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Background: Epilepsy is the most common neurological disease in children. The patient must take antiepileptic drug for
controlling the seizure at least 2 years. Many previous studies show the effect of antiepileptic drug to vitamin D status and
bone health.

Objective: To study the prevalence of vitamin D deficiency and bone mineral density in the children who are taking antiepileptic
drug at least 6 months.

Material and Method: Thirty epileptic children who are 3-18 years old with taking antiepileptic drug at least 6 months and
30 healthy children in the same age were performed to investigate serum 25-hydroxyvitamin D, calcium, phosphorus,
magnesium, creatinine, alkaline phosphatase, albumin, parathyroid hormone, spot urine calcium, spot urine phosphorus,
spot urine creatinine and bone mineral density between October 2012 to September 2013.

Results: Seven epileptic children (23.3%), eight healthy children (26.7%) have vitamin D deficiency. Only 3 epileptic children
who are cerebral palsy also have low bone mineral density. There is only statistical significant of decreased serum albumin
(p-value = 0.03) and corrected serum calcium (p-value = 0.04) that reveal in epileptic children group.

Conclusion: Evaluation of serum 25-hydroxyvitamin D status and bone metabolism is essential in the treatment of childhood

epilepsy.

Keywords: Bone mineral density, Vitamin D, Calcium metabolism, Antiepileptic drug, Epilepsy, Children

J Med Assoc Thai 2015; 98 (6): 535-41
Full text. e-Journal: http://www.jmatonline.com

Epilepsy is a common worldwide problem
in all ages. Estimates show that a quarter of epileptic
patients are children™. The various prevalences range
from 1.5 to 14 per 1,000 population worldwide®. There
are relatively few data regarding epidemiology of
epilepsy in Thailand. A community-based study in the
rural parts of Thailand estimated the prevalence of
epilepsy at 7.2 per 1,000 population. The two highest
peaks of age groups were 5-9 and 25-34 years. This
report may underestimate the accurate prevalence in
Thailand®.

All epileptic patients must be treated with
antiepileptic drug(s) for at least for 2 years of seizure
control. Many previous studies showed an association
between the adverse effects of the antiepileptic drugs
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and bone health, for instance decreased bone mineral
density (BMD), reduced vitamin D level and calcium
metabolism changes“!?. Although, there were no
studies explain exact mechanism of antiepileptic drug
affected on bone metabolism"'"'9. Moreover, some
studies show no association between antiepileptic drugs
and BMDU719),

However, maintain normal metabolism of
bone need various factors especially vitamin D,
calcium, and parathyroid hormone. Interestingly, the
active metabolite of vitamin D was decreased in the
patients who taking antiepileptic drug?. Vitamin D
function is to maintain skeletal calcium balance by
promoting calcium absorption in the intestines,
promoting bone resorption by increasing osteoclast
number, maintaining calcium and phosphate levels for
bone formation, and allowing proper functioning of
parathyroid hormone to maintain serum calcium level.
Long-term antiepileptic drug administration may be
effect to bone metabolism, especially in childhood
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and adolescence which are critical periods for bone
mineralization.

In Thailand, there was only one publication
of prevalence and risk factors of low BMD and
25-hydroxyvitamin D status in young healthy epileptic
adult taking antiepileptic drugs. The result was a
significant correlation between long-term use of
antiepileptic drugs and low BMD®?,

The objectives of this research were to assess
the prevalence of vitamin D deficiency, the prevalence
of abnormal bone mineral density, and factors that
may influence bone health in Thai epileptic children,
who administered at least for 6 months of antiepileptic
drug(s), compared with healthy children.

Material and Method

This case controlled study was conducted at
Thammasat University hospital between October 2012
and September 2013. The study included thirty healthy
Thai children aged 3 to18 years old and 30 Thai
epileptic children of similar age who had received
antiepileptic drugs for at least 6 months. Children who
1) had taken any vitamin or calcium supplement;
2) had underlying diseases of kidney, liver, metabolic
or bone diseases; 3) had a family history of metabolic
bone disease; and 4) had a history of bone fracture
were excluded from the study. Informed consent was
obtained from both their parents and the patients aged
10-18 years. This study was approved by the Human
Research Ethics Committee of Thammasat University,
project number MTU-EC-PE-2-060/55.

Clinical assessments, previous diseases,
capability of ambulation, cerebral palsy and medication
history were recorded in all patients. Laboratory data,
including serum 25-hydroxyvitamin D level, total
calcium, phosphorus, magnesium, albumin, creatinine,
parathyroid hormone, spot urine calcium, spot urine
phosphorus and spot urine creatinine, were collected
between October 2012 and September 2013.

BMD was determined in whole body and
lumbar spine (L1-L5 level) by dual-energy X-ray
absorptiometer (DEXA) scan (Hologic, software
version 12.6, Model Discovery W, S/N §1495). BMD
values were analyzed by APEX system software
version 3.2 Model: Discovery A, S/N 81165 and
represented as Z scores adjusted by sex and age with
reference to the Asian population.

Statistical analysis

Descriptive statistics was used for the
demographic data. Analytical statistics compared the
mean and standard deviation between control and
epileptic groups, by using nonparametric two
independent binomial statistical analyses, Wilcoxon-
Mann-Whitney test by sing StatXact® Cytel® studio
license number 2060107. Poisson variables of mean
prevalence with 95% confidence interval cii (poisson
variable) of factors that may influence bone health
were analyzed by STATA® version 11. The prevalence
of each antiepileptic drug used in children with
significant factors that may influence bone health
and prevalence of factors that may influence bone
health between control children, children who treated
with antiepileptic drug(s) between 6 to 12 months
or more than 12 months were analyzed by using
Poisson regression analysis with STATA® version 11.
A significant p-value was p<0.05.

Results

Thirty epileptic children, 15 boys and 15 girls,
aged between 42 to 215 months, mean (SD) of 104 (9)
months were enrolled in this study. The thirty healthy
children in the control group were 13 boys and
17 girls, aged between 44 to 179 months, means (SD)
of 108 (7) months. There was no statistical difference
of demographics such as age, weight, height between
epileptic children and control groups. The demographic
data is shown in Table 1.

Table 1. Demographic data of normal children and epileptic children

Demographic data Control group Epileptic group p-value
Total number 30 30 -
Gender (male:female) 15:15 13:17 -
Age (month), mean £ SD (range) 108.20+7.61 (44-179) 104.90+9.31 (42-215) 0.63
Body weight (kilograms), mean + SD (range) 33.33+£3.35 (13.7-83.9) 34.32+£3.96 (12.2-102.8) 0.75
Height (centimeters), mean = SD (range) 133.50+4.13 (97-178) 129.20£3.95 (102-171) 0.38

p-value were estimated by Wilcoxon-Mann-Whitney test, significant p-value <0.05.
p-value were calculated by using StatXact® Cytel® studio license number 2060107.
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In the epileptic group, 3 of 30 children were
diagnosed with cerebral palsy with quadriplegia,
paraplegia or hemiplegia respectively. The
mean duration of antiepileptic drug therapy was
23.04+16.33 months (mean + SD). The polypharmacy
split of antiepileptic drugs used was 56.7 percent on
monotherapy and 43.3 percent on polytherapy. These
comprised 14 percent of old generation, 3 percent of
new generation and 13 percent either old or new
antiepileptic medications, as shown in Table 2. Seven
children in the epileptic group and eight children in the
control group were found to have vitamin D deficiency
(Table 3). The prevalence of vitamin D deficiency
were 23.3 percent (95% CI 9.3-48.0) and 26.6 percent
(95% CI 11.5-52.5) in epileptic and control children
respectively (»>0.05). Only 3 children in the epileptic
group also had low bone mineral density. The
prevalence of abnormal bone mineral density were

Table 2. Characteristics of epileptic children

Number of
patient

Cerebral palsy, n (%)

Quadriplegia 1(3.3)

Paraplegia 1(3.3)

Hemiplegia 13.3)
Ambulatory, n (%)

Bed ridden 1(3.3)

Wheelchair 1(3.3)

Walk 28 (93.3)

Duration of antiepileptic drug therapy (month), 23.04+16.33

mean + SD (range) (6-69)
Antiepileptic drug therapy, n (%)
Monotherapy 17 (56.7)
Polytherapy
2 drugs 9 (30.0)
3 drugs 4(13.3)
Type of antiepileptic drug*, n (%)
Old 14 (46.7)
New 3(10.0)
Both 13 (43.3)

* Old type: phenobarbital, phenytoin, carbamazepine,
benzodiazepine, valproate; New type: oxcarbamazepine,
topiramate, levetiracetam, lamotrigine

Table 3. Result of vitamin D status and bone mineral density
between normal children and epileptic children

Result Control Epileptic
group group
(n=30) (n=30)
Vitamin D deficiency 8 7
Bone mineral density: low for age 0 3
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10.0 percent (95% CI 2.0-29.2) and 0 percent in
epileptic and control children respectively (p<0.001).
All of children with abnormal bone mineral density
were cerebral palsy and the effect showed after
receiving antiepileptic drugs for more than 12 months
(»<0.001). There were no statistically significant
differences in serum 25-hydroxyvitamin D level,
phosphorus, magnesium, parathyroid hormone,
creatinine, alkaline phosphatase, urine calcium, urine
phosphorus, urine creatinine and bone mineral density
between the epileptic and control groups. Serum
albumin and corrected serum calcium were significantly
different between two groups (Table 4).

In subgroup analysis of epileptic children who
had vitamin D deficiency, low normal limited of serum
calcium (<8.5 mg/dL), low normal limited of serum
albumin (<3.5 g/dL) and low bone mineral density has
shown correlation with the duration of antiepileptic
drug therapy, there were overall abnormalities in 5 and
14 children who administered antiepileptic drug for
6-12 months and more than 12 months, respectively
(Table 5).

In subgroup analysis of epileptic children who
had vitamin D deficiency, low normal limited of serum
calcium (<8.5 mg/dL), low normal limited of serum
albumin (<3.5 g/dL) and low bone mineral density, the
prevalence of abnormalities increased in children who
treated with multiple antiepileptic drugs in both old
generation (Phenobarbital, Phenytoin, Carbamazepine,
Benzodiazepine, Valproic acid) and newer generation
(Topiramate, Oxcarbazepine, Levetiracetam) (p<0.001).
Interestingly, there was no prevalence of abnormalities
in lamotrigine treated children (Table 6).

Discussion

The present study, there is no difference
in vitamin D status between children who were
administered antiepileptic drug and the healthy
children group in this study. This result is similar to
the Weinstein et al study which found that antiepileptic
drugs do not affect 25-hydroxyvitamin D level®.
However, we found a higher prevalence of vitamin D
deficiency in children than in the past same as the
previous Thai children studied from 10.3 percent in
201242 to 40 percent in the South East Asia Nutrition
Survey (SEANUTS), in 2012-2013@. This finding
may be due to the change of lifestyle, sunlight
exposure, daily activity, nutritional intake and further
used ultraviolet sunscreen. The authors believe that
prolonged vitamin D deficiency will be effect to
bone metabolism in the future.
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Table 4. Laboratory of normal children and epileptic children

Result Control group Epileptic group p-value
Albumin (g/dL) 3.927+0.07 3.7610.06 0.03
Calcium (mg/dL) 8.990+0.09 8.793+0.06 0.06
Corrected calcium (mg/dL) 9.014+0.09 8.815+0.06 0.04
Phosphorus (mg/dL) 4.473£0.13 4.35+0.11 0.43
Magnesium (mg/dL) 2.087£0.05 2.087+0.04 0.43
Creatinine (mg/dL) 0.562+0.02 0.571£0.04 0.95
Parathyroid hormone (pg/mL) 49.07+5.51 41.67+2.98 0.48
Alkaline phosphatase (mg/dL) 232.60+15.7 208.8+£13.8 0.16
Vitamin D level (ng/mL) 22.2540.79 25.44+1.29 0.92
Spot urine calcium (mg/dL) 6.37+1.05 5.917+0.86 0.52
Spot urine creatinine (mg/dL) 98.94+10.9 89.75%11.1 0.57
Spot urine phosphorus (mg/dL) 52.78+8.99 54.2247.44 0.89
Urine calcium/creatinine ratio 0.098+0.02 0.087£0.01 0.75
Urine FE PO, 8.025+0.91 8.005+0.79 0.83
BMD lumbar Z-score -0.093+0.18 -0.2240.28 0.26
BMD whole body Z-score -0.473+0.22 -0.19+0.23 0.34

FE PO, = fractional excretion of phosphorus; BMD = bone mineral density
p-value were estimated by Wilcoxon-Mann-Whitney test, significant p-value <0.05.
p-value were calculated by using StatXact® Cytel® studio license number 2060107.

Table 5. Poisson prevalence of abnormal factors that may influence bone health in children who treated with antiepileptic
drug(s) for 6-12 months, more than 12 months, compare to normal control children

Abnormalities Poisson prevalence with 95% confidence interval p-value
Controlled children Children with AED Children with AED
6-12 months >12 months
Vitamin D deficiency 26.6 (11.5-52.5) 50.0 (10.3-100.0) 16.6 (4.5-42.6) <0.001
Corrected serum calcium 6.6 (0.8-24.0) 16.6 (0.4-92.8) 12.5 (2.5-36.5) <0.001
Serum albumin 10.0 (2.0-29.2) 33.3 (4.0-100.0) 12.5 (2.5-36.5) <0.001
Low bone mineral density 0(0-12.2) 0 (0-61.4) 12.5(2.5-36.5) <0.001

There were increased prevalence of vitamin D deficiency, low corrected serum calcium, low serum albumin in children who
treated with antiepileptic drug (AEDs) 6-12 months (p<0.001) and increased prevalence of low bone mineral density in
children who treated with antiepileptic drug (AEDs) for more than 12 months. The p-value were calculated. Poisson regression
analysis with STATA version 11 was used to analyze the regression model.

The authors did not find the statistical
significant difference in biochemical markers of bone
health between two groups. In subgroup analysis of
epileptic children who had vitamin D deficiency, the
authors find the statistical significance of low normal
limited of corrected serum calcium (<8.5 mg/dL), low
normal limited of serum albumin (<3.5 g/dL) and low
bone mineral density correlate with administered
antiepileptic drug for 6-12 months and more than
12 months respectively. This result is the interesting
point that may support the theory that antiepileptic
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drug may alter calcium-albumin binding mechanism
for a short period after 6-12 months of antiepileptic
drug administration. After the calcium homeostasis
functioning go on, the values will return normally,
but it will have late effect to bone metabolism and
finally represent low bone mineralization.

In the present study population, polytherapy
of antiepileptic drug, duration of antiepileptic
drug administration and reduced physical activity
such as cerebral palsy were significantly correlate with
increased prevalence of vitamin D deficiency, low
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Table 6. Poisson prevalence of each antiepileptic drug in abnormal factors that may influence bone health in children who

treated with antiepileptic drug(s)

Abnormalities Poisson prevalence with 95% confidence interval p-value
PHB PHT CBZzZ OXC VPA TPM LEV LMG BZD
n=3 n=4 n=4 n=2 n=18 n=14 n=4 n=1 n=2
Vitamin D deficiency 1(333) 1(25.0) 1(25.0)0 1(50.0) 4(22.0) 4(285) 2(500) 0 0 <0.001
Corrected serum calcium 0 0 1(25.0) 0 2(11.0) 2(14.2) 1(25.0) 0 0 <0.001
Serum albumin 0 0 0 0 5(27.0) 3(214) 0 0 0 <0.001
Low bone mineral density 1 (33.3) 0 1(25.0) 0 1(5.00 3(21.0) 2(500) 0 1(50.0) <0.001

PHB = phenobarbital; PHT = phenytoin; CBZ = carmabazepine; OXC = oxcarbamazepine; VPA = valproate; TPM =
topiramate; LEV = levetiracetam; LMG = lamotrigine; BZD = benzodiazepine

There were increased prevalence of vitamin D deficiency, low corrected serum calcium, low serum albumin, and low bone
mineral density in children who treated with antiepileptic drug (AEDs), especially polytherapy AED. The p-value were
calculated. Poisson regression analysis with STATA version 11 was used to analyze the regression model.

normal limited of corrected serum calcium, low normal
limited of serum albumin and low bone mineral density.
Despite of no definitive explanation for this result,
Coppola et al® study found this similar effect that
antiepileptic drug administration, duration of treatment
and motor impairment seems to play a significant
role in abnormal bone mineral density.

The authors conclude that low bone mineral
density may be effect from multifactorial such as
vitamin D status, polytherapy of antiepileptic drug,
duration of antiepileptic drug administration and
decreased physical activity. We essentially realize
to screen the bone health status when administer
antiepileptic drug for 6-12 months or in case of
refractory epilepsy.

Due to limitation of small sample size and
shortterm follow-up in this study, others factor that
may determine the results of bone health in children
should be further studies by using larger study
population in long-term follow-up.

Conclusion

In the present case controlled study, vitamin D
deficiency was found in children who take antiepileptic
drugs without a low bone mineral density correlate.
The higher incidence of vitamin D deficiency and
abnormal bone mineral density was found in children
with multiple antiepileptic drugs treatment. Increased
prevalence low bone mineral density found in children
with cerebral palsy who treated with long-term
antiepileptic drugs. The decreased serum albumin
and calcium may be influence in bone metabolism,
especially with long-term antiepileptic drugs more
than twelve months. Finally, screening of DEXA
scan, serum albumin, serum calcium as well as
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vitamin D status may be useful in the epileptic
children especially after treatment with antiepileptic
drugs for 6-12 months.

What is already known on this topic?

Several theories have mentioned the effect
of antiepileptic drug to bone metabolism but there is
inconclusively definite effect.

What this study adds?

Multiple antiepileptic drug therapy more
than 6 months and unable ambulation are the risks of
low bone mineral density.
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