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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
الواجهѧة الكيميائيѧة الحياتيѧة للعظѧام لمرضѧى الصѧرع تحѧت عѧلاج الكاربѧامزبين والتѧي تشѧمل            لتقيѧيم  : أهѧداف البحѧث  

مستوى الكالسيوم الكلي والفسفور والأنزيم الفوسفاتي القاعدي في مصل الدم وآذلك دراسة العلاقة بين هѧذه الواجهѧة   
 .وعمر المرضى، الجرعة اليومية وفترة إعطاء الكاربامزبين

  .الحالات العلاجية مع الحالات الضابطةمقارنة  :التصميم



العيѧادة الخارجيѧة فѧي    / نفѧذت الدراسѧة فѧي مستشѧفى ابѧن سѧينا التعليمѧي        : مكان إجѧراء الدراسѧة والإطѧار الزمنѧي لهѧا     
  .٢٠٠٣ولغاية آذار  ٢٠٠٢ الأولالموصل، في الفترة من تشرين 

مѧѧن الأفѧѧراد   ٧٦الكاربѧѧامزبين و  ت عѧѧلاجحѧѧسѧѧتة وسѧѧبعون مريضѧѧاً مصѧѧاباً بالصѧѧرع وت   : المشѧѧارآون فѧѧي البحѧѧث  
  .الأصحاء ظاهرياً آمجموعة سيطرة

تمت مقارنة مستوى الكالسيوم الكلي والفسفور والأنزيم الفوسفاتي القاعدي في مصل الدم فѧي  : القياسات المستخدمة
، Zختبѧار  المرضى المصابين بالصرع وتحت علاج الكابربامزبين مع القيم المناظرة لمجموعة السѧيطرة باسѧتعمال ا  

أمѧѧا العلاقѧѧة بѧѧين مسѧѧتوى الكالسѧѧيوم الكلѧѧي والفسѧѧفور والأنѧѧزيم الفوسѧѧفاتي القاعѧѧدي فѧѧي مصѧѧل الѧѧدم مѧѧع عمѧѧر هѧѧؤلاء      
  .معامل الارتباط درست باستعمالاربامزبين، فقد الك المرضى، الجرعة العلاجية، أو الفترة الزمنية لاستعمال

، بينمѧا  )٠.٠٠١<ب(تحت علاج الكاربامزبين اقل معنويѧاً   آان مستوى الكالسيوم الكلي في مرضى الصرع: النتائج
مقارنѧة بمجموعѧة الضѧبط فѧي نفѧس الوقѧت آѧان        ) ٠.٠٠١<ب(آانت فعاليѧة انѧزيم الفوسѧفاتيز القاعѧدي أعلѧى معنويѧاً       

مقارنѧة بمجموعѧة الضѧبط بѧالرغم مѧن      ) ٠.٠٥<ب(مستوى الفسفور في مصل الدم في أولئك المرضى أعلѧى معنويѧاً   
ولم يكن هناك ارتباط بين عمر المرضى في هѧذه الدراسѧة ومسѧتوى    . فسفور آان في مدى الحد الطبيعيإن مستوى ال

آѧذلك لѧم يكѧن هنѧاك ارتبѧاط بѧين الجرعѧة        . انزيم الفوسفاتيز القاعدي في مصل الدم وفعالية الكالسيوم الكلي والفسفور
ناحية أخرى آان هناك ارتباط معنѧوي بѧين فتѧرة     ومن. الدوائية اليومية للكاربامزبين لهؤلاء المرضى وهذه القياسات

وفعاليѧة أنѧزيم الفوسѧفاتيز القاعѧدي     ) ٠.٣٠٣=ر(استعمال عقѧار الكاربѧامزبين لهѧؤلاء المرضѧى ومسѧتوى الكالسѧيوم       
  ).٠.٣=ر(

تشجع هذه الدراسة علѧى اسѧتعمال الكاربѧامزبين آعѧلاج أحѧادي للصѧرع وذلѧك لعѧدم وجѧود دليѧل علѧى مѧا             : الاستنتاج
آذلك توصي هذه الدراسة على إجراء الاختبار الدوري لواجهة العظѧام  . رض لين العظام لمضادات الصرع يسمى م

  . 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 phenobar-
bitone 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 "Anti-
convulsant 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, ٢٥- 
hydroxy- cholecalciferol, elevated 
alkaline phosphatase activity as well as 
severe derangements in mineral meta-
bolism. 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 carba-
mazepine, but Hoikka et al.(I٤) found that 
epileptic outpatients received carba-
mazepine 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 Ibn-
Seena 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 ٤٧-١٦ years (mean ±SD, 
٩.٤±٣٠.٥ years) and ٤٥-١٦ years (mean 
±SD, ٩.٨±٣١.٣ years) respectively. The 
duration of treatment was between ٣٠-٠.٥ 
years (mean ±SD, ٨.١±٨.٩ years) with 
daily dose range between ١٢٠٠-٢٠٠ 
mg/day (mean ±SD, ١٩٨±٥٣٤ 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 
٥٠-١٦ years (mean ±SD, ٤.٣±٣١.٨) for 
male and the ages ranged for females 
between ٥٠-١٧ years (mean ±SD, 

٩.٥±٢٩.٥). 
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). Correla-
tion 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 betw-
een the duration of carbamazepine 
treatment and the activity of serum 

alkaline phosphatase (P<٠.٠١). 
No significant correlation was found 
between the ages of carbamazepine-
treated 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) ٠.١٨٨±٢.٢٣ ٠.١٩٥±٢.٣٦ P<٠.٠٠١ 
Phosphorus (mmol/L) ٠.٢٥±١.٢١ ٠.١٤±١.١٦ P<٠.٠٥ 

Alkaline phosphatase (u/L) ٣٩.٣٠±٩٢.٣٠ ١٦.٦±٦٤.٣ P<٠.٠١ 
Albumin (g/L) ٤.٤٨±٤١.٤٧ ٣.٦١±٤١.٧٥ NS 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
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.  
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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, hypocalcae-
mia and elevated alkaline phosphatase 
activity were reported in epileptic 
patients treated with phenytoin, phenol-
barbital 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 carbama-
zepine-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 resu-
lted in a significant reduction in serum 
level of ٢٥ - hydroxycholecalciferol. 
Therefore, reduced availability of ٢٥-
hydroxycholecalciferol 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 carbama-
zepine whether mono or combined 
therapy. However, Shriraam et al.(٢٩) 
found that phosphorus level was 
reduced during treatment with phen-
ytoin, phenobarbital and carbama-

zepine 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 carbama-
zepine as monotherapy or as polyth-
erapy 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 carbamazepine-
treated patients and serum total calcium, 
phosphorus levels and alkaline phosph-
atase activity. These results might be 
related to the middle age of these groups 
(mean ± SD, ٩.٥±٣٠.٥ 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    "Anticon-

vulsant 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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