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his study evaluated the effects of oxcarbazepine
onotherapy on bone turnover in prepubertal and

ubertal children. Thirty-four newly diagnosed pedi-
tric patients with normal bone mineral density, serum
iochemical markers of bone formation, and hormonal
arkers participated. Levels of 25-hydroxyvitamin D
ere significantly decreased after therapy compared
ith baseline values. Levels of �-glutamyl transferase,
hosphorus, alkaline phosphatase, osteocalcin, para-
hyroid hormone, and calcitonin had increased. How-
ver, only changes in osteocalcin and �-glutamyl trans-
erase levels were statistically significant compared
ith baseline values. Drug-induced osteopenia was

vident in 3 patients with z scores of bone-mineral
ensity less than �2.0, whereas these patients had z
cores of less than �1.5 before treatment. Although 18
onths of oxcarbazepine treatment exerted slightly

dverse effects on bone metabolism, the effect seems
nsignificant in children with normal bone-mineral
ensity. Although alterations in bone metabolism do
ot always suffice to explain the decrease in bone-
ineral metabolism, we think that patients with os-

eopenia before the initiation of oxcarbazepine therapy
hould be followed carefully, especially in long-term
reatment. © 2008 Published by Elsevier Inc.
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A number of recent reports indicate that many antiepi-
eptic drugs used in children (e.g., phenytoin, valproic
cid, phenobarbital, and carbamazepine) cause a deterio-
ation of bone mineralization [1-5]. The most frequently
uggested mechanism behind such decreased bone-min-
ral density because of antiepileptic drug use involves the
epatic induction of the P-450 enzyme system, leading to
ncreased catabolism of 25-hydroxyvitamin D, and caus-
ng relative hypocalcemia, increased levels of parathyroid
ormone, and subsequent low bone-mineral density
3,4,6,7]. Direct effects of these drugs on bone cells were
roposed as another mechanism of bone-mineralization
efects in these patients [8,9]. The exact mechanisms are
s yet unclear [4,5,10].

It was suggested that newer antiepileptic drugs may be
ess likely to exert adverse effects on bone, but very few
eports are in favor of this suggestion [4,8]. Oxcarbaz-
pine, a keto-derivative of carbamazepine, is a new anti-
pileptic drug whose structure closely resembles that of
arbamazepine [11]. Its advantages over carbamazepine
nclude better tolerability [12,13], a lower risk of allergic
utaneous reactions, a lower propensity for drug-drug
nteractions, and fewer metabolic and endocrine effects
13-16]. These advantages are attributable to the different
iotransformation of oxcarbazepine. In contrast to carbam-
zepine, oxcarbazepine has a different metabolic pathway
n the liver. It is mainly metabolized by reduction rather
han oxidation, and does not appear to induce the oxidative
450-enzyme system to the same extent as carbamazepine
17,18]. Thus, oxcarbazepine was suggested as a safe
ntiepileptic drug since it has less induction effect on liver
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nzymes [19,20]. However, oxcarbazepine at higher doses
auses an induction of liver enzymes, affects thyroid
ormones in a manner similar to that of carbamazepine in
hildren during early phases of treatment, decreases the
fficacy of oral contraceptives, and increases the preva-
ence of polycystic ovaries [16,21-23].

This study investigated the effects of oxcarbazepine
onotherapy on levels of �-glutamyl transferase, 25-

ydroxyvitamin D, biochemical bone markers (calcium,
hosphorus, alkaline phosphatase, osteocalcin, parathyroid
ormone, and calcitonin), and bone-mineral density in
repubertal and pubertal epileptic children without os-
eopenia or osteoporosis.

aterials and Methods

Thirty-four newly diagnosed pediatric patients (18 prepubertal, and 16
ubertal) with idiopathic partial epilepsy were prospectively enrolled in
his study. Pubertal stage was determined according to the system of

arshall and Tanner. We included patients who were not receiving
ntiepileptic drugs or any other drugs that could affect bone metabolism
e.g., nonsteroidal anti-inflammatory drugs, calcium, vitamin D, or
ultivitamin preparations), and who were ambulatory, without any

eurologic deficits and underlying renal, hepatic, endocrine, cardiac,
eurometabolic, or other chronic diseases. Diagnostic tests, including
ranial magnetic resonance imaging, tandem-mass spectrophotometry,
nd urinary and blood amino-acid and organic-acid screening, all
roduced normal results.
Descriptions of seizure type followed the criteria of the International

eague Against Epilepsy [24]. The antiepileptic drug dose used was
hosen according to generally accepted guidelines [25]. Oxcarbazepine
as administered twice daily. Control of epilepsy was good in all patients

nrolled, and after the first month of treatment, no patients exhibited
ore than 2 seizures during treatment.
We calculated daily calcium and phosphorus intake with a 3-day diet

istory, and all patients demonstrated adequate intake according to
ecommendations of daily allowance [26]. Height and weight were
easured for all children, and all were within normal percentiles for the
urkish pediatric population [27,28]. Hand-wrist radiographs were eval-
ated for bone maturation. All of these evaluations were performed at the
eginning and end of the study. Pubertal stages were determined
ccording to the classification of Tanner and Whitehouse [29]. Patients at
tage II and above were considered pubertal. Five subjects who were
repubertal at the onset of the study, but who entered puberty during the
tudy, were excluded.

Among the recruited patients, one was excluded for social reasons, one
ecause of another disease affecting bone metabolism, and 8 because a
econd antiepileptic drug had to be added to their treatment of persistent
pileptic attacks. Finally, serum �-glutamyl transferase, calcium, phos-
horus, alkaline phosphatase, 25-hydroxyvitamin D, osteocalcin, para-

able 1. Clinical characteristics of patients receiving oxcarbazepin

N

Dosage of OXC
(mg/kg/day)

Type of
Epilepsy

25 30 35 40 P G

4 6 10 12 6 34 0

bbreviations:
SC � Drug serum concentration

� Generalized
XC � Oxcarbazepine
� Partial
hyroid hormone, calcitonin, and bone-mineral density were evaluated at
aseline and at month 18 in 34 patients.
Blood samples were obtained between 8:00-8:30 am after an overnight

ast, and samples were stored frozen at �70°C until analysis. Levels of
erum proteins, �-glutamyl transferase, aspartate aminotransferase, ala-
ine aminotransferase, creatinine, blood urea nitrogen, calcium, magne-
ium, and phosphate were determined by spectrofluorometric analysis.

Serum 25-hydroxyvitamin D levels were determined using a liquid
hromatographic system equipped with a Thermo Finnigan high-perfor-
ance liquid chromatography system, connected to an ultraviolet (UV-

000) detector (Thermo Electron Corp., Woodstock, GA). Detection was
erformed at 264 nm. We used a C18 analytical column to provide further
eparation of analytes from other endogenous plasma components before
etection.
Serum osteocalcin concentrations were measured with DSL-6900

adioimmunoassay kits from Diagnostic Systems Laboratories, Inc.
Webster, TX), with a sensitivity of 0.6 ng/mL and intra-assay and
nterassay coefficients of variation of 7.4% and 6.7%, respectively.
erum parathyroid hormone concentrations were measured with DSL-
000 radioimmunoassay kits, with a sensitivity of 12 pg/mL and
ntra-assay and interassay coefficients of variation of 5.7% and 4.5%,
espectively. Serum calcium concentrations were measured spectropho-
ometrically using a DAX Technicon 48 (Bayer Corp., Tarrytown, NY)
ith O-cresolphthalein complexone. Serum phosphorus concentrations
ere measured spectrophotometrically with a DAX Technicon 48, using

mmonium heptamolybdate. Serum alkaline phosphatase concentrations
ere measured spectrophotometrically with a DAX Technicon 48, using

he methods of the American Association of Clinical Chemistry and
nternational Federation of Clinical Chemistry. Serum concentrations of
onohydroxy-carbamazepine (the active metabolite of oxcarbazepine)
ere determined at months 3 and 18 of therapy, using high-performance

iquid chromatography.
Bone-mineral density was assessed using dual-energy x-ray absorpti-

metry (Norland XR-36 analyzer, Norland Corp., Fort Atkinson, WI) in
he lumbar spine at levels L2-4 and in the femur neck. Drug-induced
steopenia was defined as a z score of �2.0 or more [30]. Approval for
his study was obtained from the Gazi University Faculty of Medicine
thics Committee. Informed consent was received from parents.

tatistical Analysis

Analysis of all data was performed using the SPSS 11.5 packet
rogram (SPSS Corp., Chicago, IL). Continuous variables were ex-
ressed as means � standard deviations, and categorical variables as
ercentages. Repeated-measures analyses of variance were used to
valuate serum parameters, except for bone-mineral density and levels of
arathyroid hormone. Comparisons within groups were performed with
paired-samples t test. Basal and month 18 bone-mineral density and
arathyroid hormone levels were compared using the Wilcoxon test.
tatistical significance was set at P � 0.05.

Puberty Stage DSC (�g/mL)
epubertal Pubertal Month 3 Month 18

18 16 21.09 � 6.33 24.50 � 6.98
e

Pr
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esults

The clinical characteristics of patients are given in
able 1. At month 18, levels of serum calcium, phospho-

us, alkaline phosphatase, osteocalcin (only in prepubertal
atients), parathyroid hormone, calcitonin, and bone-min-
ral density were different from the initial values. How-
ver, these differences were not statistically significant.
erum gamma glutamyl transferase, 25-hydroxyvitamin D,
nd osteocalcin values at month 18 in control subjects
ere statistically significant compared with those of at
onth 0 (P � 0.05) (Table 2).
At the end of 18 months of oxcarbazepine treatment, 2

repubertal patients and 1 pubertal patient manifested

able 2. Laboratory data of children treated with OXC

OXC (n � Patients) Pretreatment (M

GT*
Prepubertal (n � 18) 21.61 � 7.
Pubertal (n � 16) 16.25 � 6.
Total (n � 34) 19.09. � 7.

alcium* (mg/dL)
Prepubertal (n � 18) 9.69 � 0.
Pubertal (n � 16) 9.51 � 0.
Total (n � 34) 9.61 � 0.

hosphorus* (mg/dL)
Prepubertal (n � 18) 4.63 � 0.
Pubertal (n � 16) 4.49 � 0.
Total (n � 34) 4.57 � 0.

LP* (IU/L)
Prepubertal (n � 18) 277.06 � 64
Pubertal (n � 16) 234.38 � 86
Total (n � 34) 256.97 � 77

5-Hydroxyvitamin D* (ng/mL)
Prepubertal (n � 18) 28.41 � 8.
Pubertal (n � 16) 27.37 � 9.
Total (n � 34) 27.92 � 8.

steocalcin* (ng/mL)
Prepubertal (n � 18) 23.08 � 8.
Pubertal (n � 16) 23.29 � 4.
Total (n � 34) 23.18 � 6.

arathyroid hormone† (pg/mL)
Prepubertal (n � 18) 39.24 � 10
Pubertal (n � 16) 35.32 � 14
Total (n � 34) 37.40 � 12

alcitonin* (pg/mL)
Prepubertal (n � 18) 5.13 � 2.
Pubertal (n � 16) 6.37 � 2.
Total (n � 34) 5.71 � 2.

Bone-mineral density (z score)
Prepubertal (n � 18) �0.09 � 1.
Pubertal (n � 16) �0.04 � 0.
Total (n � 34) �0.06 � 1.

alues are expressed as mean � SD.
Repeated-measures analysis of variance, group versus baseline.
Wilcoxon test, group versus baseline.
Statistically significant difference between month 18 and baseline (P �

bbreviations:
LP � Alkaline phosphatase
GT � �-Glutamyl transferase
S � Nonsignificant

XC � Oxcarbazepine

68 PEDIATRIC NEUROLOGY Vol. 39 No. 4
steopenia, with declines in z score of bone-mineral
ensity from �1.84, �1.68, and �1.80 to �2.12, �2.11,
nd �2.12, respectively. Among the 3 patients who
eveloped osteopenia, 2 had slightly increased levels of
arathyroid hormone, osteocalcin, and alkaline phospha-
ase, whereas calcitonin and 25-hydroxyvitamin D levels
ere similar. One had a slightly increased level of parathy-

oid hormone, with no difference in osteocalcin and calcito-
in levels. A minimal decrease in 25-hydroxyvitamin D level
as detected.
There were no correlations between levels of serum

-glutamyl transferase, calcium, phosphorus, alkaline
hosphatase, parathyroid hormone, osteocalcin, calcitonin,
nd 25-hydroxyvitamin D and bone-mineral density val-

) Month 18 P Value

28.89 � 10.76‡ 0.035
23.81 � 9.22‡ 0.033
26.50 � 10.24‡ 0.003

9.55 � 0.50 NS
9.30 � 0.50 NS
9.43 � 0.51 NS

4.77 � 0.46 NS
4.53 � 0.71 NS
4.66 � 0.59 NS

289.28 � 82.40 NS
239.19 � 87.19 NS
265.71 � 87.16 NS

25.59 � 5.87 NS
24.64 � 6.52 NS
25.14 � 6.11‡ 0.016

25.35 � 4.17 NS
26.64 � 4.92‡ 0.015
25.96 � 4.51‡ 0.013

39.32 � 12.63 NS
37.02 � 10.00 NS
38.10 � 11.20 NS

5.28 � 2.15 NS
6.41 � 2.06 NS
5.81 � 1.83 NS

�0.11 � 1.43 NS
�0.18 � 0.75 NS
�0.14 � 1.14 NS

.

onth 0

33
09
21

31
25
30

33
55
45

.48

.35

.45

70
10
76

31
64
73

.23

.55

.41

31
00
23

36
75
10

0.05)



u
i
t
T
d
(

D

m
b
o
t
n
s
b
m
t

f
w
s
(
e
d
v
e
c
d
p
a
2
z
m
a
T
r
e
v
o
r
2

n
h
d
[
(
e
t
c
c
n
M
P
m

t
c
r
b
o
t
l
s
e
w
t
T
g
t
t

d
r
a
e
e
a
d
i
a
i
e
p
l
a
p
l
i
D
e
e
t
w
o
p
e
o
b
d
2
e
t
T
l

n
c
p
s
s
d

es (data not shown). There were no correlations between
ncreased osteocalcin levels and decreased 25-hydroxyvi-
amin D levels and bone-mineral density (data not shown).
here were no correlations between decreased 25-hy-
roxyvitamin D levels and decreased bone-mineral density
data not shown).

iscussion

In this study, we longitudinally investigated bone-
ineral density and biochemical bone markers in prepu-

ertal and pubertal epileptic children with normal results
f initial biochemical and hormonal analyses, who began
o receive oxcarbazepine monotherapy. We found a sig-
ificant increase only in serum osteocalcin levels and a
ignificant decrease in serum 25-hydroxyvitamin D levels,
ut these were not correlated with a decrease in bone-
ineral density during 1.5 years of oxcarbazepine drug

herapy.
Osteocalcin is an important organic substance of bone

ormation [31], and its serum levels change in pathologies
here bone metabolism is altered [1,4,32]. Recently,

erum osteocalcin levels were found to be different
although to a statistically insignificant degree) in adult
pileptic patients during oxcarbazepine treatment, and this
ifference was attributed to the decrease in 25-hydroxy-
itamin D levels, as with patients undergoing carbamaz-
pine therapy [4]. Likewise, we found increased osteocal-
in levels in pubertal and prepubertal patients, and this
ifference reached statistical significance in the pubertal
atients. On the other hand, increased osteocalcin levels
fter 18 months of treatment were not correlated with low
5-hydroxyvitamin D levels and low bone-mineral density
scores in our patients. Puberty is the period when bone
ineralization occurs most rapidly, and skeletal mass has

pproximately doubled by the end of puberty [33,34].
herefore, a pubertal gain in bone mass is crucial. In a

ecent study, carbamazepine was found to manifest its
ffects on osteocalcin levels via decreased 25-hydroxy-
itamin D, independent of puberty [9]. Our results, on the
ther hand, indicate that increased osteocalcin levels are
elated to increased bone formation rather than decreased
5-hydroxyvitamin D.
Antiepileptic drugs (such as carbamazepine) exert their

egative effects on bone metabolism by decreasing 25-
ydroxyvitamin D levels secondary to liver-enzyme in-
uction [4,7,35], although this conclusion is still disputed
5,9]. Although their structures are similar, oxcarbazepine
a new-generation antiepileptic drug) has less induction
ffect on liver enzymes than carbamazepine [13,19]. On
he contrary, in a recent adult study, oxcarbazepine de-
reased 25-hydroxyvitamin D levels to the same extent as
arbamazepine, and the levels of 25-hydroxyvitamin D did
ot change, even when the two drugs were exchanged.
intzer et al. [4] suggested that oxcarbazepine may induce

450C1 and P450C24, the enzymes responsible for the

etabolism of 25-hydroxyvitamin D. Similarly, we de- t
ected decreased 25-hydroxyvitamin D levels in epileptic
hildren receiving oxcarbazepine. Moreover, this decrease
eached statistical significance when pubertal and prepu-
ertal patients were analyzed together. Therefore, although
xcarbazepine is a weak liver-enzyme inductor, it is thought
hat oxcarbazepine exerts a negative effect on bone metabo-
ism by liver enzyme induction [4]. Hence, we measured
erum �-glutamyl transferase levels (as an indicator of liver
nzymes), but we did not confirm this hypothesis, because
e did not find a correlation between increased �-glutamyl

ransferase levels and decreased 25-hydroxyvitamin D levels.
his study suggests that although oxcarbazepine increases
amma glutamyl transferase levels, decreased 25-hydroxyvi-
amin D cannot be readily explained by liver-enzyme induc-
ion.

Measurement of bone-mineral density is the gold stan-
ard for diagnosing osteopenia or osteoporosis [36]. The
eduction in z scores of bone-mineral density was associ-
ted with the use of a number of enzyme-inducing anti-
pileptic drugs [7,9,37]. Although enzyme-inducing anti-
pileptic drugs are often thought to be the primary agents
ssociated with the reduction of z scores of bone-mineral
ensity, Vestergaard et al. [38] demonstrated that an
ncrease in fracture risk was evident in both liver-inducing
ntiepileptic drugs (carbamazepine and phenobarbital) and
n noninducer antiepileptic drugs (valproic acid ). Farhat
t al. [39], in a study of 29 pediatric patients and 42 adult
atients, examined the effects of enzyme-inducing antiepi-
eptic drugs (including phenobarbital, phenytoin, carbam-
zepine, and primidone) and noninducing agents (val-
roate, lamotrigine, and topiramate). Although vitamin D
evels correlated poorly with bone-mineral density, they
ndicated that serum concentrations of 25-hydroxyvitamin

had decreased in adult and pediatric patients using either
nzyme-inducing antiepileptic drugs or noninducing anti-
pileptic drugs. There is no information in the literature
hat oxcarbazepine affects bone-mineral density. As best
e can determine, for the first time in the literature, we
bserved a slight decrease in bone-mineral density in both
repubertal and pubertal patients undergoing oxcarbaz-
pine monotherapy. In light of our findings, the effect of
xcarbazepine on bone mass cannot be readily explained
y decreased vitamin D metabolism, because we could not
etect a correlation between bone-mineral density and
5-hydroxyvitamin D levels. Oxcarbazepine probably ex-
rts an effect on osteoblast-osteoclast interactions, rather
han an effect on serum 25-hydroxyvitamin D levels.
his hypothesis should be confirmed in further histo-

ogic studies [4].
Although our results indicate that oxcarbazepine does

ot exert a significant effect on bone metabolism in
hildren, we detected osteopenia in 3 patients (with
retreatment z scores less than �1.5) at month 18. Con-
idering the results of Tekgül et al. [5] (patients with a z
core of less than �1.5 before treatment were prone to
eveloping osteopenia during antiepileptic drug mono-

herapy) and the fact that these drugs are used for long

269Cansu et al: Bone Turnover and Oxcarbazepine
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eriods, it is apparent that such patients should be fol-
owed carefully.

Although several mechanisms were proposed, the exact
echanism of antiepileptic drug-induced osteopenia re-
ains unclear [5]. It was reported that other mechanisms
ight exist by which antiepileptic drugs lead to changes in

one composition other than liver-enzyme induction, in-
luding effects on bone cells [40], intestinal calcium
bsorption [41], increased urinary loss of calcium [3],
nhibition of the cellular response to parathyroid horm-
ne [7], hyperparathyroidism [7,40], and calcitonin defi-
iency [7]. Although we did not find statistically
ignificant changes in calcium, alkaline phosphatase,
arathyroid hormone, and calcitonin levels; we observed
ecreased calcium levels, and increased alkaline phospha-
ase and parathyroid hormone levels, in pubertal cases.
owever, in this study, we could not clarify which
echanism predominated.
A limitation of our study involved the absence of a

ontrol group for ethical reasons. However, this limitation
ay be ignored, because baseline values were used as

ontrols within the design of the study. Moreover, we could
ot perform this study within a single season because of its
ongitudinal nature, but because the sun is quite strong in
urkey even in winter, we assumed that 25-hydroxyvitamin
measurements were not affected [31].
In conclusion, this study indicates that although some

hanges in bone metabolism ensue during 18-month ox-
arbazepine monotherapy, these changes do not cause
ignificant bone loss in children whose initial measure-
ents with regard to bone metabolism are normal before

reatment. However, patients with borderline osteopenia
efore therapy should be followed carefully, bearing in
ind that oxcarbazepine treatment can last longer than 18
onths, and these slight differences regarding bone loss

ould be important in these patients.
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