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Purpose: Our aim was to investigate any adverse effects of long-term valproic acid (VPA) therapy on bone bio-
chemical markers in ambulatory children and adolescents with epilepsy, and the possible benefits of vitamin D
supplementation on the same markers.

Methods: In this single center, the prospective interventional study levels of 25-hydroxyvitamin D (250HD) and
the bone turnover indices of Crosslaps (CTX), total alkaline phosphatase (tALP), osteoprotegerin (OPG), and the
receptor activator for nuclear factor kB (RANK) ligand (sSRANKL) were assessed before and after one year of vita-
min D intake (400 IU/d) and were compared with those of clinically healthy controls. Fifty-four ambulatory chil-
dren with mean (£ standard deviation [SD]) age 9.0 4 4.5 yrs on VPA (200-1200 mg/d) long-term monotherapy
(mean: 3.2 + 2.6 yrs) were studied, before and after a year's vitamin D intake (400 IU/d).

Results: Nearly half of the cases were vitamin D insufficient/deficient with mean levels 23.1 4+ 12.8 vs 31.8 +

16.2 ng/mL of controls (p = 0.004) and after the year of vitamin D intake increased to 43.2 4 21.7 ng/mL (p <

0.0001). In parallel, serum CTX and tALP had a decreasing trend approaching control levels but OPG and SRANKL
did not change and were not different from controls. However, after vitamin D intake, a positive correlation was
seen between 250HD and OPG but not before.

Conclusions: The findings imply a higher bone turnover in the young patients on long-term VPA therapy that de-
creased after vitamin D intake.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

The incidence of epilepsy in childhood and adolescence is quite high
and concerns 2.5-7% of the ages up to 18 years, who are in need of treat-
ment. For this, there are several antiepileptic drugs (AEDs) like the
classic ones (valproic acid [VPA], carbamazepine, phenobarbital, and
phenytoin) and those of a newer generation (lamotrigine,
oxcarbamazepine, topiramate, gabapentin, levetiracetam).

However, since the 70s, the long-term antiepileptic therapy started
to be associated with bone and vitamin D disorders. The association be-
tween epilepsy, AEDs, bone metabolism, and vitamin D status has been
recognized for more than 30 years [1].

Although there are some conflicting reports regarding bone mineral
density among children with varying epilepsy syndromes treated with
AEDs, many studies report clinically significant reductions in bone min-
eral density [2-4]. This is so even in the case of monotherapy with VPA
which is a widely used drug in this age group and very effective for a
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broad range of seizure types [3-6]. Also, even though reports agree in
that vitamin D insufficiency/deficiency is quite high in this population
[7,8], those implicating vitamin D deficiency to bone complications are
controversial [8-10]. In addition, information about the possible effects
of vitamin D replenishment in these patients is scarce.

Vitamin D insufficiency is quite prevalent even among ambulatory
children whose epilepsy is well-controlled on monotherapy. Although
VPA is not an enzymatic inducer and should not interfere with vitamin
D metabolism, most studies with this drug have shown decreased
250HD levels [7,10-12].

Childhood is a critical time for bone mineralization, since the peak
bone mass is acquired up to the end of adolescence [13]. It is also
known the significant role that vitamin D plays in the skeleton's growth,
as well as its positive correlations between vitamin D and Bone Mineral
Density (BMD) across a wide range of vitamin D levels reported in the
general population in the National Health and Nutrition Examination
Survey (NHANES) study [14].

The abnormalities in bone metabolism induced by VPA are still con-
flicting and difficult to evaluate because of widely varying study designs
[15,16]. Although it is not an enzyme inhibitor drug and should not
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affect the cytochrome P450 enzymes involved in the vitamin D metab-
olism, it is believed to affect calcium (Ca) balance, by reducing its intes-
tinal absorption and renal loss together with loss of phosphate (Pi). It
also seems to have a direct effect on bone turnover by inhibiting osteo-
blasts and stimulating osteoclasts [17].

Therefore, it is of importance to continue searching further for possi-
ble factors/mechanisms involved in the process of VPA treatment of
these young patients with the old (alkaline phosphatase, Crosslaps
[CTX]) and some new bone biochemical markers like osteoprotegerin
(OPG) and the receptor activator for nuclear factor kB (RANK) ligand
(SRANKL). This may help in minimizing the adverse effects of the anti-
epileptic therapy on their bone mass.

Osteoprotegerin is a glycoprotein soluble member of the tumor ne-
crosis factor (TNF) receptor superfamily and is produced by many dif-
ferent tissues and cell types including osteoblasts. It functions as a
decoy receptor for the receptor activator for nuclear factor kB (RANK) li-
gand (RANKL), a member of the TNF superfamily that is expressed on
the surfaces of osteoblast lineage cells and is an obligate requirement
for osteoclast formation and function. When OPG binds to RANKL, it
neutralizes its proresorptive activity by preventing it binding to its
physiologic effect or receptor, RANK, thus inhibiting osteoclastogenesis
[18]. Osteoprotegerin may also promote bone regeneration and en-
hance new bone formation [19].

Studies to date for possible effects of vitamin D supplementation on
bone metabolism in children on antiepileptic therapy are very limited,
inconsistent, and only one recent in adults/adolescents [20]. Even
though most recommend the prescription of vitamin D supplementa-
tion, there is still a debate regarding the optimal dose and its exact im-
pact on bone mineralization [21].

Therapies that modulate bone turnover in other disorders have been
reported to influence OPG and RANKL production [22,23]. Investigation
of the possible beneficial effects of vitamin D supplementation in the
bone metabolism of these children is of great importance for two rea-
sons. First, because they constitute a large part of the general youth pop-
ulation and second, due to the fact that the maximum bone density is
achieved up to the end of adolescence.

The aim of the present study was to study the effects of long-term
monotherapy with VPA on some new biochemical bone markers as
well as old ones in children and adolescents, and also to investigate
any possible beneficial effects of vitamin D supplementation on the
same markers. For this goal, we determined serum markers of bone
turnover including proteins of the RANK/RANKL/OPG system, total alka-
line phosphatase (tALP), and CTX in children up to 18 yrs of age before
and one year after vitamin D intake (400 IU/d) who were on long-term
monotherapy with VPA.

2. Methods
2.1. Study design-subjects

This was a prospective interventional study. Patients were recruited
from the Epilepsy Pediatrics Clinic of the University Hospital of loan-
nina. Fifty-four ambulatory children up to 18 yrs of age (mean: 9.0 +
4.5 yrs; median: 9.0) monitored for epilepsy who were treated with
VPA for over 12 months (mean: 3.2 4 2.6 yrs; median: 2.5) with dos-
ages (200-1200 mg/d; median: 700) were included in the study. All
children were seizure-free. None of them had seizures that had been
treated with other AEDs before. All the diagnoses were made by one
neurologist (LN.) on the basis of clinical history and seizure semiology,
electroencephalography (EEG), cerebral computerized tomography
(CT) scan, or magnetic resonance imaging (MRI). No restrictions were
based on the etiology or localization of the seizures. Exclusion criteria
were medical treatment with substances that have a known impact on
bone metabolism (e.g., corticosteroids, bis-phosphonates, calcitonin),
other risk factors for secondary osteoporosis such as endocrine diseases
(e.g., diabetes mellitus), inflammatory diseases (e.g., rheumatoid

arthritis), malignancies, malabsorption (e.g., Crohn disease), or kidney
diseases. A group of 55 children of comparable age (8.3 + 4.3; median:
8.0) who attended the pediatric clinics for programmed follow-up ei-
ther for radiological investigation (urinary tract ultrasound or
cystourethrography) because of urinary infections or for investigations
for nocturnal enuresis, headaches, episodes of loss of consciousness,
chronic abdominal pain, and paleness were used as controls. None of
them was on any medication at that time. Both patients and controls
came from the same area of Epirus.

Evaluations were performed during the follow-up visits, and sam-
ples were taken at the same time with the routine samples for drug
monitoring and other tests just before the start of vitamin D (400 U/
d) and 12 months after. Body weight and height were recorded at
each visit, and body mass index (BMI) was calculated as BMI = mass
[kg] / (height [m])?. Blood samples collected to determine serum levels
of Ca, Pi, tALP, OPG, sRANKL, and CTX were centrifuged, and serum was
stored at —20 to — 30 °C until further processing.

2.2. Standard protocol approvals, registrations, and patient consents

The study protocol was approved by the Institutional Review Board
of the University Hospital of loannina. Informed consent was obtained
by the parents according to the local regulations.

2.3. Biochemical analysis

Serum analysis of SRANKL and OPG was performed according to the
protocols using commercially available kits from BioVendor (Heidel-
berg, Germany) with sandwich enzyme immunoassays. Detection
limit for sSRANKL was 0.4 pmol/L; intra-assay coefficient of variation
(CV) was 11% at the level of 370 pmol/L; and inter-assay CV was 12%
at the level of 310 pmol/L. Osteoprotegerin detection limit was 0.03
pmol/L, intra-assay CV 3.8%, and inter-assay CV was 7% at the level of
4.8 pmol/L. Serum CTX was determined according to the protocol of
commercially available Enzyme-Linked Immunosorbent Assay (ELISA)
kit from Immunodiagnostic Systems (IDS) (Frankfurt, Germany). Detec-
tion limit was 0.02 ng/mlL, intra-assay CV was 1.8%, and inter-assay CV
was 2.5% at the level of 2.0 ng/mL. Serum Ca, P, and ALP were analyzed
on an Automatic Biochemical Analyzer (AXSYM, Abbott).

24. Statistical analysis

The results are shown as mean 4 standard deviation (SD) and me-
dian, since the values did not show normal distribution. The distribution
of data was checked using the Kolmogorov-Smirnov test. The Mann-
Whitney nonparametric test was used as appropriate for identifying
the differences between groups. Bivariate correlations were analyzed
using the Pearson's correlation coefficients (r) to identify associations
among the parameters, like duration of treatment, VPA dosage,
250HD levels, and the other biochemical indices of bone turnover. A
value of p <0.05 was considered statistically significant.

3. Results

As shown in Table 1, the patient's characteristics were comparable to
those of controls, and their BMI was in the normal range. Table 2 shows
the results of the biochemical parameters studied that are expressed as
means + SDs and median. Serum basal 250HD levels were significantly
lower than of controls (23.1 £+ 12.8 vs 31.8 4 16.2 ng/mL; p = 0.004),
and at individual level, nearly half of the patients (38%) had levels <
20 ng/mL, nearly twice the number of controls (20%).

However, their serum Pi levels did not differ from the controls. De-
spite the lower than controls mean serum Ca levels (9.9 + 0.5 vs 10.2
+ 0.4 mg/dl; p = 0.027) (Table 2), none of the patients had values
below 8.5 mg/dl. Serum CTX levels were found significantly higher
than controls (1.38 4 0.55 vs 1.15 4 0.53 ng/mL; p = 0.044) while
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Table 1
Characteristics of patients on valproic acid and controls as means (4 SD) and median
values.

Patients Controls p
N 54 55
Age (yrs) 9.0 £ 4.5 89+39 NS
(Median) (9.0) (8.0)
Gender (M/F) 30/24 25/30
Years of treatment (yrs) 3.18 £ 2.6 -
(Median) (2.25) -
Valproic dose (mg)
(Mean + SD) 682 + 287 -
(Median) (700) -
Body weight (kg) 36.8 +21.0 36.0 + 185 NS
(Median) (28.8) (33.0)
BMI (kg/m?) 20.1 £5.0 189+ 5.0 NS
(Median) (18.1) (17.8)

NS: Not significant.

serum ALP, OPG, and sRANKL levels were not different from controls
(208 4 43 vs 187 4 70 IU/L, 3.50 & 2.54 vs 2.54 £ 1.23 pmol/L, and
411 £ 298 vs 386 + 201 pmol/L, respectively).

After the one-year vitamin D supplementation, the patient's 250HD
levels increased significantly from 23.1 4- 12.8 t0 43.2 4 21.7 ng/mL (p
<0.0001) and became higher also from controls (p = 0.004) (Table 2).
Still, 4% continued to have lower than 20 ng/mL 250HD levels. Serum
Ca and Pi did not show any changes while serum CTX levels decreased
approaching those of controls, and similarly, the serum tALP had a de-
creasing trend (p = 0.065) (Table 2). Serum OPG and sRANKL did not
change and again did not differ from controls.

Spearman correlation analysis of the patient's results showed no
correlations between years of VPA treatment and the parameters exam-
ined. A VPA dose dependence of CTX was found before vitamin D intake
(r = 0.40, p = 0.01) which was sustained even afterwards (+ 0.47, p
= 0.002) (Table 3). At the same time, there was a negative dose effect
on OPG levels (r = —0.44, p = 0.04) but again it continued to hold
after the vitamin D supplementation (r = — 0.47, p = 0.002). However,
after vitamin D supplementation, a strong positive correlation was
found between serum 250HD and OPG (r = 0.37, p = 0.013) that was
not seen before (Table 3). Also, after vitamin D, there were negative cor-
relations between CTX and sRANKL (r = —0.33, p = 0.03) and between
CTX and OPG (—0.31, p = 0.04). At both times, an age dependence of

Table 2

The mean values (M + SD) and median of the serum biochemical parameters studied in
the patients on valproic acid treatment before and after one-year vitamin D supplementa-
tion (400 IU/d) and of controls.

Parameter Patients Controls
Before vitamin D After vitamin D
250HD (ng/mL) 23.1 +12.8™ 432 £21.7°° 31.8 +16.2
(Median: 21.0) (Median: 38.8) (Median: 29.4)
Ca (mg/dl) 9.9 + 0.5% 9.9+ 04" 102 + 04
(Median: 10.0) (Median: 9.9) (Median: 10.3)
Pi (mg/dl) 53+£07 46+ 08 47408
(Median: 5.4) (Median: 4.6) (Median: 4.9)
tALP (IU/L) 208 + 43 181 + 62 187 +£70
(Median: 211) (Median: 174) (Median: 194)
CTX (ng/mL) 1.38 + 0.55™ 1.29 4+ 0.54 1.154+0.53
(Median: 1.42) (Median: 1.30) (Median: 1.12)
OPG (pmol/L) 3.50 £+ 2.54 3.11 4242 254 +£1.23
(Median: 2.77) (Median: 2.57) (Median: 2.63)
SRANKL (pmol/L) 411 4+ 298 500 + 420 386 + 201

(Median: 343) (Median: 372) (Median: 370)

avsb: p<0.0001.
* p=0.004.
* p= 0044,
5 b = 0,0002.
* p = 0.027 (from controls).

Table 3
Spearman correlations in the patient group before and after vitamin D supplementation.

After vitamin D
supplementation

Before vitamin D
supplementation

r p r p

Age vs 250HD NS NS
Age vs CTX +0.45 0.003 +0.46 0.002
Age vs OPG —0.46 0.002 —045 0.002
VPA dose vs CTX +0.40 0.01 +0.47 0.002
VPA dose vs OPG —0.44 0.04 —0.47 0.002
250HD vs OPG NS +0.37 0.013
CTX vs SRANKL NS —033 0.03
CTX vs OPG NS —0.31 0.04

CTX (before: r = 4 0.45, p = 0.003; after: r = +0.46, p = 0.002) and
a negative one of OPG (before: r = —0.46, p = 0.002; after r =
— 045, p = 0.002) were observed but not of 250HD (Table 3).

4. Discussion

The adverse effects of antiepileptic therapy on bone metabolism of
children and adolescents are of great interest since that is the age
when the rate of bone mineral accrual reaches its maximum [13].
Hence, from the infant age up to the adulthood, the higher bone density
achieved the better prevention of skeletal problems in later life. It has
also been reported that increasing duration of AED treatment in ambu-
latory children may decrease bone mineral density [ 16] and elevate the
risk of osteopenia [4,24]. This dependence was not seen in our patients,
since we could not detect a correlation between years of treatment and
either CTX, ALP, OPG, or sSRANKL levels.

Vitamin D deficiency has also been implicated in those patients since
it is found to occur in a higher incidence than in the general population
and to deteriorate further with the duration of therapy according to
some reports [12,25]. Although the vitamin D levels were significantly
lower in our patients, no relation with the years of treatment was
found, which may be because of the relatively short time. But, there
was a dose effect on CTX and a negative one on OPG and continued to
hold even after the vitamin D supplementation.

Despite reports that monotherapy with nonenzyme inducing AEDs
(non-EIAEDs) like VPA [26,27] should not have a detrimental effect on
vitamin D metabolism, still, there are others which associate them
with poor bone health [7,28]. We observed low 250HD levels (<20
ng/mL) in nearly half of our patients (38%), which was nearly twice of
the controls (20%) and similar to other reports with VPA monotherapy
[7,8]. However, after the year's vitamin D intake, there was a significant
decrease to 4%. The controversy is whether the increased vitamin D
turnover is due to VPA treatment itself or not, since it is believed not
to induce but rather inhibit cytochrome p450 enzymes [29]. However,
Cerveny et al. [30] and Vrzal et al. [31] from in vitro experiments in
human hepatocytes and human embryonic kidney cells reported that
VPA in therapeutic concentrations increased basal and vitamin D-in-
duced expression of CYP24A and CYP3A4 through direct activation of
the pregnane X receptor (PXR) pathway leading to catabolism of vita-
min D and thus lowering its activity.

Another theory proposed by El-Hajj Fuleihan et al. [32] suggests that
the low 25(0OH)D levels may reflect impact of disease per se rather than
of the drug on vitamin D levels and that agrees with our results since we
did not see any correlation of 25(0OH)D with the years of treatment. An-
other intriguing possibility could be that certain drugs may affect vita-
min D levels independent of the cytochrome P450 system. Also, the
way of life of these patients might be an additional detrimental factor
even though all patients were ambulatory.

A theory that even the non-EIAEDs may contribute to bone loss by
inhibiting intestinal absorption of Ca again has yet to be clarified since
a lot of studies including ours do not find low serum Ca or Pi nor high
Parathyroid Hormone (PTH) levels [16,27].



M. Papassava et al. / Epilepsy & Behavior 97 (2019) 192-196 195

However, despite the above theories, the question of whether this
insufficiency/deficiency may have an adverse effect on bone health is
still under debate, and more so, since there is not enough information
as to whether vitamin D supplementation would be of benefit. In our
study, the tALP levels did show a trend to decrease after the vitamin D
intake becoming similar to controls. Babayigit et al. [4] found higher
tALP levels despite normal 250HD, Ca, Pi, and PTH levels, and Voudris
et al. [33] reported only the bone isoezyme higher but not the tALP.
There are also others who have not found differences in biochemical
markers despite the lower BMDs [3,34].

In addition, we observed increased CTX levels at the start of the
study which after the year's vitamin D intake approached the control
levels. Other studies all with young patients on VPA monotherapy give
conflicting results. Rieger-Wettengl et al. [35] have reported elevated
urinary levels of deoxy-pyridinoline, a marker of bone resorption, in
agreement with our findings with another resorption marker (CTX).
Tsukahara et al. [2] reported reduced concentrations of both formation
and resorption markers like serum osteocalcin (OC), carboxy-terminal
propeptide of type I procollagen (PICP), and carboxy-terminal
telopeptide of type I collagen (ICTP) while Verrotti et al. [15] reported
the same markers increased and Oner et al. [3] only the OC higher.

Increased bone turnover with predominant bone resorption may be-
come evident, as the increase in age and possibly as the duration of
treatment is prolonged. We saw only an age dependence of CTX and a
negative one with OPG before but also after vitamin D treatment but
not with the years of antiepileptic treatment, which was not very long.

Increased bone turnover leading to decreased bone mass has also
been reported in adults on valproate [36]. Even when Ca and Pi levels
are kept normal in such patients, there may be a persistent increase in
bone turnover. Histologically, biopsies of patients that are treated with
either enzyme inducing or enzyme inhibiting AEDs suggest that the
bone disease is due mainly to an increased frequency of remodeling ac-
tivation and bone turnover, rather than a mineralization defect [37].
Hence, it seems that the mechanism of action is probably an effect on os-
teoblast-osteoclast interaction rather than direct Ca effects. In support
of the above theory is that in our patients after the vitamin D intake,
CTX decreased to comparable control levels, and a positive correlation
was seen between 250HD levels and OPG concentrations.

We did not observe significant differences in the circulating OPG and
SRANKL levels between patients and controls, while Bauer et al. [38] in
newly diagnosed adults after 3 months of treatment on VPA saw an in-
crease in OPG but not in the SRANKL. Also, we did not see changes in
these two parameters after vitamin D but we saw negative relations be-
tween CTX and OPG or CTX and sRANKL, again an indication of a positive
effect on bone turnover. Rauchenzauner et al. [26] in children on VPA
monotherapy also found normal serum OPG and sRANKL, even though
their population differed from ours in that it was not vitamin D insuffi-
cient/deficient.

4.1. Strengths

As it is already pointed out, relative studies are scarce with reference
to exogenous vitamin D intake. In a study with ambulatory patients
aged 10-18 yrs on long-term AEDs therapy, two different doses of vita-
min D (400 & 2000 IU) given daily led to increases in bone density after
one year irrespective of the dose [21]. In our study, also, the 400 IU/d
dosage for one year led to a slight improvement of the biochemical
bone markers.

4.2. Limitations
A longer follow-up might be needed to get clearer results, and/or

even higher doses of vitamin D might have been be necessary, since a
dose of 400 IU represents the daily needs.

5. Conclusions

It can be concluded, therefore, that long-term treatment even with
VPA induces a state of increased bone turnover in normally active chil-
dren, and that these changes occasionally could lead to osteopenia. In-
creased bone turnover with predominant bone resorption in these
patients may become evident, as they age and the duration of treatment
is prolonged. Even though the effect of VPA cannot be readily explained
by vitamin D metabolism alone, it may additionally act by stimulating
osteoclast activity causing an imbalance between bone formation and
resorption and contributing to bone loss. Vitamin D supplementation
then seems to act beneficially, and those subjects should be monitored
for their vitamin D status as to be treated accordingly. Still, there is an
increased need for more prospective intervention trials and clearer
results.
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