D level by EUROIM-
MUNE 25-OH Vitamin D ELISA. Blood specimen
were taken from all subjects after obtaining parental
consents. Vitamin D deficiency was defined as 25(OH)
D level less than 20 ng/mL, whereas vitamin D
insufficiency was defined as 25(OH) D level of 20-<30
ng/mL.7 Daily intake of vitamin D was calculated using
Nutrisurvey for Windows (Indonesian food modifica-
tion). Data were analyzed using SPSS version 17.0.
Paired T-test was performed to compare the mean
25(OH)D levels between the epileptic and control
groups, followed by subgroup analysis of the epileptic
children. Chi-square test was performed to compare
the proportion of vitamin D deficiency/insufficiency
between the two groups.

Results

We recruited 31 epileptic and 31 non-epileptic
children for this study. Twenty-five epileptic children
were recruited from the Neurology Clinic at the
Child Health Department of CMH, and six epileptic
children were recruited from Klinik Anakku Pondok
Pinang Center. Control subjects were non-epileptic
patients from the General Pediatric Clinic, Pediatric
Cardiology Clinic, Pediatric Gastroenterology
Clinic, and Hematology Clinic at the Child Health
Department of CMH. Most control subjects were
elective surgery patients.

The mean age of subjects was 9.1 (SD 1.8)
years and the proportion of boys was 16/31. Most
of the subjects (19/31) had partial epilepsy and
consumed valproic acid (25/31). The mean duration
of anticonvulsant use was 41.9 (SD 20) months, most
often administered as a monotherapy (21/31). Based
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Table 1. Subjects’ characteristics

Characteristics Epilepsy Control
group group
(n=31) (n=31)
Gender
Male 16 16
Female 15 15
Mean age (SD), years 9.1(1.8) 9.1(1.8)
Nutritional status
Overweight 15 2
Well-nourished 13 21
Undernourished 3 8
Type of epilepsy
Generalized 12
Partial 19
Type of anticonvulsant*
Valproic acid 25
Carbamazepine 14
Phenobarbital 4
Oxcarbazepine 1
Number of anticonvulsants
Polytherapy 10
Monotherapy 21
Mean duration of anticonvulsant
use, months (SD) 41.9 (20)

Mean vitamin D intake (SD), IU/ 255 (194) 216 (130)
day
Mean 25(0OH)D level (SD), ng/mL 41.1 (16) 52.8 (15)

*some subjects consumed >1 anticonvulsant type

on dietary analysis, the mean daily intake of vitamin
D was 255 (SD 194) IU in the epilepsy group and 216
(SD 130) IU in the control group (Table 1). Only
a small proportion of subjects (7/31 in the epilepsy

Table 2. Comparison of 25(OH)D level between the epilepsy
and control groups

Epilpsy Control
group group
n=31 n=31

Mean 25(0OH)D level (SD), ng/mL 41.1 (16) 52.8 (15)
Mean difference, ng/mL 9.7

95% Cl 1.6t017.9

P value 0.014*

* paired T-test

Table 3. Comparison of vitamin D status between the
epilepsy and control groups

Vitamin D status Insuficiency  Normal P value
N N

Epilepsy group 12 19 0,020*

Control group 4 27

*chi-square

group and 3/31 in the control group) fulfilled the
recommended vitamin D intake of >400 IU/day.
The mean 25(OH)D level in the epilepsy group
was significantly lower than in the control group, with
a mean difference 9.7 ng/mL (95%CI 1.6 to 17.9;
P=0.014) (Table 2). None of the subjects had vitamin
D deficiency, however, 12/31 subjects had vitamin D
insufficiency in the epilepsy group compared to only
4/31 subjects in the control group. The prevalence
of vitamin D insufficiency was significantly higher
in the epilepsy group than in the control group
(P=0.020). Of the 12 epileptic subjects with vitamin

Table 4. Analysis of potential associations between 25(OH)D level and vitamin D intake, gender,

anticonvulsant type, number, and duration of use

n Mean 25(OH)D level Mean difference, ng/mL P value
(SD), ng/mL (95%Cl)

Vitamin D intake
<400 IU/day 24 41.3 (18) 0.7 (-13.9t0 15.3) 0.842*
>400 |U/day 7 40.6 (11)

Gender
Male 16 43.7 (17) 5.3 (-6.7t0 17.4) 0.348*
Female 15 38.4 (16)

Type of anticonvulsant
Enzyme inducer 15 39.8 (14) -2.6 (-14.8 10 9.6) 0.818*
Non-enzyme inducer 16 42.4 (19)

Number of anticonvulsants
Polytherapy 10 36.2 (11) -7.2 (-20.0 to 5.6) 0.362*
Monotherapy 21 43.5(18)

Duration of anticonvulsant use
>2 years 23 38.6 (16) -9.7 (-23.1 10 3.8) 0.095*
1-2 years 8 48.3 (17)

* Unpaired T-test; #Mann-Whitney
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D insufficiency, 11 had taken anticonvulsants for more
than 2 years (Table 3).

In the subgroup analysis, there were no signifi-
cant differences in mean 25(OH)D levels between:
(i) epileptic children who consumed <400 IU/
day vitamin D compared to those who consumed
>400 IU/day; (ii) males compared to females; (iii)
enzyme-inducing anticonvulsants compared to non-
enzyme-inducing anticonvulsants; (iv) polytherapy
compared to monotherapy; and (v) epileptic children
who consumed anticonvulsants for more than 2 years
compared to 1-2 years (Table 4).

Discussion

In this cross-sectional study, we found an association
between long-term anticonvulsant use (one year or
more), decreased 25(OH)D level, and vitamin D
status. Epileptic children who used anticonvulsants
for at least 1 year had an 18.4% reduction in mean
25(OH)D level compared to that of the control
group, and they had a higher prevalence of vitamin
D insufficiency.

This study had several limitations. First, we
were unable to determine a causal relationship since
the study had a cross-sectional design. Second,
quantity and quality of sun exposure, and other
potential confounders, were not measured. However,
we attempted to reduce those effects by recruiting
subjects without sun exposure limitations and
relatively equal sun exposure. We also used age- and
gender-matched controls. Furthermore, there was no
standard or valid questionnaire that could be routinely
used to measure sun exposure, and the questionnaire
had weak to moderate correlation (r=0.34-0.49)
with ultraviolet dosimetry.3” Third, we did not assess
bone metabolism or bone mineral density, therefore,
we could not evaluate the burden effect of vitamin D
level reduction. On the other hand, this study was the
first to be conducted in Indonesia, a tropical country,
on a population of epileptic children. We applied strict
exclusion criteria with regards to ambulatory patients
without sun exposure limitations, so we believe the
study results, i.e., vitamin D levels, were the exclusive
effect of anticonvulsant therapy.

Several studies showed a reduction in 25(OH)D
level in epileptic children who had used anticonvul-

sants for 6 months or more,!%28-3032 while others did
not.173436.3839 These latter studies found this to be the
case for non-enzyme-inducing anticonvulsants (valp-
roic acid) use?*38 or new anticonvulsants (lamotrigine,
topiramate, oxcarbazepine, sulthiamine).!?3

In this study, none of the subjects had vitamin D
deficiency, but we found higher prevalence of vitamin
D insufficiency in epileptic children (39%) compared
to control subjects (13%). Other studies showed
a variety of results on the prevalence of vitamin
D deficiency in epileptic children using long-term
anticonvulsants. A cross-sectional study conducted in
Germany on epileptic children aged 5-12 years showed
the prevalence of vitamin D deficiency to be as high as
75% (23% in control group). The subjects consumed
valproic acid or carbamazepine as a monotherapy,
or in combination with a new anticonvulsant.?? A
cohort study in Greece showed vitamin D deficiency
in 49% of subjects.3° However, that study used a lower
definition of vitamin D deficiency (<10 ng/mL),
therefore, higher prevalence of vitamin D deficiency
was found if a higher definition of vitamin D deficiency
(<20 ng/mL) was used, as we did in our study.
Another cross-sectional study in Lebanon showed that
35% of subjects had vitamin D deficiency and 27% of
subjects had vitamin D insufficiency.?> The study also
used a lower definition of vitamin D deficiency (<10
ng/mL) than our study, and recruited cerebral palsy
patients, which could be a potential confounder. The
high prevalence of vitamin D deficiency in these three
studies may have been associated with subtropical
locations.

Three possibilities may explain the lack of vita-
min D deficiency in our epileptic subjects. First, this
study was conducted in Jakarta, a tropical region, on
subjects without limitation of sun exposure. Consider-
ing that more than 90% of the source of vitamin D
comes from its synthesis in skin, which is facilitated
by ultraviolet B, sun exposure has a high influence.
Second, the mean duration of anticonvulsant use was
shorter than the previous three studies mentioned
above. Although prospective studies in children and
adults showed that the reduction of 25(OH)D level
occurred after anticonvulsant usage for more than 3
months,3%40 other studies in children and adults which
showed high prevalence of vitamin D deficiency had
longer mean durations (5 years or more) of anticon-
vulsant therapy than our study.?>2731:41 Third, most
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of our subjects consumed valproic acid which has less
impact on reducing vitamin D levels than enzyme-
inducing anticonvulsants.232.38 Several studies have
shown that valproic acid was not associated with
vitamin D deficiency.?38

Mean daily intake of vitamin D in our study
was lower than that recommended by the Institute
of Medicine (IOM). This might be due to subjects
consuming only small amounts of milk and fish
(sources of vitamin D), or sub-optimal vitamin D
supplementation. Although most subjects had a
vitamin D daily intake less than the IOM recom-
mendation, they had normal 25(OH)D levels, and
no vitamin D deficiency. This finding may suggest
that the main source of vitamin D is not from diet,
but from its synthesis in skin, facilitated by ultraviolet
B. Indonesia is a tropical country and subjects in this
study had no limitation in sun exposure, therefore,
vitamin D from the diet may have had little impact
on 25(OH)D levels. However, regions with higher
latitudes (subtropical) have limitations in vitamin
D synthesis from skin, especially during winter.
Hence, dietary vitamin D source is important and
IOM recommends a vitamin D intake of 400 IU/
day for healthy babies, children, and adolescents
to maintain a 25(OH)D level >20 ng/mL and to
prevent rickets.642:43

We performed a bivariate analysis on potential
associations between 25(OH)D level and the follow-
ing: type of anticonvulsant used (enzyme inducer vs.
non-enzyme inducer), number of anticonvulsants
used (polytherapy vs. monotherapy), or duration of
anticonvulsant use (>2 years vs. 1-2 years). We found
no significant differences in mean 25(OH)D levels
for these three variables. Nevertheless, we observed
a tendency of decreased 25(OH)D levels in subjects
who consumed enzyme-inducing anticonvulsants,
had polytherapy, or consumed anticonvulsants for
more than 2 years (statistically insignificant). These
results were likely not deemed significant due to the
small number of subjects in our study.

Most studies which showed an association
between anticonvulsant use and vitamin D levels were
conducted on subjects who used enzyme-inducing
anticonvulsants.!?27-3032 One Lebanese study that
showed a high prevalence of vitamin D deficiency
had subjects who mostly consumed enzyme-inducing
anticonvulsants and administered as polytherapy,
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with a mean duration of 5+4 years.?> A cross-
sectional study in Germany showed a lower level of
25(OH)D in subjects using carbamazepine (enzyme
inducer) compared to those who used valproic acid
(non-enzyme inducer).?? Another study in Germany
showed lower level of 25(OH)D in subjects using
anticonvulsants administered as polytherapy than
those who received monotherapy.??

Our study showed that girls tended to have
lower 25(OH)D levels than boys. A prospective study
in India showed that reduced 25(OH)D level after
consumption of carbamazepine was more evident
in girls.?8 Other studies on a population of healthy
children also showed lower 25(OH)D level and higher
prevalence of vitamin D deficiency in girls compared
to boys.310 There was no further explanation for the
findings in these studies. Unfortunately, our study also
does not explain this finding. One possibility is the
difference in the quantity of sun exposure, which may
be associated with shorter time duration of outdoor
activities in girls compared to boys.

In conclusion, epileptic children who took
long-term anticonvulsant therapy have lower mean
25(OH)D level and higher prevalence of vitamin D
insufficiency than the non-epileptic control group.
Daily intake of vitamin D, gender, type and number of
anticonvulsants, as well as duration of anticonvulsant
therapy for more than 2 years are not associated with
reduced 25(OH)D levels in epileptic children who
used anticonvulsants for at least 1 year.
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