
American-Eurasian Journal of Toxicological Sciences 7 (4): 256-260, 2015
ISSN 2079-2050
© IDOSI Publications, 2015
DOI: 10.5829/idosi.aejts.2015.7.4.9693

Corresponding Author: Moetazza Mostafa Alshafei. Department of Nutrition and Food Science, National Research Center,
postal code: 12622, Giza, Egypt.  E-mail: Moetazza1_alshafei@yahoo.com.

256

Serum Vitamin D and Carboxy-Terminal Telopeptide Type I Collagen Levels:
As Markers for Bone Health Affection in Patients Treated

with Different Antiepileptic Drugs

Moetazza M. ALshafei, Hala M. Abdelkarim, Eitedal M. Daoud and Hassan Z.Hassuna1 1 2 1

Department of Nutrition and Food Science, National Research Center, Giza, Egypt1

Complementary Medicine Department, National Research Center, Giza, Egypt2

Abstract: Epilepsy is a common neurological disorder affecting all age groups. It is one of the world's most
prevalent non-communicable diseases. Increased evidence suggesting that long term usage of anti epileptic
drugs can have adverse effects on bone mineralization and bone molding. Aiming to study these effects and
to give guide lines to support bone health through early intervention. From Neurology Out-Patient Clinic kaser
Elaini University Hospital, 60 Patients were enrolled, 40 patients on antiepileptic drugs for at least two years
and 20 controls matched with age and sex,epileptic but before starting treatment both chosen under specific
criteria. Patients were divided into four groups, three groups with monotherapy treated with either Phynetoin,
Valporic acid or Carbamazipine and fourth group treated with bothValporic acid and Carbamazipine. Estimation
of serum Carboxy-Terminal Telopeptide of Type I- Collagen(ICTP) bone resorption marker, serum 25(OH)
vitamin D, calcium, magnesium and phosphorus were done. Results showed that all patients on AED had
significant low levels of 25(OH) vit D (p<0.001), with significant elevation of ICTP (P<0.05) versus controls. In
group treated with Phynetoin highly significant elevation of (ICTP) marker and decrease of both serum 25 (OH)
vitamin D (P<0, 0001) and serum calcium (P<0.05) versus control. Double drug group showed significant
decrease of serum 25(OH) vitamin D (P<0.0001) and decrease in Phosphorus (P<0.05) versus controls. Serum
magnesium showed no significant differences between studied groups. We concluded that Anti- epileptic
drugs appears to be an aggravating factor on bone mineralization, so therapeutically it can be worth wile to
supplement calcium and vitamin D even before initiation of antiepileptic therapy. ICTP marker can be used to
evaluate change in bone resorption before and during AED therapy.
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INTRODUCTION Osteoporosis is characterized by low  bone  mineral

Epilepsy is a neurologic disorder associated with biomechanical properties that are required to maintain
many established co morbidities, one of which is a bone Homeostasis. Physicians know about the
reduced  bone  health,  it  is  world's  most   prevalent association of osteoporosis with aging, postmenopausal
non-communicable diseases [1, 2]. In fact,  it  is  well status and secondary causes as drugs that cause such
known  that  changes    in   the   normal   functioning  of side effect. Drug-induced osteoporosis is a significant
the bone tissue, mostly insidious and asymptomatic, health problem and contribute to significant bone loss
occur more  frequently  in  patients  with epilepsy than and fractures. All anti-epileptic drugs (AEDs), both
the general population [3, 4]. In patients with epilepsy enzyme inducers (phenytoin (PHY), Phenobarbital (PB),
there  is  evidence  of  biochemical abnormalities carbamazepine (CBZ)) and enzyme non inducers, such as
indicating  a disturbed bone metabolism, a decreased valproate (VPA), are associated with accelerated bone
bone  density  and   2-6  times   increased   risk of loss and subsequent increased risk of osteoporotic
fractures compared to the general population [5, 6]. fracture [7, 8].

density (BMD) and loss of the structural and
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Unfortunately, the adverse effects of AEDs on bone vitamin D levels [26, 27]. Patients should also receive
metabolism, especially phenytoin, are also seen in young adequate calcium supplementation. When safe to do so,
patients [9]. Earlier studies in children [10] have shown patients with epilepsy should be encouraged to
decreased urinary excretion of calcium in patients on PHY, participate in regular weight-bearing exercises as tolerated
VPA and CBZ. Ninety percent of the subjects studied [28]. In a survey of 624 neurologists to assess their
longitudinally developed either vitamin D deficiency or practice, only 28% were aware that AEDs are associated
insufficiency at the end of 6 months of therapy. with reduced bone mass and only 9% of pediatric

Several  theories  exist  concerning  the mechanisms neurologists and 7% of those treating adults prescribed
of AED-induced bone loss. The cytochrome P450 enzyme- prophylactic calcium and vitamin D supplements for their
inducing AEDs, such as phenytoin, phenobarbital and epilepsy  patients.  Systematic  control  of  the  state of
carbamazepine, accelerate inactivation of vitamin D which bones  in  all  patients on long-term treatment with AEDs
decreases calcium uptake and drives secondary is  nowadays   recommended   without   qualification.
hyperparathyroidism which exacerbate bone loss [11]. Until further evidence from additional randomized trials is
Animal studies suggest a direct inhibitory effect of available, recommendations are that patients on long-term
phenytoin on osteoblast (The bone forming cells) AEDs should be screened for bone health by DEXA (Dual
proliferation and decreases in carboxylatedo-steocalcin, energy x-ray analysis) [29].
leading to poor bone mineralization [12]. It is unclear how
non-enzyme-inducing AEDs reduce BMD and increase MATERIALS AND METHODS
fracture, drug like VPA has been associated with fractures
due to the development of hypophosphatemia secondary Patients enrolled in the study were 60 collected from
to Fanconi syndrome [13]. Neurology Out-Patient's Clinic kaser Elaini University

There are other mechanisms of AED induced bone Hospital after taking their consent, 40 patients on
loss include the drug decreases intestinal calcium antiepileptic drugs for at least 2 years. 20 controls recently
absorption [14] decrease level of vitamin D3 necessary for diagnosed as epileptics and before starting treatment
maintenance of aromatase activity necessary in osteoblast matched with age and sex, Patient s and controls were
bone formation function [15]. Another causes are the chosen to have the following criteria: range of age (14-22)
decreased vitamin K status (PHY), Onodera et al. [16] years mean in patient 18.4±2.4 and 19.4±2.5 in control, age
hepatic enzyme inhibition (VPA), Guo et al. [17] and by coincides with maximum bone density period (12-30
induction of the 25-hydroxyvitamin D-24-hydroxylase by years),  sex  ratio  was 1:1 male to female in both groups,
the steroid hormone xenobiotic receptor [18]. AED no regular supplementation of calcium or vitamin D for
therapy with multiple drugs is shown to be associated two years and all cases diagnosed as Grand mal epilepsy.
with high risk of bone mineral metabolism affection than Patients were divided into four groups, group I treated
monotherapy [19]. Bone resorption is currently evaluated with phynetoin (PHY), group II on valporic acid (VAP),
by collagen degradation products, an assay of the group III on carbamazipine (CBZ) and group I V treated
breakdown of mature type I collagen carboxy-terminal with both valporic acid and carbamazipine (V+C).Blood
telopeptide of type I collagen (ICTP), was developed [20] was collected, separation of serum by centrifugation and
and has been shown to be a sensitive marker of bone stored under -20 °C tell analysis. Estimation of serum
resorption in various kinds of bone disorders [21-23]. As 25(HO) vitamin D and serum carboxy-terminal telopeptide
type I collagen is the most common protein in the of type I collagen( ICTP) marker for bone resorption both
skeleton, assays of the turnover of this protein should be estimated by Elisa kit (Human Cross-linked Carboxy-
good markers of bone turnover. The synthesis of type I terminal telopeptide of type I  collagen, CTX-I ELISA Kit)
collagen can be measured by PICP (Bone formation [30]. Serum calcium Ca, phosphorus Ph and magnesium
marker) [24]. Evidence-based strategies for prevention, Mg estimated by calorimetric method [31-33]. All results
screening, monitoring and treating bone loss and were expressed as mean± SEM, Student test was
osteoporosis associated with AEDs are limited. Routine calculated P 0.05 considered significant difference.
evaluation of 25-hydroxy vitamin D before treatment and
every 6-12 months of AED therapy is recommended to RESULTS
ensure adequate vitamin D levels [25]. Patients on non-
enzyme-inducing AEDs generally require 1000-1200 All  the values  are  expressed  as  mean  (±SEM).
IU/day of vitamin D while those on enzyme-inducing The age of the study population were (18.4±2.4) in patient
AEDs need 2000-4000 IU/ day to maintain adequate and (19.4±2.5)  in control. Biochemical results showed that
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Table 1: Serum values of (OH) vitamin D, ICTP marker, serum calcium, phosphorus and magnesium indifferent AIDs treated Patients and untreated control
groups

Control PHY VAP CBZ V+P
(OH) Vit D nmol/l 86 ±19.5 17.3±3.4 64.4± 8 46.8± 15 27.6± 5*** ***

ICTP ng/ml 2.92±0.5 6± 1 3.2±0.7 3.7±1 3.4 ±1.3**

Ca ml/dl 9.5± 0.7 8.3± 0.8 9.5± 0.5 9.6± 0.7 9.5± 0.6**

Ph ml/dl 4.5± 0.7 4.1± 0.5 4.5± 0.4 4.3± 0.7 4.3± 0.3
Mg ml/dl 3.8± 0.2 3.9± 0.18 3.8± 0.08 3.7± 0.2 3.8± 0.06
P 0.0001 , P 0.001 , P 0.05   (ng/ml = nanogram/ml ; nmol/l = nanomol/l)***

patients under  different drug treatment had significant and Kraenzlin [26] colleagues. While VAP is a non enzyme
low levels of  25 (OH) vitamin D compared to control inducer so VAP group showed better vitamin D level,
(38.7± 20.9 versus 86 ±19.5 nmol/l) p 0.0001 and studies showed that VAP does not affect bone resorption
significant elevation of C-Teminal Telopeptide of Type-1- marker. This was reported in many studies [35].
Collagen (ICTP) 4.1 ±1.6 versus 2.92±0.5ng/ml in controls Physiological concentrations of vitamin D3 are necessary
(P<0.05). Group treated with Phynetoin (PHY) showed for maintenance of aromatase activity necessary in
highest significant elevation of bone resorption marker osteoblasts  function  and  so  affect bone formation  [15].
ICTP 6± 1 versus 2.92±0.5 ng/ml in controls (P 0.0001), In the present group of subjects, enzyme inducing AED
insignificant elevation in other groups (VAP), (CBZ) and (PHY, PB and CBZ) and enzyme inhibiting AED (VPA)
both drugs (V+C) (3.2±0.7,3.7±1.1,3.4 ±1.3 ng/ml) affected the 25 (OH) D metabolisms and caused decrease
respectively versus 2.92±0.5 in control. Serum 25(OH) in its level alike. This leads us to speculate that bone
vitamin D showed highly significant decrease in mineral  metabolism  is  affected  on those with AED at
phenytoin and double drug groups (17.3±3.4, 27.6± 5) sub-therapeutic  plasma  concentrations  of  the  drug
versus 86 ±19.5 nmol/l in controls (P 0.0001), CBZ (46.8± level as mentioned by Zare et al. [35]. The cytochrome
15 nmol/l, P 0.001) while in VAP. (64.4± 8 nmol /l, P 0.05). P450 enzyme-inducing AEDs, such as phenytoin and
Serum calcium showed significant decrease in phenytoin carbamazepine, accelerate  inactivation  of  vitamin D
group (p 0.01) but  not in other groups serum Ca was which decreases calcium uptake drives secondary
(8.3± 0.8, 9.5± 0.5, 9.6± 0.7,9.5±0.60 versus 9.5±0.7ml/dl)in hyperparathyroidism and accelerates bone loss [11].
PHY, VAP, CBZ and double drug groups respectively. All AEDs, both enzyme inducers (phenytoin,
Significant decrease in Phosphorus in double drug group carbamazepine) and enzyme non-inducers, such as
(p 0.05), but not in other groups. Serum Ph was (4.1± 0.5, valproate, are associated with accelerated bone loss and
4.5± 0.4, 4.3± 0.3, 4.3± 0.7)versus 4.5± 0.7ml/dl) in Phy, subsequent increased risk of osteoporotic fracture [7, 8,
Vap, V+C and CBZ respectively. Serum Mg showed no 17]. A meta-analysis found AED therapy to be associated
difference  versus control in all groups (3.9± 0.18, 3.8± with increased risk of fracture, with the relative risk (RR)
0.08, 3.8± 0.06, 3.8 0.2 versus 3.8± 0.2ml/dl) in of 2.2 (95% CI 1.9–2.5) [36]. 
Phy,VAP,V+CandCBZ respectively. Table 1. The fracture risk is dependent on the duration and

DISCUSSION evaluated nearly 16,000 patients over 50 years of age

In this study patients under AED showed marked 25 Use of carbamazepine and phenytoin were associated
(OH) vitamin D deficiency with levels in PHY, CBZ, V+P with a significant increase in non traumatic fractures,
(17.3±3.4, 46.8± 15, 27.6± 5) nmol/l respectively while in while valproate was not [37]. Animal study showed that
VAP group was with better level in VAP group 64.4± 8 valporic acid decreased bone mineral density in rats in
nmol/l but still in the sufficient area. Optimal status of dose depending manner [38]. 
vitamin D is level > 50 nmol/l, vitamin D sufficiency is Evidence-based strategies for prevention, screening,
between 52.5-72.5 n mol/l while deficiency is < 50 nmol/l monitoring and treating bone loss and osteoporosis
[34]. associated  with  AEDs  are poor. Routine evaluation of

PHY group showed the highest decrease in vitamin D 25-hydroxy vitamin D before treatment and every 6-12
level. The three first groups are under treatment of enzyme months of AED therapy is important to ensure adequate
inducers AED which cause destruction of vitamin D this vitamin D levels and early supplement of both vitamin D
was observed in study done by Valsamis [11] and Meier and calcium [34].

cumulative dose of AEDs. A recent retrospective study

using AEDs for epilepsy and non-epilepsy indications.
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Low  vitamin  D  status  in  patients  with  epilepsy 5. Henderson, R.C., R.K. Lark, M.J. Gurka,  G. Worley,
has various health problems. Low serum 25(OH) D E.B.   Fung,    M.   Conaway,    V.A.   Stallings   and
concentrations are associated with a higher risk for hip R.D.  Stevenson,  2002.  Bone  density  and
fracture and seizure related injuries [37] Significant metabolism in children and adolescents with
elevation of ICTP showed in all patients in this study moderate to  severe   cerebral   palsy.  Pediatrics,
versus control emphasizing the fact that AED can cause 110(1 Pt 1): e5.
bone health affection and bone resorption with highest 6. Beerhorst, K., F.C. Huvers and W.O. Renier, 2005.
elevation in PHY group this goes with many studies Severe early onset osteopenia and osteoporosis
showing that phynetoin is very deterious drug causing caused by antiepileptic drugs. J. Med., 63: 222-226
bone resorption [34]. 7. Souverein,  P.,  D.  Webb,  J. Weil, T. Van Staaand,

Serum calcium of cases showed no difference A. Egberts, 2006. Use of antiepileptic drugs and risk
between control and drug groups  except for  group of fractures: case-control study among patients with
treated with PHY showing significant decrease than epilepsy. Neurology, 66: 1318-1324 
controls. This was mentioned in literature as AEDs affects 8. Shen, C., F. Chen, Y. Zhang, Y. Guoand M. Ding,
intestinal absorption of Ca and cause vitamin D deficiency 2014. Association between use of antiepileptic drugs
or insufficiency which affects ninety percent of the and fracture risk: a systematic review and meta-
subjects studied longitudinally at the end of 6 months of analysis. Bone, 64: 246-253 
therapy [10]. 9. Pack,       A.M., M.J.     Morrell,     A.     Randall,

Mg showed no difference among the groups with D.J. McMahonand,  E. Shane, 2008. Bone health in
studies confirming the observation. In our study, Mg was young women with epilepsy after one year of
unaltered in all groups of epileptics and this is consistent antiepileptic   drug   monotherapy.   Neurology,
with many studies [40, 41]. In contrast, some studies 70(18): 1586-1593
reported low Mg levels in epileptics [42]. 10. Altay, E.E., A. Serdaroðlu, L. Tümer, K. Gücüyener

In conclusion AED appear to have a deleterious and  A. Hasanoðlu, 2000. Evaluation of bone mineral
effect on bone health and as treatment is long  term   one metabolism in children receiving carbamazepine and
it is Mandatory to predict, investigate, support and treat valproic   acid.   J.   Pediatr.  Endocrinol.  Metab.,
bone affection as early as start of treatment. Although the 13(7): 933-939.
study was with limited number of cases due to the specific 11. Valsamis, H., S. Arora, B. Labban and S. McFarlane,
enrolling criteria still it is important to recommend dietary 2006. Antiepileptic drugs and bone metabolism.
follow up for all cases under such drugs. ICTP can be Nutr.Metab. (Lond), 3: 36. 
used as sensitive diagnostic test for bone affection. 12. Pack,  K.,  A.B.   Gidal   and    B.   Vazquez,  2004.
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