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Abstract
Objectives: To assess the biochemical bone profile in epileptic patients treated
with carbamazepine monotherapy which include serum total calcium, phosphorus
levels and alkaline phosphatase activity, and to investigate the relationship between
these parameters with the age of the patients, daily dose of the drug and the duration of
treatment.
Design: Case-control study.
Setting: The study was carried out in the Outpatient department of Ibin-Seena Hospital
in Mosul, during the period from October ٢٠٠٢ to March ٢٠٠٣.
Participants: Seventy six epileptic patients on carbamazepine therapy and ٧٦
apparently healthy subjects as a control group.
Main outcomes measures: Serum total calcium, phosphorus levels and alkaline
phosphatase activity in epileptic patients treated with carbamazepine were compared
with their corresponding values in the control group by using "Z" test. The relationship
between serum total calcium, phosphorus levels and alkaline phosphatase activity, with
the age of the epileptic patients, daily dose or duration of treatment of carbamazepine,
were also studied by using correlation coefficient.
Results: In epileptic patients treated with carbamazepine, serum total calcium was
significantly lower (P<٠.٠٠١) than the control group, while serum alkaline phosphatase
activity was significantly higher (P<٠.٠٠١) than the controls. At the same time, serum
phosrus level was significantly higher (P<٠.٠٥) in those patients than the controls,
although still within the normal range.
No correlation was found between the ages of the epileptic patients treated with
carbamazepine and their serum total calcium, phosphorus levels and alkaline
phosphatase activity. Furthermore, no correlation was found between the daily dose of
carbamazepine for those epileptic patients and their biochemical bone profile. However,
significant correlation was noticed between the duration of treatment of
carbamazepine and serum calcium level (r=-٠.٣٠٣) and alkaline phosphatase activity
(r=٠.٣).
Conclusion: This study encourage the use of carbamazepine for epilepsy as a sole
therapy as no evidence of Anticonvulsant Osteomalacia . In addition, periodic
biochemical checks for bone profile are indicated for epileptic patients.

اﻟﺨﻼﺻـــﺔ
 ﻟﺘﻘﻴ ﻴﻢ اﻟﻮاﺟﻬ ﺔ اﻟﻜﻴﻤﻴﺎﺋﻴ ﺔ اﻟﺤﻴﺎﺗﻴ ﺔ ﻟﻠﻌﻈ ﺎم ﻟﻤﺮﺿ ﻰ اﻟﺼ ﺮع ﺗﺤ ﺖ ﻋ ﻼج اﻟﻜﺎرﺑ ﺎﻣﺰﺑﻴﻦ واﻟﺘ ﻲ ﺗﺸ ﻤﻞ:أه ﺪاف اﻟﺒﺤ ﺚ
ﻣﺴﺘﻮى اﻟﻜﺎﻟﺴﻴﻮم اﻟﻜﻠﻲ واﻟﻔﺴﻔﻮر واﻷﻧﺰﻳﻢ اﻟﻔﻮﺳﻔﺎﺗﻲ اﻟﻘﺎﻋﺪي ﻓﻲ ﻣﺼﻞ اﻟﺪم وآﺬﻟﻚ دراﺳﺔ اﻟﻌﻼﻗﺔ ﺑﻴﻦ ه ﺬﻩ اﻟﻮاﺟﻬ ﺔ
. اﻟﺠﺮﻋﺔ اﻟﻴﻮﻣﻴﺔ وﻓﺘﺮة إﻋﻄﺎء اﻟﻜﺎرﺑﺎﻣﺰﺑﻴﻦ،وﻋﻤﺮ اﻟﻤﺮﺿﻰ
. ﻣﻘﺎرﻧﺔ اﻟﺤﺎﻻت اﻟﻌﻼﺟﻴﺔ ﻣﻊ اﻟﺤﺎﻻت اﻟﻀﺎﺑﻄﺔ:اﻟﺘﺼﻤﻴﻢ

 اﻟﻌﻴ ﺎدة اﻟﺨﺎرﺟﻴ ﺔ ﻓ ﻲ/  ﻧﻔ ﺬت اﻟﺪراﺳ ﺔ ﻓ ﻲ ﻣﺴﺘﺸ ﻔﻰ اﺑ ﻦ ﺳ ﻴﻨﺎ اﻟﺘﻌﻠﻴﻤ ﻲ:ﻣﻜﺎن إﺟ ﺮاء اﻟﺪراﺳ ﺔ واﻹﻃ ﺎر اﻟﺰﻣﻨ ﻲ ﻟﻬ ﺎ
.٢٠٠٣  وﻟﻐﺎﻳﺔ ﺁذار٢٠٠٢  ﻓﻲ اﻟﻔﺘﺮة ﻣﻦ ﺗﺸﺮﻳﻦ اﻷول،اﻟﻤﻮﺻﻞ
 ﻣ ﻦ اﻷﻓ ﺮاد٧٦  ﺳ ﺘﺔ وﺳ ﺒﻌﻮن ﻣﺮﻳﻀ ًﺎ ﻣﺼ ﺎﺑ ًﺎ ﺑﺎﻟﺼ ﺮع وﺗﺤ ﺖ ﻋ ﻼج اﻟﻜﺎرﺑ ﺎﻣﺰﺑﻴﻦ و:اﻟﻤﺸ ﺎرآﻮن ﻓ ﻲ اﻟﺒﺤ ﺚ
.اﻷﺻﺤﺎء ﻇﺎهﺮﻳًﺎ آﻤﺠﻤﻮﻋﺔ ﺳﻴﻄﺮة
 ﺗﻤﺖ ﻣﻘﺎرﻧﺔ ﻣﺴﺘﻮى اﻟﻜﺎﻟﺴﻴﻮم اﻟﻜﻠﻲ واﻟﻔﺴﻔﻮر واﻷﻧﺰﻳﻢ اﻟﻔﻮﺳﻔﺎﺗﻲ اﻟﻘﺎﻋﺪي ﻓﻲ ﻣﺼﻞ اﻟﺪم ﻓ ﻲ:اﻟﻘﻴﺎﺳﺎت اﻟﻤﺴﺘﺨﺪﻣﺔ
،Z اﻟﻤﺮﺿﻰ اﻟﻤﺼﺎﺑﻴﻦ ﺑﺎﻟﺼﺮع وﺗﺤﺖ ﻋﻼج اﻟﻜﺎﺑﺮﺑﺎﻣﺰﺑﻴﻦ ﻣﻊ اﻟﻘﻴﻢ اﻟﻤﻨﺎﻇﺮة ﻟﻤﺠﻤﻮﻋﺔ اﻟﺴ ﻴﻄﺮة ﺑﺎﺳ ﺘﻌﻤﺎل اﺧﺘﺒ ﺎر
أﻣ ﺎ اﻟﻌﻼﻗ ﺔ ﺑ ﻴﻦ ﻣﺴ ﺘﻮى اﻟﻜﺎﻟﺴ ﻴﻮم اﻟﻜﻠ ﻲ واﻟﻔﺴ ﻔﻮر واﻷﻧ ﺰﻳﻢ اﻟﻔﻮﺳ ﻔﺎﺗﻲ اﻟﻘﺎﻋ ﺪي ﻓ ﻲ ﻣﺼ ﻞ اﻟ ﺪم ﻣ ﻊ ﻋﻤ ﺮ ه ﺆﻻء
. ﻓﻘﺪ درﺳﺖ ﺑﺎﺳﺘﻌﻤﺎل ﻣﻌﺎﻣﻞ اﻻرﺗﺒﺎط، أو اﻟﻔﺘﺮة اﻟﺰﻣﻨﻴﺔ ﻻﺳﺘﻌﻤﺎل اﻟﻜﺎرﺑﺎﻣﺰﺑﻴﻦ، اﻟﺠﺮﻋﺔ اﻟﻌﻼﺟﻴﺔ،اﻟﻤﺮﺿﻰ
 ﺑﻴﻨﻤ ﺎ،(٠.٠٠١> آﺎن ﻣﺴﺘﻮى اﻟﻜﺎﻟﺴﻴﻮم اﻟﻜﻠﻲ ﻓﻲ ﻣﺮﺿﻰ اﻟﺼﺮع ﺗﺤﺖ ﻋﻼج اﻟﻜﺎرﺑﺎﻣﺰﺑﻴﻦ اﻗﻞ ﻣﻌﻨﻮﻳ ًﺎ )ب:اﻟﻨﺘﺎﺋﺞ
( ﻣﻘﺎرﻧ ﺔ ﺑﻤﺠﻤﻮﻋ ﺔ اﻟﻀ ﺒﻂ ﻓ ﻲ ﻧﻔ ﺲ اﻟﻮﻗ ﺖ آ ﺎن٠.٠٠١>آﺎﻧﺖ ﻓﻌﺎﻟﻴ ﺔ اﻧ ﺰﻳﻢ اﻟﻔﻮﺳ ﻔﺎﺗﻴﺰ اﻟﻘﺎﻋ ﺪي أﻋﻠ ﻰ ﻣﻌﻨﻮﻳ ًﺎ )ب
( ﻣﻘﺎرﻧ ﺔ ﺑﻤﺠﻤﻮﻋ ﺔ اﻟﻀ ﺒﻂ ﺑ ﺎﻟﺮﻏﻢ ﻣ ﻦ٠.٠٥>ﻣﺴﺘﻮى اﻟﻔﺴﻔﻮر ﻓﻲ ﻣﺼﻞ اﻟﺪم ﻓﻲ أوﻟﺌﻚ اﻟﻤﺮﺿﻰ أﻋﻠ ﻰ ﻣﻌﻨﻮﻳ ًﺎ )ب
 وﻟﻢ ﻳﻜﻦ هﻨﺎك ارﺗﺒﺎط ﺑﻴﻦ ﻋﻤﺮ اﻟﻤﺮﺿﻰ ﻓﻲ ه ﺬﻩ اﻟﺪراﺳ ﺔ وﻣﺴ ﺘﻮى.إن ﻣﺴﺘﻮى اﻟﻔﺴﻔﻮر آﺎن ﻓﻲ ﻣﺪى اﻟﺤﺪ اﻟﻄﺒﻴﻌﻲ
 آ ﺬﻟﻚ ﻟ ﻢ ﻳﻜ ﻦ هﻨ ﺎك ارﺗﺒ ﺎط ﺑ ﻴﻦ اﻟﺠﺮﻋ ﺔ.اﻟﻜﺎﻟﺴﻴﻮم اﻟﻜﻠﻲ واﻟﻔﺴﻔﻮر وﻓﻌﺎﻟﻴﺔ اﻧﺰﻳﻢ اﻟﻔﻮﺳﻔﺎﺗﻴﺰ اﻟﻘﺎﻋﺪي ﻓﻲ ﻣﺼﻞ اﻟﺪم
 وﻣﻦ ﻧﺎﺣﻴﺔ أﺧﺮى آﺎن هﻨﺎك ارﺗﺒﺎط ﻣﻌﻨ ﻮي ﺑ ﻴﻦ ﻓﺘ ﺮة.اﻟﺪواﺋﻴﺔ اﻟﻴﻮﻣﻴﺔ ﻟﻠﻜﺎرﺑﺎﻣﺰﺑﻴﻦ ﻟﻬﺆﻻء اﻟﻤﺮﺿﻰ وهﺬﻩ اﻟﻘﻴﺎﺳﺎت
( وﻓﻌﺎﻟﻴ ﺔ أﻧ ﺰﻳﻢ اﻟﻔﻮﺳ ﻔﺎﺗﻴﺰ اﻟﻘﺎﻋ ﺪي٠.٣٠٣=اﺳﺘﻌﻤﺎل ﻋﻘ ﺎر اﻟﻜﺎرﺑ ﺎﻣﺰﺑﻴﻦ ﻟﻬ ﺆﻻء اﻟﻤﺮﺿ ﻰ وﻣﺴ ﺘﻮى اﻟﻜﺎﻟﺴ ﻴﻮم )ر
.(٠.٣=)ر
 ﺗﺸﺠﻊ هﺬﻩ اﻟﺪراﺳﺔ ﻋﻠ ﻰ اﺳ ﺘﻌﻤﺎل اﻟﻜﺎرﺑ ﺎﻣﺰﺑﻴﻦ آﻌ ﻼج أﺣ ﺎدي ﻟﻠﺼ ﺮع وذﻟ ﻚ ﻟﻌ ﺪم وﺟ ﻮد دﻟﻴ ﻞ ﻋﻠ ﻰ ﻣ ﺎ:اﻻﺳﺘﻨﺘﺎج
 آﺬﻟﻚ ﺗﻮﺻﻲ هﺬﻩ اﻟﺪراﺳﺔ ﻋﻠﻰ إﺟﺮاء اﻻﺧﺘﺒﺎر اﻟﺪوري ﻟﻮاﺟﻬﺔ اﻟﻌﻈ ﺎم. ﻳﺴﻤﻰ ﻣﺮض ﻟﻴﻦ اﻟﻌﻈﺎم ﻟﻤﻀﺎدات اﻟﺼﺮع
.ﻟﻤﺮﺿﻰ اﻟﺼﺮع ﺗﺤﺖ ﻋﻼج اﻟﻜﺎرﺑﺎﻣﺰﺑﻴﻦ

Introduction
arbamazepine is the drug of
choice for partial seizures and
generalized tonic-clonic seizures(١) and it
is effective in the treatment of trigeminal
neuralgia(٢).
Adverse effects occur in approximately
one-third of the treated patients with
carbamazepine and are more frequent in
patients on polytherapy(٣).
Bone disease has been associated with
anticonvulsant drugs for more than ٣٠
years(٤). Furthermore, early investigators
were mainly concerned about the
potential of these drugs, mostly,
phenytoin, primidone and phenobarbitone to induce bone disease(٥).
However, in recent years, the focus have
shifted to the question of whether the
other
anticonvulsant
drugs
like
carbamazepine and valproic acid would
affect bone and mineral metabolism(٦).
As a result, the term "Anticonvulsant
Osteomalacia" has been coined to
characterize
the
constellation
of
anticonvulsant drug-induced mineral
disorders(٧).
Previous studies showed that "Anticonvulsant Osteomalacia" was related to
the dose and duration of therapy(٨). Hahn
et al.(٩) found that the larger daily doses
of the received drug and the multiple

drug regimens, produced more reduction
in serum total calcium level, ٢٥hydroxycholecalciferol,
elevated
alkaline phosphatase activity as well as
severe derangements in mineral metabolism. Furthermore, incidence of these
abnormalities increased with the
duration of therapy(١٠). In addition to
that, various antiepileptic drugs differed
in their ability to produce disorder in
mineral metabolism(١١). However, the
effect of carbamazepine on the
biochemical
bone
profile
was
contraversal(١٢). Tjellesen et al.(١٣) found
that monotherapy with carbamazepine
had no side effects on bone metabolism
and the reduction in serum total calcium
level and the elevation in alkaline
phosphatase activity were related to the
hepatic enzyme induction by carbamazepine, but Hoikka et al.(I٤) found that
epileptic outpatients received carbamazepine therapy had vitamin D
deficiency and osteomalacia.
This study was done to investigate the
effect
of
long-term
use
of
carbamazepine monotherapy in epileptic
patients on serum calcium, phosphorus
levels and alkaline phosphatase activity.
Furthermore, the correlations of these
biochemical parameters with sex, age of

the patients, dialy dose and the duration
of therapy were-studied.

Patients And Methods
The study was carried out in the
Neurology Outpatient Department at IbnSeena Hospital in Mosul, from October
٢٠٠٢ to
March ٢٠٠٣. This
study
included ٧٦ active ambulatory epileptic
patients. They received carbamazepine
monotherapy for at least ٦ months.
Patients taking any medication in addition
to carbamazepine were excluded from this
study. The selected patients comprised ٥٠
males and ٢٦ females, their ages ranged
between ١٦-٤٧ years (mean ±SD,
٣٠.٥±٩.٤ years) and ١٦-٤٥ years (mean
±SD, ٣١.٣±٩.٨ years) respectively. The
duration of treatment was between ٠.٥-٣٠
years (mean ±SD, ٨.٩±٨.١ years) with
daily dose range between ٢٠٠-١٢٠٠
mg/day (mean ±SD, ٥٣٤±١٩٨ mg/day).
Radiological examination for x-ray were
taken for most of the patients of pelvis for
any osteomalacic changes.
Control subjects were apparently healthy
with any medication. This group
comprised ٧٦ subjects, divided into ٤١
males and ٣٥ females. Their ages matched
with the patient group and ranged between
١٦-٥٠ years (mean ±SD, ٣١.٨±٤.٣) for
male and the ages ranged for females
between ١٧-٥٠ years (mean ±SD,
٢٩.٥±٩.٥).
Blood samples were taken from each
subject and analysed for serum total
calcium, inorganic phosphorus, alkaline
phosphatase activity and albumin. Serum
calcium was measured by methylthymol
blue as indicator(١٥). Phosphorus was
measured by using phosphomolybdate
reaction(١٦). Alkaline phosphatase activity
was estimated according to the method of
kind and king(١٧), while albumin was
determined by bromocresol green(١٨). The
kits for determination of calcium,
phosphorus and alkaline phosphatase were
obtained from bio Merieux (France),
while albumin kit was obtained from
Randox (UK).
Corrected calcium was used in this
study, since any change in serum albumin
would affect the measurement of calcium.

The corrected calcium was calculated by
using
the
following
equation(١٩):
Corrected calcium (mmol/l)=measured
calcium + ٠.٠٢ (٤٠- albumin in g/l)
Z-test was used to compare the
difference between the treated patients
with carbamazepine and the control group
for serum total calcium, phosphorus and
alkaline phosphatase activity(٢٠). Correlation coefficient was used to determine the
relationship between these parameters and
age, daily dose and duration of therapy(٢٠).

Results
In the epileptic patients treated with
carbamazepine, mean serum total calcium
was significantly decreased (P<٠.٠٠١)
though did not reach hypocalcaemia,
while serum alkaline phosphatase activity
was significantly increased (P<٠.٠١) in
comparison with the controls, as shown in
Table l. Furthermore, values of measured
calcium were not significantly different
from corrected calcium values in both the
control group and carbamazepine treated
patients.
Firgure ١. showed a significant negative
correlation between the duration of taking
carbamazepine in epileptic patients and
the reduction in serum total calcium level
(P<٠.٠١). At the same time, no correlation
was found between the duration of
treatment and serum phosphorus level.
However, a significant correlation between the duration of carbamazepine
treatment and the activity of serum
alkaline phosphatase (P<٠.٠١).
No significant correlation was found
between the ages of carbamazepinetreated patients and serum total calcium,
phosphorus
levels
and
alkaline
phosphatase
activity.
Furthermore,
nonsignificant correlation was found
between the daily dose of carbamazepine
and serum total calcium, phosphorus
levels and alkaline phosphatase activity.
None of the epileptic patients treated with
carbamazepine had fracture. In addition,
the radiological examinations were
normal.

Table (١): Biochemical bone profile in both the control group and carbamazepine
treated epileptic patients represented by mean±SD.
Parameters
Controls (n=٧٦)
Patients (n=٧٦)
P value
Calcium (mmol/L)
٢.٣٦±٠.١٩٥
٢.٢٣±٠.١٨٨
P<٠.٠٠١
Phosphorus (mmol/L)
١.١٦±٠.١٤
١.٢١±٠.٢٥
P<٠.٠٥
Alkaline phosphatase (u/L)
٦٤.٣±١٦.٦
٩٢.٣٠±٣٩.٣٠
P<٠.٠١
Albumin (g/L)
٤١.٧٥±٣.٦١
٤١.٤٧±٤.٤٨
NS

Calcium(mmol/l)

Y = 2.33245 - 6.89E-03X
r = -0.303 (sig.)*
2.7

observed value

2.6

predicted value

2.5
2.4
2.3
2.2
2.1
2.0
1.9
0

10

20

30

Duration(years)
Y = 1.21868 - 8.86E-04X
r = -0.030(not sig.)

Phosphorus (mmol/l)

2.0

observed value
predicted value

1.5

1.0

0

10

20

30

Duration (years)
Y = 79.1828 + 1.45650X
r = 0.306 (sig.)*

Alkaline phosphatase(u/l)

220

observed value
predicted value

120
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Duration (years)

Figure (١): The relationship between the duration of treatment of the carbamazepine in
epileptic patients and the measurements of serum total calcium, phosphorus levels and
alkaline phosphatase activity, *P<٠.٠١.

Discussion
In the present study, serum total
calcium level was lower significantly,
while serum alkaline phosphatase
activity was higher significantly in the
carbamazepine treated patients as
compared with the control group. These
results were in agreement with other
studies(٢١,٢٢). Furthermore, hypocalcaemia and elevated alkaline phosphatase
activity were reported in epileptic
patients treated with phenytoin, phenolbarbital and primidone(ll,٢٢). However,
Golden et al.(٢٣) and Shah et al(٢٤) found
that no significance in serum total
calcium level was noticed in carbamazepine-treated patients as compared
with the control group.
The exact cause of the reduction in
serum total calcium level is still unclear.
Pack(٢٥) found that chronic therapy with
phenytoin and / or phenobarbital resulted in a significant reduction in serum
level of ٢٥ - hydroxycholecalciferol.
Therefore, reduced availability of ٢٥hydroxycholecalciferol would cause a
deficiency of the active metabolites
١,٢٥-dihydroxycholecalciferol and ٢٤,
٢٥- dihydroxycholecalciferol, which
play an important role in the bone
formation and in the maintenance of
normal calcium homeostasis, leading to
hypocalcaemia and osteomalacia(٧).
In the present study, the alkaline
phosphatase activity was significantly
higher in the carbamazepine-treated
patients than the control. Richens and
Rowe(ll) found that an increase of both
liver and bone isoenzymes accounted
for the higher total serum activity;
however, the hepatic fraction was
predominant. These observations were
confirmed by Gough et al.(٢٦) who
found that serum alkaline phosphatase
activity rose in phenytoin, phenobarbital
and carbamazepine but not in case of
sodium valproate therapy. On the other
hand, Okesina et al.(٢٧) noticed that the
elevated alkaline phosphatase activity in
patients
receiving
carbamazepine

monotherapy was mainly from bone
rather than from liver origin.
In this study, serum phosphorus level
was significantly higher in the
carbamazepine-treated
patients
as
compared with the control group, but
still within the normal reference range.
Taghi et al.(٢٨ reported that phosphorus
level was unaffected by treatment with
phenytoin, phenobarbital and carbamazepine whether mono or combined
therapy. However, Shriraam et al.(٢٩)
found that phosphorus level was
reduced during treatment with phenytoin, phenobarbital and carbamazepine together as combined therapy.
These results showed a significant
correlation between the duration of
treatment with carbamazepine and
serum total calcium level and alkaline
phsophatase activity. Tolman et al.(٣٠)
found that a significant correlation
between those parameters and long term
therapy with phenytoin and / or
phenobarbital. However, Mosekilde and
Melsen(٣١) demonstrated that no
significant correlation between the
duration of treatment with phenytoin,
phenobarbital, primidone and carbamazepine as monotherapy or as polytherapy in various combination, and the
changes in those biochemical bone
profile.
This study showed that no correlatin
was found between the ages of both the
control group and carbamazepinetreated patients and serum total calcium,
phosphorus levels and alkaline phosphatase activity. These results might be
related to the middle age of these groups
(mean ± SD, ٣٠.٥±٩.٥ years), since age
plays an important role in serum level of
vitamin D(٣٢).
No significant correlatin was found, in
this study, between the total daily dose
of carbamazepine and the biochemical
bone profile. These results were
probably due to the moderate doses of
carbamazepine. Other cause might be
related to the use of carbamazepine as a
sole antiepileptic drug. Christiansen et
al.(٣٣)
did not find a significant corr-

elation between the dose of phenytoin
monotherapy and serum total calcium,
phosphorus
levels and alkaline
phsophatase activity. On the other
hand, "Anticonvulsant Osteomalacia"
was related to the dose of phenytoin,
phenobarbital,
primidone
and
carbamazepine as polytherapy in
various combinations(١١,٣٠).
Several studies showed a radiological
evidence of osteomalacia in epileptic
patients being treated with phenytoin,
phenobarbital and carbamazepine in
various combinations(٣٠,٣٤). However,
in the present study, none of these
patients had fracture
and
the
radiological examination were normal
in addition the biochemical findings
were not compatible
with
the
biochemical changes of "Anticonvulsant Osteomalacia" .
In conclusion, this study encourage the
use of carbamazepine as a sole
antiepileptic drug as no evidence of
osteomalacia was reported. In addition,
periodic biochemical checks for
osteomalacia and radiograph for the
bone are indicated. Moreover, advising
the patients for the importance of dairy
in take, physical activity as well as
sunlight exposure is necessary to
prevent "Anticonvulsant Osteomalacia".
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