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Abnormalities in bone metabolism occurring in patients receiving chronic antiepileptic treatment have been
reported in many studies. However, longitudinal bone mineral density (BMD) changes in children taking anticon-
vulsants have not been previously reported, to our knowledge. The subjects were 48 outpatients (aged 6 to 16
years) who were given a diagnosis of epilepsy. All subjects were treated with one or a combination of anticonvul-
sants (VPA, CBZ, or PB). We investigated longitudinal changes in the BMD using the Digital Imaging Processing
(DIP) method and compared the BMD results with the duration of therapy and the chronological and bone age at
the start of therapy. In all subjects, the standard deviation score of the BMD per year (ABMD-SDS/year) de-
creased remarkably after 11 years of age, compared with before 11 years of age. A significant positive correlation
between the ABMD-SDS/year and the age at the start of therapy was observed in only one group treated with
multiple drugs and assessed according to chronological age. No positive correlations were seen in any of the
groups assessed according to bone age. Anticonvulsants therapy may reduce the rate of BMD increase, espe-
cially in adolescents who have been treated for long periods. Precise follow-up evaluations of the BMD are
needed not only according to chronological age, but also according to bone age, which indicates the biological

growth process much more accurately—especially before and during adolescence.
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Introduction

Abnormalities in bone metabolism occurring dur-
ing chronic antiepileptic treatment with anticonvul-
sants have been reported in many studies since the
initial report by Schmid et al, which was published
in 1967", and the correlation between the onset of
osteoporosis, characterized by a decrease in bone
mineral density (BMD), and treatment with anticon-
vulsants has been widely discussed? ™.

The BMD increases rapidly in a biphasic manner
in childhood, especially during adolescence. We re-
ported that the BMD as measured using the Digital
Image Processing Method (DIP method) increased
in a rapid biphasic pattern in both boys and girls
during and after adolescence, and the BMD was
more significantly correlated with the bone age,

represented as the bone maturation score as an in-
dex of physical growth, than with the chronological

" The bone age was determined

age in adolescents
using the standard Japanese bone maturation
scores.

We previously reported the results of BMD meas-
urements performed using the DIP method in 98
children receiving anticonvulsants and concluded
that when assessed according to the chronological
age, the BMD of children receiving a single anticon-
vulsant consisting of either valproate sodium (VPA),
carbamazepine (CBZ), or phenobarbital (PB) did not
differ significantly according to the medication pe-
riod (less than 4 years vs more than 4 years). How-
ever, a significant difference was observed for chil-
dren taking multiple drugs. When assessed accord-
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Table Chronological age, duration of therapy, and age at start of therapy in 4 groups according to

medication.
Sodium valproate Carbamazepine Phenobarbital .
(VPA) (CBA) B) Multiple drugs
Number 11 19 5 13
Chronological age (years) 86-154 6.8-16.3 7.3-15.1 9.6-15.9
(mean) (124+24) (115+31) 9.7+30) (13.0£1.7)
Duration of therapy (years) 14-12.3 1.8-84 29-109 45-10.6
(mean) (5.9+34) 4119 6.8+2.9) (74£19)
Age at start of therapy (years) 2.7-88 3.8-12.6 1543 3.0-80
(mean) 6.52.7) (74x22) (29+13) (5.6x1.7)

ing to the bone age, the BMD of children receiving
single or multiple anticonvulsants did not differ sig-
nificantly according to the medication period (less
than 4 years vs more than 4 years)”. These results
suggested that the bone age should be considered
when assessing the BMD in children, although a
study of the longitudinal changes in BMD in chil-
dren receiving long-term anticonvulsant therapy
had not yet been performed at that time.

In the present study, we used the DIP method to
assess the longitudinal changes in BMD in children
taking anticonvulsants and compared the results
according to both chronological age and bone age.
The present study may provide important informa-
tion, as longitudinal BMD changes in children tak-
ing anticonvulsants for long periods have not, to our
knowledge, been previously reported.

Material and Methods

The subjects of the investigation were 48 outpa-
tients, consisting of 32 boys (aged 6 to 16 years) and
16 girls (aged 7 to 15 years) who were given a diag-
nosis of epilepsy (including febrile convulsions, in
part), who regularly visited the Department of Pedi-
atrics, Tokyo Women's Medical University Medical
Center East. All the subjects had been taking anti-
convulsants for over one year (1.4-12.3 years) and
did not have any intellectual or motor disorders or
any diseases affecting bone metabolism. Their se-
rum drug concentrations were maintained at the
optimum dosage. Informed consent was obtained
from each patient’s guardian.

In our previous cross-sectional study, the effects
of various anticonvulsants on the BMD of 98 outpa-
tients with epilepsy were evaluated”. In the pre-
sent longitudinal study, 48 outpatients whose BMD

had been examined several times at an interval of
over 1 year before bone maturation had occurred
were recruited. The number of subjects in the pre-
sent study was approximately half of that in the for-
mer study mainly because of the longitudinal na-
ture of the present study.

All the subjects were taking one or a combination
of the following anticonvulsants: VPA, CBZ, and/or
PB. The chronological age, duration of therapy, and
age at the start of therapy of 4 groups determined
according to the type of medication prescribed are
listed in Table. The 4 groups consisted of 11 sub-
jects (5 boys and 6 girls) receiving VPA alone, 19
subjects (13 boys and 6 girls) receiving CBZ alone, 5
subjects (3 boys and 2 girls) receiving PB alone, and
13 subjects (11 boys and 2 girls) receiving multiple
anticonvulsants. In all the subjects, the drug levels
of the anticonvulsants in the blood did not exceed
the effective ranges, and good control of spasms
was maintained.

To assess the BMD, an aluminum scale was
placed on an X-ray film and an X-ray image of the
left hand was obtained under conditions of a dis-
tance of 100 cm or more and 50 kV. The metacarpal
X-ray images obtained using a television camera
with transmitted illumination were analyzed using
high-resolution image-processing equipment (Bone
Analyzer DIP-1000; Hamamatsu Photonics Inc., Ha-
mamatsu, Japan). For about 10% of the central part
of the 2nd metacarpal of the left hand, the bone con-
centration pattern was obtained in a width of 6-8
mm, or 30-40 lines, by measuring the picture lumi-
nance relative to the aluminum scale and equalized.
The obtained indices were the average bone den-
sity per bone width (AGS/D), which is equivalent to
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Fig. 1 Correlation between chronological age and bone age in each subject according to

medication type.

No remarkable delays or accelerations in bone age were observed among children re-

ceiving anticonvulsants.

the BMD, and the bone cortical width index per
bone width (MCI).

To assess the bone age, the bone maturation
scores for the radius-ulna-short bones (RUS) were
calculated using the Tanner-Whitehouse 2 meth-
ods™ and the same film that was used to measure
the BMD using the DIP method. The bone age was
determined based on the standard Japanese bone
maturation scores”.

In each subject, the SD (standard deviation)

scores for the chronological and bone ages were cal-

culated using the mean BMD according to sex and

age and the SD of the BMD according to sex and
age in Japanese children'’. The SD scores for the
chronological and bone ages were calculated by
subtracting the mean BMD according to sex and
age from each of the measured BMD values and
then dividing the result by the SD. The difference
in the SD score for the BMD at 2 periods during
treatment, the ASD score of the BMD per year
(ABMD-SDS/year), was calculated for each subject
and evaluated.

For the statistical analysis, the Spearman rank
correlation coefficient, simple linear regression, Wil-

coxon test, Mann-Whitney test, and Kruskal-Wallis
test were used. For all the statistical tests, signifi-
cance was defined as P<0.05.
Results

1. Correlation between chronological age and
bone age

The correlation between the chronological age
and the bone age in each subject was evaluated us-
Ing the latest data regarding the type of medication:
VPA, CBZ, PB, or multiple drugs. In all the groups,
statistically close correlations were recognized be-
tween the chronological age and the bone age.
These results indicated that no remarkable delay or
acceleration in bone age was noted among the chil-
dren receiving anticonvulsants.

2. Assessment of changes in BMD according to
chronological age

Fig. 2 shows the changes in the SD score for the
BMD of each subject according to chronological
age. In most patients, the SD scores for the BMD in
patients under 11 years of age were higher than
zero. In all the subjects, the SD score for the BMD
showed a downward tendency that was statistically
significant after 11 years of age, whereas the SD
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score for the BMD showed no significant changes

before 11 years of age.

SD score of BMD

Fig. 3 shows the changes in the SD score for the
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Fig. 2 Change in the SD score of the BMD in each
subject according to chronological age.
The black lines show patients treated with VPA
(n=11), the red lines show patients treated with
CBZ (n=19), the green lines show patients treated
with PB (n=5), and the blue lines show patients
treated with multiple drugs (n=13). In all subjects,
the change in the SD score of the BMD decreased
remarkable after 11 years of age, compared with be-
fore 11 years of age.
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BMD per year (ABMD-SDS/year) for each subject
according to chronological age. A significant nega-
tive correlation between the ABMD-SDS/year and
the duration of therapy (years) was observed in the
groups treated with VPA (y= —0.076x+0.172, r =
0.766, P<0.01), CBZ (y = —0.104x + 0550, r = 0.463,
P<0.05), or multiple drugs (y = —0.118x + 0534, r =
0.717, P<0.01). These results indicated that physi-
ological increases in the BMD were impaired in chil-
dren treated with anticonvulsants, compared with
normal children, in a manner that depended on the
duration of therapy. A significant positive correla-
tion between the ABMD-SDS/year and the age at
the start of therapy (years of age)was observed in
only the group treated with multiple drugs (y =
0.112x —0.960, r =0.615, P<0.05). These results sug-
gested that the rate of increase in the BMD tended
to become smaller when therapy was started at an
earlier age.

3. Assessment of changes in BMD according to
bone age

Fig. 4 shows the changes in the SD score for the
BMD for each subject according to the bone age. In
some subjects treated with anticonvulsants, the SD
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Fig. 3 Correlation between change in the SD score of the BMD per year (ABMD-SDS/
year) according to chronological age and the duration of therapy or the age at the start

of therapy.

A significant negative correlation between the ABMD-SDS/year and the duration of
therapy (years) was observed in 3 groups: those treated with VPA ([) (y= —0.076x +
0.172, r=0.766, P<0.01), those treated with CBZ (@) (v= —0.104x + 0550, r=0.463, P<
0.05), and those treated with multiple drugs (A) (y= —0118x +0.534, r=0.717, P<0.01).
A significant negative correlation was not seen in the group treated with PB (@). A
significant positive correlation between the ABMD-SDS/year and the age at the start
of therapy was found only in the group that was treated with multiple drugs (A) (y=

0.112x = 0.960, r =0.615, P<0.05).
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score for the BMD showed a downward tendency,
while an upward tendency was seen in other sub-
jects without any correlation with the bone age. We
compared two groups, subjects with a bone age of
less than 11 years and subjects with a bone age

SD score of BMD
o

Bone age (years)

Fig. 4 Change in the SD score of the BMD in each
subject according to bone age.
The black lines show the patients treated with
VPA (n=11), the red lines show the patients treated
with CBZ (n=19), the green lines show the patients
treated with PB (n=5), and the blue lines show
the patients treated with multiple drugs (n=13). In
some of the subjects, the change in the SD score of
the BMD showed a downward tendency, while an
upward tendency was seen in others without any
correlation with bone age.

equal to greater than 11 years. No significant corre-
lation was observed between these two groups.
Fig. 5 shows the ABMD-SDS/year for each subject
according to the bone age. A tendency toward a
negative correlation between the ABMD-SDS/year
and the duration of therapy (years) was only ob-
served in the group treated with PB (y = — 0.204x +
1.219, r=0.866, P<<(.1). No significant correlation be-
tween the ABMD-SDS/year and the age at the start
of therapy (years of age) was observed in any of the
groups.
Discussion

The present study is the first report, to our
knowledge, to use the DIP method to assess longitu-
dinal changes in the BMD in children taking anti-
convulsants and to compare the results according
to both chronological age and bone age.

Recently, dual-energy X-ray absorptiometry
(DXA method) has been used to measure the BMD
in the lumbar spine region, and this method has
been useful for the early diagnosis of osteoporosis'™.
However, the DXA method is not convenient for
use in children who are very young or who have
mental development delays, as it requires both a
lengthy time and anesthesia to perform. The corre-
lations between measurements obtained using each
method have been previously studied, and the use

ABMD-SDS/year

T

0 2 4 6 8

Duration of therapy (years)

ABMD-SDS/year
o

10 12 14

2
1
0’[3 2
D% e

'Daq QOQ
.AA.E. @

_]—

°
'2‘ T T T T 1 =T
G 2 4 6 8 10 12 14

Age at start of therapy (years)

Fig. 5 Correlation between the ABMD-SDS/year according to bone age and the duration

of therapy or the age at the start of therapy.

A negative but not significant correlation between the ABMD-SDS/year and the duration
of therapy (years) was observed only in the group treated with PB (@) (y= —0.204x +
1.219, r=0.866, P<0.1}, and not in the groups treated with VPA ([J), CBZ (9 ), or mul-
tiple drugs (A). No significant positive correlation between the ABMD-SDS/year and
the age at the start of therapy was observed in any of the groups.
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of the DIP method to measure the BMD of the
metacarpal bones has been confirmed to be espe-
cially useful because this measurement is easy to
perform and the results are also significantly corre-
lated with those obtained using the DXA method™.
Numerous studies have examined anticonvulsants
and bone metabolic disorders. In these studies, a de-
crease in the BMD was observed only in cortical
bone or was initially recognized in cortical bone™.
Consequently, the DIP method was used in the pre-
sent study.

Human bone structures consist of cancellous
bone and cortical bone. Cancellous bone is more
sensitive to pharmacologically induced reductions
in bone minerals, while cortical bone comprises
about 80% of human bone structures and its bone
mineral content accurately reflects calcium metabo-
lism in the whole body. Calcium metabolism is influ-
enced not only by food intake and absorption from
the digestive tract, but also by endocrinological
metabolic factors, such as vitamin D and parathy-
roid hormone, exposure to sunlight, exercise, and
physical activity. In the present study, the subjects
had neither intellectual disabilities nor physical
handicaps, which can otherwise affect bone metabo-
lism.

In normal children, the BMD is known to increase
rapidly in a biphasic manner during adolescence in
both boys and girls, with a growth spurt starting at
about 12 years of age in boys and 10 years of age in

Y The correlations between BMD and chrono-

girls
logical age and between BMD and bone age were
similar before adolescence, but during adolescence
the correlation between BMD and bone age was
stronger than that between BMD and chronological
age. Using the computed X-ray densitometry (CXD)
method, Sato et al. reported that both the average
bone density per unit bone width (AGS/D) and the
bone cortical width index (MCI) in the 2™ metacar-
pal bone of the left hand showed an upward ten-
dency until adulthood, and the AGS/D in particular
showed a significant increase at 14 years in girls
and at 16 years in boys"™. Osamura et al. reported
the whole body amounts of bone minerals in
healthy children using the DXA method and found

37

that the BMD of the whole body was strongly cor-
related with the chronological age in boys and girls
and increased in a linear manner". Matkovic et al.
reported that the BMD of the 24" lumbar verte-
brae and the distal one-third of the radial bone in-
creased linearly up to an age of 19 years™.

We tried to examine the longitudinal changes in
the BMD in individual subjects taking anticonvul-
sants and assessed the change in the SD score of
the BMD as the increasing rate for one year
(ABMD-SDS/year). We demonstrated that in all the
subjects, the SD score for the BMD showed a down-
ward tendency that was statistically significant af-
ter 11 years of age, while the SD score for the BMD
showed no significant change before 11 years of age
(Fig. 2). This result suggested that anticonvulsants
significantly suppress the rate of BMD increase
during adolescence. However, the numbers of sub-
jects examined both before and after 11 years of
age was limited, and further study may be needed.

When assessing the chronological age, a signifi-
cant negative correlation between the ABMD-SDS/
year and the duration of therapy was observed in
the groups receiving VPA monotherapy, CBZ
monotherapy, and multiple drugs (Fig. 3). This re-
sult suggested that longer medication periods of an-
ticonvulsants suppressed the rate of BMD increase,
compared with the rate in normal children. In addi-
tion, in subjects treated with multiple drugs, a sig-
nificant positive correlation between the ABMD-
SDS/year and the age at the start of therapy was
observed (Fig. 3). On the other hand, when assessed
for bone age, a negative but not significant correla-
tion between the ABMD-SDS/year and the duration
of therapy was observed only in children treated
with PB, and no significant positive correlation be-
tween the ABMD-SDS/year and the age at the start
of therapy was observed in any of the groups
(Fig. 5). These results suggest that anticonvulsants
may affect bone age. The longitudinal changes in
bone age in each treatment group were analyzed,
but the individual variations in the change in bone
age were remarkable and the subject number was
too small to assess the correlation between bone
age and the effects of anticonvulsants among the
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four treatment groups.

In terms of studying the effects of anticonvul-
sants on the BMD, Otsubo reported that the % MCI
value was lowest in a group that had been receiving
medication for three years, reaching a healthy
child’s level after five to six years and decreasing
remarkably after long-term administration®. Fur-
thermore, he reported that the most important fac-
tor affecting the BMD was the age at the start of
therapy. Osamura et al. reported that the BMD of
the whole body, as measured using the DXA
method, was higher in subjects receiving a single
anticonvulsant than in control subjects during the
early stages of treatment (before 34.2 months) but
subsequently decreased (after 34.2 months), sug-
gesting the possibility of a compensatory mecha-
nism in the body, although the exact mechanism
was unknown®. It should be noted that a study of
adult epilepsy patients showed no correlation be-
tween the age at the start of therapy and abnor-
malities in bone mineral levels, suggesting that the
effect of age at the start of therapy may be unique
to childhood®. In the present study, the difference
between the results for ABMD-SDS/year assessed
according to the chronological age and assessed ac-
cording to the bone age may be due to a delay or ac-
celeration of the bone age in each subject during
treatment with the anticonvulsants.

Different effects of different medicines, such as
PB, CBZ, and VPA, have also been reported.
Yamada used the CXD method to examine children
and reported that 11.9% of the subjects exhibited a
reduction in BMD, especially in children who were
over 10 years old, who were over 4 years old at the
start of treatment, who had received medication for
over 7 years, and who were receiving PB as an anti-
convulsant, suggesting the presence of different
bone reactivities to drugs depending on the age of
the subject®. Sheth et al. investigated the amount of
bone mineral in the 24" lumbar vertebrae and the
distal one-third of the radial bone using the DXA
method in 26 children (6-20 years old) with idi-
opathic epilepsy who were treated with CBZ or
VPA monotherapy and in 27 healthy children. Al-
though the healthy control subjects showed a linear

increase in both regions, the children treated with
CBZ showed a reduction of 5% or less in the
amount of bone mineral. On the other hand, chil-
dren treated with VPA showed significant reduc-
tions of 14% of the amount of bone mineral at the
24" lumbar vertebrae and 10% at the distal one-
third of the radial bone (P =0.003)”. Chung et al.
measured the BMD using the DXA method for 2 to
15-year-old children and reported that the BMD of
the rib and the backbone decreased in children re-
ceiving PB or PHT for 24 months or more, com-
pared with the values in a normal control group®.

Our results suggest that anticonvulsants therapy
may induce a reduction in the rate of BMD increase,
especially during adolescence, in subjects receiving
medication for long time periods. However, conven-
tional evaluations based only on chronological age
may result in an overestimation of the effects of an-
ticonvulsants on the BMD, considering that the
BMD of normal children is similarly correlated with
chronological age and with bone age before adoles-
cence but is strongly correlated with bone age but
not with chronological age during adolescence. If
the maximum BMD remains at a low value during
the growth phase in childhood, the subject may de-
velop osteoporosis at an early stage in the future,
and close attention may be required when medical
treatment with anticonvulsants is continued in
these subjects. For subjects who exhibit a reduc-
tion in BMD, especially before or during adoles-
cence, a precise follow-up of the BMD is needed not
only according to the chronological age, but also ac-
cording to the bone age, which indicates the biologi-
cal growth process in individual subjects much
more accurately.

Conclusion

Anticonvulsants therapy may reduce the rate of
BMD increase, especially during adolescence, in pa-
tients who receive medication for long time periods.
A precise follow-up of the BMD is needed not only
according to the chronological age, but also accord-
ing to the bone age, which reflects the biological
growth process much more accurately, especially
during adolescence.
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