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A B S T R A C T

Purpose: The effects of antiseizure medications (ASMs) on bone metabolism is inconsistent. Most studies are in
high income settings and none from sub-Saharan Africa.

Methods: A hospital based cross-sectional study in a paediatric epilepsy service with a comparison group
assessed vitamin D metabolism.

Results: Seventy-five children with epilepsy and 75 comparison group were recruited. Median age for children
with epilepsy was 9 years (range 1–17 years) and controls 3 years (range 1–12 years). Vitamin D deficiency
occurred in 11(16.2%) children with epilepsy versus 6 (8.8%) control group (p= 0.29). Vitamin D insufficiency
occurred in 30 (44.1%) children with epilepsy compared to 27(39.7%) control group. Children on ASMs had
lower mean vitamin D levels than the control group (p= 0.02). Children on enzyme-inducing ASMs had lower
mean vitamin D levels (p= 0.08), vitaminD2 (p=0.0018), vitaminD3 (p=0.004), serum phosphate levels
(p=0.000), and higher mean parathyroid hormone levels (p= 0.03) compared to controls. There was no dif-
ference in dietary intake and ancestry, although the dietary content of both groups was low in vitamin D pro-
ducts.

Conclusions: Low vitamin D levels were common in children from both groups, but statistically lower for the
children on ASMs. Children on enzyme-inducing ASMs need screening for vitamin D deficiency. The literature
supports extending this for all children on ASMs. This is the first study to report that children on enzyme-
inducing ASMs have lower levels of Vitamin D2 and D3 levels, probably as result of increased destruction of
vitamin D. Improved vitamin D intake for children in vulnerable settings is important.

1. Introduction

An estimated 50 million people worldwide have epilepsy, 85% of
whom reside in the low and low-middle income countries (LMICs) [1].
In sub-Saharan Africa only 36% of children with epilepsy have access to
antiseizure medications (ASMs) and 95% of this group are managed
with phenobarbital [2]. One of the chronic side effects of ASMs are
abnormalities in bone metabolism [3,4].

Vitamin D is a prohormone derived in the skin from 7-dehy-
drocholesterol to form Vitamin D3 and from a plant derivative ergos-
terol to form Vitamin [5]. The Vitamin D undergoes 25-hydroxylation

in the liver to form 25-hydroxyvitamin D3 and subsequently 1α hy-
droxylation in the kidneys to form 1α, 25 dihydroxy-vitamin D3. The
degradation of Vitamin D3 in the kidneys occurs through an enzyme
CYP24 to form the metabolites 24, 25 dihydroxy-vitamin D3 and 1α, 24,
25 trihydroxy-vitamin D3 [6,7]. In vitro studies support that CYP3A4
catalyzes the hydroxylation of 125 dihydroxy vitamin D3 into inactive
metabolites in the liver and small intestines, where CYP24A1 is nearly
absent, which results in decreased intestinal calcium uptake. Notably,
CYP3A4 also contributes to the catabolism of 25 hydroxy vitamin D3 by
catalyzing its hydroxylation into 425 dihydroxy vitamin D3 [8].

ASMs induce hepatic cytochrome P450 enzymes, especially
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CPY3A4, leading to the increased catabolism of vitamin D, causing
reduction of calcium absorption from the intestine, hyperparathyr-
oidism and increased calcium demineralization from the bones [9–13].
Despite the plausible logic behind enzyme induction and ASMs, the
data is inconsistent with several studies failing to demonstrate low le-
vels of calcium and phosphate with enzyme-inducing ASMs [14,15].

Conflicting study methodologies have challenged comparison across
studies such that meta-analyses conclude that ASMs may be associated
with decreased bone mineral density (BMD) in children with epilepsy
[16,17]. But studies have also reported no ASM effect on BMD or vi-
tamin D levels [12,18,19], and others found no variance in the effect of
enzyme-inducing ASMs compared to non-inducing ASMs on BMD
[20–22]. Some specifically highlight the increased impact from mono-
therapy with sodium valproate, carbamazepine and levetiracetam
[23–26]. Other studies conclude that the key risks are polypharmacy
and chronic ASM use [21,22,27]. Table 1 summaries some of the key
cohort studies illustrating the variation in findings.

Compared to healthy controls, abnormalities in bone metabolism
and an increased risk of fractures are more common in children with
epilepsy who are treated with ASMs [28–31]. The fracture risk is higher
for hepatic enzyme-inducing ASMs such as carbamazepine, pheno-
barbital and phenytoin than the non-inducers [28]. Sodium valproate,
carbamazepine, phenobarbital and clonazepam also have a dose re-
sponse relationship to the risk of fractures [32]. Further the dysregu-
lation on bone metabolism reported with sodium valproate and or ox-
carbazepine chronic therapy may affect physical growth [33].

This study was conducted to determine the impact of ASMs on vi-
tamin D and secondary markers of bone turn over in children with
epilepsy who attend an epilepsy service in sub-Saharan Africa.

2. Methodology

The study was undertaken at the epilepsy service at the Red Cross
War Memorial Children’s Hospital (RCWMCH) in Cape Town, South
Africa. This is a University affiliated tertiary referral center, which is
the largest children’s hospital in sub-Saharan Africa. Children with
epilepsy attend for a wide spectrum of health needs from those who
require primary care through to those with complex quaternary needs.
The data was collected over a 10-month consecutive period.

Inclusion criteria for the study were children with epilepsy at-
tending the epilepsy service at RCWMCH who were on single or mul-
tiple ASDs for at least 3 months duration.

The comparison group were children who came for non-urgent
surgical day outpatient procedures at RCWMCH. These children had
routine bloods and intravenous line insertion for their surgical proce-
dures.

Exclusion criteria were children at risk of conditions which affect
bone metabolism, e.g. non-ambulatory (inappropriate for develop-
mental age), renal diseases, hyperparathyroidism, gastrointestinal dis-
orders, diabetes mellitus, cerebral palsy, hemiplegia and liver in-
sufficiency. Also children on oral corticosteroids as well as those on
calcium or vitamin D supplementation. Further recruited children
whose Vitamin D samples proved inadequate for analysis were ex-
cluded.

All children who met the inclusion criteria were consecutively en-
rolled throughout the year to include the winter and summer seasons
until the sample size was reached.

The sample size calculated was 63 (supplemental file Figure 1). The
sample size was increased by 10% to make allowance for incomplete
data, non-responses and other factors that may decrease the yield of
responses. Thus, the minimum sample size was 70 for the cases. The
control group had 70 patients to make up a ratio of 1:1 for cases and
controls.

Data collected included demographic details, dietary intake (as re-
corded by registered dietician), average sunlight exposure hours, sei-
zure onset and the types of seizures, ASMs (inclusive of initiation age,Ta
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dosage, duration, levels and so on). Blood samples were undertaken for
25-hydroxycholecalciferol, serum calcium, phosphate and parathyroid
hormone.

Vitamin D insufficiency was noted at 20–29 ng/ml and Vitamin D
deficiency at< 20 ng/ml [34].

Dietary assessment of the daily intake of the common dietary
sources of vitamin D was undertaken by a registered dietician (SC). The
food sources were assessed for frequency and average amounts of intake
of common food groups such as fish, beef, eggs, dairy products (fresh
milk, yoghurt and cheese) and cod liver oil. The average intake was
viewed as adequate if it met the recommended minimal daily require-
ments of at least 400IU [35]. The 24 h food recall method was used as
well to generate more information in-line with standard data capturing
procedures [36].

Data entry, cleaning and analysis were done using SPSS (Statistical
Package for Social Science) software version 18.

The ethical clearance to conduct the study was obtained from the
University of Cape Town Faculty of Health Sciences Human Research
Ethics Committee (HREC REF: 560/2014) and University of Wisconsin
Institutional Review Board.

3. Results

During the study period 150 children met the inclusion criteria and
were recruited. Seventy-six children were of mixed ancestry, 60 in-
digenous African and 14 European ancestries. Seventy-five children
with epilepsy and 75 controls were recruited. The median age for the
children with epilepsy was 9 years of age (range 1–17 years) and
controls 3 years of age (range 1–12 years). The male to female ratio for
the children with epilepsy was 1.3:1 and controls 4:1. The majority of
the controls were boys because the common cause of admission for the
day surgical ward is circumcision.

Of the total, 68 cases and 68 controls had adequate samples for the
Vitamin D studies. The mean vitamin D values for children with epi-
lepsy was lower than the control group (27.4 ng/ml versus 30.7 ng/ml),
this was statistically significant. However, when the number of children
from the groups with deficiency or insufficiency was assessed, the
proportion of children with epilepsy on ASMs with vitamin D levels less
than 20 ng/ml, i.e., vitamin D deficiency, was 16.2% (n= 11) com-
pared to 8.8% (n=6) in the control group, this trend was not statis-
tically significant (p=0.29). Similarly vitamin D insufficiency was
identified in a further 44% (n=30) of the children on ASMs and 40%
(n=27) of the control group. This equated to 60.2% of the children
with epilepsy having vitamin D deficiency or insufficiency, compared to
48.5% of the control group, this was also not statistically significant. As
such vitamin D deficiency or insufficiency was found in a high pro-
portion of the population from both groups, but children with epilepsy
were statistically more likely have lower vitamin D levels, although not
necessary in the deficiency or insufficiency range.

The mean Vitamin D, 24,25(OH)2D3, serum calcium, and serum
phosphate were all statistically found to be significantly lower in chil-
dren with epilepsy compared to the control group (Table 2). One
clinically asymptomatic five year old boy in the control group was
hypocalcaemic, with a raised serum phosphate and normal vitamin D
levels. He was referred to endocrinology for further assessment based
on these findings.

The vitamin D2 and D3 were significantly lower in patients with
epilepsy who were on cytochrome P450 inducers (carbamazepine and
phenobarbital) compared to those on cytochrome P450 non-inducers
and controls (Table 3).

Twenty-four children were prescribed enzyme-inducing ASMs
(carbamazepine and phenobarbital) and 44 were prescribed non-en-
zyme inducers (Table 4). Fifty-two children were on one to two ASMs
and 16 were on three or more ASMs. The type of ASMs, number of
ASMs, seizure semiology (focal or generalized) and whether a child had
a known epilepsy syndrome or not, were not associated with vitamin D

deficiency. When the data was analysed for those on monotherapy
(n= 26) compared to two or more ASMs there was no statistical dif-
ference found. Median duration on ASMs was 63 months (range 12–176
months).

There was no difference in the dietary intake between children with
epilepsy on ASMs and controls. The 24 h recall suggested moderate
intake of vitamin D foods such as one to two cups of fresh milk daily,
followed by eggs up to three times a week. However other foods such as
fish and beef were generally only eaten once a week and no children
had cod liver oil.

Among children with epilepsy, the mean vitamin D level was
25.9 ng/ml± 7.8 and 29.1 ng/ml± 8.6 (p value=0.14) in children
with African (n= 60) and mixed ancestry (n=76) respectively.
Further the ancestry of the children was not associated with any sta-
tistical difference in vitamin D levels across the control and the epilepsy
group.

4. Discussion

Overall vitamin D deficiency was evident in more children with
epilepsy (16%) than without (8.8%), but this was not statistically sig-
nificant. Vitamin D insufficiency was present in similar proportions of
the children with epilepsy compared to the control group. Children
with epilepsy on enzyme-inducing ASMs had lower mean vitamin D
levels, lower mean serum phosphate and a higher mean parathyroid
hormone levels compared to the control group.

This study established that vitamin D deficiency or insufficiency is
common in children with epilepsy on ASMs in this region of sub-
Saharan Africa, occurring in 60.3% of the study group. Similar results
were found in other studies undertaken in Australia, USA, Denmark,
Spain, Turkey, Israel, Iran, Egypt, and Korea where the prevalence of
vitamin D deficiency or insufficiency in children with epilepsy ranged
between 50–66% [20–24,26,32,34,37]. As demonstrated since vitamin
D deficiency is common in children with epilepsy, where there is ca-
pacity, all patients on ASMs should be investigated for vitamin D de-
ficiency and supplemented accordingly. In a resource limited setting
this may be challenging to implement and clinicians may need to resort
to promotion of a healthy diet and access to adequate daylight time.
The health economics of routine vitamin D supplementation of children
on long term ASMs versus serial screening of vitamin D levels and even
DEXA scans is yet to be delineated. Development of a clinical practice
guideline would be a useful aid to assist motivating for local resources
to enable appropriate screening and management of children with
epilepsy on ASM.

Vitamin deficiency or insufficiency was also common in the control
group affecting 48.5%. Key vitamin D promoting foods were considered
lacking for the children in both groups, namely fish, beef and cod liver
oil. This may have compounded the worryingly low levels identified in
many of the children and highlights the need to include details of
dietary intake in the clinical assessment of children based in resource
limited settings. Whilst children from both groups were at risk of low
vitamin D levels, those in the epilepsy group had statistically significant
lower levels.

In this study children with epilepsy on ASMs had significantly lower
levels of serum calcium and phosphate levels compared to the control
group. Similar findings were seen in a case control study in Nigeria
which found children with epilepsy had lower serum calcium levels
compared to the control group but there was no difference in serum
phosphate between the two groups [38]. A study in Turkey also found
children on carbamazepine and sodium valproate had lower serum
calcium levels compared to the control group [12]. Other reports have
shown that hypocalcaemia and hypophosphataemia are associated with
the use of ASMs [11,12,39]. ASDs, particularly cytochrome P450 en-
zyme inducers, cause reduction of vitamin D leading to impaired bone
metabolism and low serum calcium and phosphate.

This study showed that children with epilepsy on cytochrome P450
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enzyme-inducing ASMs had higher mean parathyroid hormone levels
compared to those on cytochrome P450 enzyme non-inducing drugs.
Children with epilepsy on enzyme-inducing ASDs had also higher
parathyroid hormone levels compared to the control group. Similar
findings were shown in cross sectional studies in Malaysia and Australia
where children with epilepsy on ASMs had elevated parathyroid hor-
mone levels [34,40]. In our study, serum vitamin D levels were sig-
nificantly lower in children on cytochrome P450 enzyme-inducing
ASMs compared to the control group. Serum vitamin D levels were also
lower in children with cytochrome P450 enzyme-inducing ASMs com-
pared to those on cytochrome P450 enzyme non-inducing drugs,
however the difference did not reach statistical significance.

The mean 25(OH)D2 and mean 24,25(OH)2D3 were significantly
lower in children with epilepsy on enzyme-inducing ASMs compared to
those on enzyme non-inducing drugs and the control group. The
25(OH)D2 is derived from hydroxylation of ergosterol and
24,25(OH)2D3 a metabolite of Vitamin D is produced from hydroxyla-
tion of 25(OH)D3 [6,41]. Enzyme-inducing ASMs cause increased

Table 2
Biochemical parameters of children with epilepsy compared to the control group.

Patients with Epilepsy n= 75 Control Group
n=75

Patient Mean – Control Mean
(95% CI)

p-value Normal ranges

Vitamin D deficiency
(%)

16%
n=11

8.8%
n=6

NA

Vitamin D (ng/ml) N=68 N=68
Mean ± SD

(95% CI)
27.56 ± 8.6
(25.48, 29.64)

30.30 ± 7.4
(28.51, 32.09)

−2.74
(-5.46, -0.02)

0.024
**0.049

> 30 ng/ml

24,25(OH)2D3 (ng/ml)* N=68 N=68
Mean ± SD

(95% CI)
2.14 ± 0.9
(1.92, 2.36)

2.58 ± 1.1
(2.31, 2.85)

−0.44
(-0.78, -0.1)

0.014
**0.012

–

25(OH)D2 (ng/ml)* N=68 N=68
Mean ± SD

(95% CI)
0.39 ± 0.3
(0.32, 0.46)

0.4 ± 0.1
(0.38, 0.42)

−0.01
(-0.09, 0.07)

0.78
**0.79

–

25(OH)D3/24,25(OH)2D3* N=68 N=68
Mean ± SD

(95% CI)
14.17 ± 4.3
(13.13, 15.21)

13.15 ± 3.9
(12.21, 14.09)

1.02
(-0.37, 2.41)

0.152
**0.149

–

25(OH)D3/D3* N=68 N=68
Mean ± SD

(95% CI)
32.71 ± 2.4
(32.13, 33.29)

34.26 ± 2.5
(33.65, 34.87)

−1.55
(-2.38, -0.72)

0.715
**0.00033

–

Serum Calcium N=73 N=69 2.23 – 2.58
Mean ± SD

(95% CI)
2.38 ± 0.09
(2.36, 2.4)

2.34 ± 0.12
(2.31, 2.37)

0.04
(0.0046, 0.075)

0.026
**0.027

mmol/L

Calcium Corrected N=71 N=68 2.2-2.6
Mean ± SD

(95% CI)
2.34 ± 0.08
(2.32, 2.36)

2.32 ± 0.12
(2.29, 2.35)

0.02
(-0.01, 0.05)

0.553
**0.252

mmol/L

Serum Phosphate N=72 N=68 0.81 – 1.49
Mean ± SD

(95% CI)
1.39 ± 0.2
(1.34, 1.44)

1.76 ± 0.7
(1.59, 1.93)

−0.37
(-0.55, -0.19)

0.000
**0.000071

mmol/L

Parathyroid Hormone N=68 N=52 1.6 – 6.9
Mean ± SD

(95% CI)
3 ± 1.51
(2.63, 3.37)

2.7 ± 0.97
(2.43, 2.97)

0.3
(-0.15, 0.75)

0.187
**0.189

pmol/L

Table 3
Comparison Vitamin D, D2, D3 and Parathyroid Hormone in children with Epilepsy on cytochrome P450 inducers, inhibitors and controls.

Cytochrome P450 Inducers
n= 14

Cytochrome P450
Non-inducers
n= 48

P value Cytochrome P450 Inducers
n= 14

Controls
n= 75

P value Normal
range

Mean Vitamin
D

24.67 ± 11.4 27.96 ± 7.7 0.23 24.67 ± 11.4 30.72 ± 7.4 0.08 >30 ng/ml

Mean Vitamin D2* 0.25 ± 0.07 0.44 ± 0.37 0.000004 0.25 ± 0.07 0.4 ± 0.17 0.0018 –
Mean Vitamin D3* 1.61 ± 1.06 2.26 ± 0.86 0.028 1.61 ± 1.06 2.58 ± 0.86 0.004 –
Corrected Serum Calcium 2.29 ± 0.06 2.36 ± 0.08 0.009 2.29 ± 0.06 2.33 ± 0.12 0.15 2.2-2.6mmol/L
Serum Phosphate 1.41 ± 0.23 1.38 ± 0.25 0.7 1.41 ± 0.23 1.77 ± 0.7 0.0015 0.81-1.49 mmol/L
Parathyroid

Hormone
4.47 ± 2.33 2.64 ± 0.99 0.02 4.47 ± 2.33 2.7 ± 0.97 0.03 1.6-6.9 pmol/L

Table 4
Clinical Parameters and Vitamin D levels in children with epilepsy.

Vitamin D Level

Less than 20 ng/ml
Number %

Greater than 20 ng/ml
Number %

P value

Enzyme Inducers
Yes (N=24) 6 54.5 18 31.6 0.144
No (N=44) 5 45.6 39 68.4
No of ASMs used
1-2 (N=52) 9 81.8 43 75.4 0.648
> 3 (N=16) 2 18.2 14 14.6
Seizure Semiology
Focal (N=39) 7 63.6 32 56.1 0.645
Generalized (N=29) 4 36.4 25 23.9
Epilepsy Syndrome
Yes (N=18) 3 27.3 15 26.3 1.0
No (N=50) 8 72.7 42 73.7
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destruction of both forms of vitamin D, thus leading to little formation
of 25(OH)D2 and 24,25(OH)2D3. This is the first study to report that
children on enzyme-inducing ASMs have lower levels of 25(OH)D2 and
24,25(OH)2D3 levels probably as result of increased destruction of vi-
tamin D.

The median duration of ASMs was five and a half years so the group
had established time period of epilepsy and prolonged time period of
prescribed ASMs. However, this study did not show difference in the
number of ASMs used between children with vitamin D deficiency and
those without, compared to other studies which have shown poly-
therapy to be associated with lower vitamin D levels
[19,21,22,27,28,40,42,43]. Our cohort was recruited from a tertiary
center which manages a greater proportion of children with severe
forms of epilepsy requiring multiple ASMs. As such the number of
children on monotherapy was less than the number on multiple ASMs
which may have underpowered this analysis.

The type of seizures, either focal or generalized were not associated
with the vitamin D level in this study. Similar findings were reported in
cross sectional studies of children with epilepsy conducted in Australia
and Malaysia [34,40]. The data from this study further supports that
seizure type is not associated with the vitamin D level.

This study also found that vitamin D levels were not associated with
whether a child had an epilepsy syndrome. Similar results were de-
monstrated by a hospital based cross sectional study conducted in
Australia [34]. This further emphasizes that vitamin D level is not af-
fected by the type of epilepsy or its aetiology, but rather by the choice
of ASMs a patient receives.

Similar to the studies conducted in Australia and Malaysia, this
study showed no difference in the dietary intake between children with
epilepsy with vitamin D deficiency and those without [34,40]. The
primary source of vitamin D is sunshine and dietary intake contributes
less than 10% of the requirement [44]. This study further reiterates that
the key lifestyle determinant of the vitamin D level is sun exposure and
not dietary intake. Sufficient Vitamin D can be produced in fair skin
individuals following 10 to 15min of sun exposure between 10am and
3 pm in summer, spring and autumn. Longer duration of sun exposure
will be required for individuals of African descent [45].

Studies from South East Asia have shown that ethnicity does affect
the vitamin D levels. A hospital based cross sectional study in Malaysia
showed children of Indian ethnicity had lower vitamin D levels com-
pared to the other ethnic groups [40]. A multinational study conducted
in Indonesia, Thailand, Vietnam and Malaysia also showed children of
Indian ethnicity had lower vitamin D levels compared to the other
ethnic groups [46]. In contrary, this study showed no difference in the
mean vitamin D levels between the children of African and mixed an-
cestry. Thus ethnicity may not be a contributing factor to the Vitamin D
level in children in this sub-Saharan African region.

Literature on the vitamin D metabolism and ASMs in individuals
with epilepsy has revealed inconsistent results (Table 1). Most of these
studies were undertaken in Europe and North America in patients who
were well controlled on monotherapy.

This is the first study to assess vitamin D levels in children with
epilepsy in a sub-Saharan African setting. It is the first study to assess
not only parameters of bone metabolism but also other vitamin D me-
tabolites and dietary intake. Previous studies assessed vitamin D levels
and other parameters of bone metabolism without including the vi-
tamin D metabolites [34,40,42].

Limitations of this study included that the control group was sig-
nificantly younger which may have affected the results. However, the
effect should have been small since age does not affect bone metabolism
before puberty. Further the limited access to children on monotherapy
limited delineating the effects of individual ASMs on vitamin D levels.

In conclusion many of the children from both the control and the
study group had low vitamin D levels, but this was statistically more
marked for the children with epilepsy on ASM. Children with epilepsy
on enzyme-inducing ASM have lower mean of vitamin D levels

compared to those on enzyme non-inducing drugs. Our data supported
that children on enzyme-inducing ASM should be investigated and
managed for vitamin D deficiency (using 25(OH) vitamin D). According
to the literature there may be a case for extending this to all children on
ASMs. Further, holistic care should be implemented for children in
resource limited settings where dietary intake is potentially insufficient
and correction of this could protect vulnerable children from exacer-
bation of inadequate vitamin D levels.
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