Journal of Medical Thesis 2014 Jan-Apr; 2(1):3-6

Effect of phenytoin (antiepileptic) on bone mineral density
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Abstract: Background: Long-term antiepileptic drug (AED) therapy is a postulated risk factor for bone loss and fractures. To study this
we have compared cases (patients on phenytoin) with age & sex matched controls.
Objectives: A1) To determine the effect of phenytoin (> 1 year therapy) on bone mineral density in 20-50 year old epileptic
patients. 2) To compare them with age & sex matched healthy controls.
Methods: We prospectively examined femoral neck & spine bone mineral density (BMD) by dual-energy x-ray
absorptiometry in 50 patients, aged between 20 and 50 years old (mean age, 37 years), who were attending an outpatient
epilepsy clinic or were admitted to our hospital . Low BMD values were analyzed for known risk factors for bone loss. Dual-
energy x-ray absorptiometry scans (LUNAR DPX PRO) were repeated in all patients, 12 months later, to assess the rate of
change in BMD over time. This was also compared with age & sex matched controls (case control study).
Result: Statistical analysis revealed that patients receiving phenytoin was an important risk factor associated with low femoral
neck & spine T- score as matched with normal control group (p value <0.05). Analysis of femoral neck & spine T-score
revealed that more than 50% of patient group had either osteopenia/osteoporosis as compared to control group. Females
were more affected than male. T-score was low in the younger age group. But there was no significant correlation between
BMD & various parameters like- 1) serum calcium level, 2) serum phenytoin level and 3) BMD after 1 year of phenytoin
therapy.
Conclusion: Long-term phenytoin therapy causes significant bone loss at the hip & spine. Dual-energy x-ray absorptiometry
scanning is useful in identifying patients who are particularly susceptible to rapid bone loss while taking phenytoin.

THESIS SUMMARY

Introduction
Osteoporosis has been better defined by the
Consensus Development Conference as “a
disease characterized by low bone mass and
micro-architectural deterioration of bone
tissue, leading to enhanced bone fragility and
consequent increase in fracture risk”.Patients
with epilepsy have a higher incidence of
skeletal fractures due to multiple reasons.
Postmenopausal women and elderly men are
particularly vulnerable to osteoporosis. A

major convulsive seizure can often lead to
falls and may result in fractures. Antiepileptic
therapy may have seemingly contradictory
effects on bone health. It can effectively
reduce the incidence of major seizures and
prevent the seizure related falls and fractures.
Long-term antiepileptic therapy may lead to a
reduction in bone mineral density, with
consequent increase in bone fragility. This can
increase the risk for fractures with attendant
high morbidity and mortality. Dual energy X-
ray absorptiometry (DEXA) is currently the
gold standard for assessing bone mineral
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density. Multiple pathophysiologic
mechanisms have been proposed for the
reduction in bone mineral density associated
with antiepileptic therapy. Most of the
available data are from the patients treated
with conventional antiepileptic drugs (AED).

Material and Methods
‘We prospectively examined femoral neck &
spine bone mineral density (BMD) by dual-
energy x-ray absorptiometry in 50
patients, aged between 20 and 50 years old
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(mean age, 37 years), who were attending an outpatient epilepsy
clinic or were admitted to our hospital . Low BMD values were
analyzed for known risk factors for bone loss. Dual-energy x-ray
absorptiometry scans (LUNAR DPX PRO) were repeated in all
patients, 12 months later, to assess the rate of change in BMD
over time. This was also compared with age & sex matched
controls.

Results

Statistical analysis revealed that patients receiving phenytoin was
an important risk factor associated with low femoral neck & spine
T- score as matched with normal control group (p value <0.05).
Analysis of femoral neck & spine T-score revealed that more than
50% of patient group had either osteopenia/osteoporosis as
compared to control group. Females were more affected than
male. T-score was low in the younger age group. But there was no
significant correlation between BMD & various parameters like-
1) serum calcium level, 2) serum phenytoin level and 3) BMD after
1 year of phenytoin therapy. What should we recommend to our
epilepsy patients taking phenytoin regarding their bone health?
It is becoming clear that this issue is confined not only to women
with epilepsy or women in the general population but is also
important for men. We have shown for the first time that Indian
patients (male & female) who have seizures sustain significant
bone loss at the femoral neck as well as spine while receiving AED
therapy. The finding that >50% had a T-score lower than -1 at
these site indicates that a substantial number are at an increased
risk for hip or vertebral fractures. Thus, it is possible that the
younger male skeleton with enhanced bone turnover from AED
therapy may require a substantially higher calcium intake to
adequately suppress bone resorption and optimize bone
mineralization. Individual other drugs should also be examined
for their association or otherwise with low BMD. A range of
pharmacological options is available for patients with reduced
BMD including HRT, biphosphonates, vitamin D; calcium etc.
patients with osteoporosis identified in this study have been
commenced on treatment.

Discussion
Statistical analysis revealed that patients receiving phenytoin was
an important risk factor associated with low femoral neck & spine
T- score as matched with normal control group (p value <0.05).
Analysis of femoral neck & spine T-score revealed that more than
50% of patient group had either osteopenia/osteoporosis as
compared to control group. Females were more affected than
male. T-score was low in the younger age group. But there was no
significant correlation between BMD & various parameters like-
1) serum calcium level, 2) serum phenytoin level and 3) BMD after
1 year of phenytoin therapy. What should we recommend to our
epilepsy patients taking phenytoin regarding their bone health?
It is becoming clear that this issue is confined not only to women
with epilepsy or women in the general population but is also
important for men.We have shown for the first time that Indian
patients (male & female) who have seizures sustain significant
bone loss at the femoral neck as well as spine while receiving AED
therapy. The finding that >50% had a T-score lower than -1 at
these site indicates that a substantial number are at an increased
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risk for hip or vertebral fractures. Thus, it is possible that the
younger male skeleton with enhanced bone turnover from AED
therapy may require a substantially higher calcium intake to
adequately suppress bone resorption and optimize bone
mineralization. Individual other drugs should also be examined
for their association or otherwise with low BMD.

A range of pharmacological options is available for patients with
reduced BMD including HRT, biphosphonates, vitamin D;
calcium etc. patients with osteoporosis identified in this study
have been commenced on treatment.

Conclusion
Long-term phenytoin therapy causes significant bone loss at hip
and spine as compared to age and sex matched normal control.
- In our study, those patients who were on phenytoin therapy for
more than 15 years, all of them revealed significant reduction in
T-score (<-1).
-BMD in females were more affected than male.
- There was no significant correlation between BMD & various
parameters like- 1) serum calcium level, 2) serum phenytoin level
and 3) BMD after 1 year of phenytoin therapy.
- Not only postmenopausal women but also adults with epilepsy
should be encouraged to attend for bone density screening. As in
our study young patients were more affected.
- Dual-energy x-ray absorptiometry scanning is useful in
identifying patients who are particularly susceptible to rapid bone
loss while taking phenytoin.
- These patients should be supplemented with bone calcium
antiresorptive therapy to prevent osreopenia or osteoporosis.

Bibliograph

1. Dent CE, Richens A, Rowe DJ, Stamp TC. Osteomalacia with
long-term anticonvulsant therapy in epilepsy. Br Med ] 1970;
4:69-72.

2. Vasconcelos D. Compression fractures of the vertebrae during
major epileptic seizures. Epilepsia 1973; 14:323-8.

3. Lidgren L, Walloe A. Incidence of fractures in epileptics. Acta
Orthop Scand 1977; 48:356-61.

4. Parfitt AM. Osteonal and hemiosteonal remodeling: the
spatial and temporal framework for signal traffic in adult human
bone. J Cell Biochem 1994;55:273-86

5. Desai KB, Ribbans W], Taylor GT. Incidence of five common
fracture types in institutionalized epileptic population. Injury
1996; 27:97-100.

6. Takahashi T, Tominaga T, Shamoto H, Shimizu H, Yoshimoto
T. Seizure-induced thoracic spine compression fracture: case
report. Surg Neurol 2002; 5:214-6.

7. Aboukasm AG, Smith BJ. Nocturnal vertebral compression
fracture. A presenting feature of unrecognized epileptic seizures.
Arch Fam Med 1997;6:185-7

8. Vestergaard P. Epilepsy, osteoporosis and fracture risk - A



Kothari AR el al

www.journalmedicalthesis.com

meta-analysis. Acta Neurol Scand 2005;112:277-86

9. Brown AJ, Dusso A, Slatopolsky E. Vitamin D. Am ] Physiol
1999;277:F157-75.

10. NIH consensus development panel on osteoporosis prevention,
diagnosis and therapy. Osteoporosis prevention, diagnosis and
therapy.JAMA. 2001; 285:785-95.

11.Sheth RD. Bone health in epilepsy. Epilepsia 2002; 43:1453-4.

12.Pack AM. The association of antiepileptic drugs and bone
disease. Epilep Curr 2003; 3:91-5.

13. Mattson RH, Gidal BE. Fractures, epilepsy and antiepileptic
drugs. Epilepsy Behav 2004;5:536-40

14. Fitzpatrick LA. Pathophysiology of boneloss in patients
receiving anticonvulsant therapy. Epilepsy Behav 2004; 5:53-15.

15.Sheth RD. Bone health in pediatric epilepsy. Epilepsy Behav
2004;5:530-5]

16.Hegarty ], Mughal MZ, Adams ], Webb NJ. Reduced bone
mineral density in adults treated with high-dose corticosteroids
for childhood nephrotic syndrome. Kidney Int 2005; 68:2304-9.

17.Sheth RD. Bone health in epilepsy. Epilepsia 2002; 43:1453-4.

18. Tekgul H, Dizdarer G, Demir N, Ozturk C, Tutuncuoglu S.
Antiepileptic drug-induced osteopenia in ambulatory epileptic
children receiving a standard vitamin D3 supplement. ] Pediatr
Endocrinol Metab 2005;18:585-8

19.Riggs BL, Wahner HW, Dunn WL, Mazess RB, Offord KB
Melton L] 3rd. Differential changes in bone mineral density of the
appendicular and axial skeleton with ageing: Relationship to
spinal osteoporosis. ] Clin Invest 1981; 67:328-35.

20.Ohta H, Mazusawa T, Ikeda T, Suda Y, Makita K, Nozawa S.
Which is more osteoporosis-inducing, menopause or
oopherectomy? ] Bone Miner Res 1992; 19:273-85.

21.Crawford P. Best practice guidelines for the management of
women with epilepsy. Epilepsia 2005;46:117-24

22.Stephen LJ, McLellan AR, Harrison JH. Bone density and
antiepileptic drugs: a case controlled study. Seizure 1999; 8:339-
342.

23.Kafali G, Erselcan T, Tanzer E. Effect of antiepileptic drugs on
bone mineral density in children between ages 6 and 12 years.
Clin Pediatr 1999; 38:93-98.

24. Filardis S, Guerreiro CAM, Magna LA, Marques JF Neto. Bone
mineral 948 Arq Neuropsiquiatr 2004;62(4)

25.Stamp TC, Round JM, Rowe DJ, Haddad ]G. Plasma levels
and therapeutic effect of 25-hydroxycholecalciferol in epileptic
patients taking anticonvulsant drugs. Br Med J 1972; 4:9-12.

26.Hahn TJ], Hendin BA, Scharp CR, Haddad ]G ]r. Effect of
chronic anticonvulsant therapy on serum 25-hydroxycalciferol
levels in adults. N Engl ] Med 1972; 287:900-4.

27.Christiansen C, Rodbro P, Lund, M. Incidence of
anticonvulsant osteomalacea and effect of vitamin D; controlled
therapeutic trial. Br Med ] 1973; 4:695-701.

28. Petty S], Paton LM, O'Brien T], Makovey ], Erbas B, Sambrook
P, Effect of antiepileptic medication on bone mineral measures.
Neurology 2005; 65:1358-65.

29.Valmadrid C, Voorhees C, Litt B, Schneyer CR. Practice
patterns of neurologists regarding bone and mineral effects of
antiepileptic drug therapy. Arch Neurol 2001; 58:1369-74.

30. Pack AM, Morrell M], Marcus R, Holloway L, Flaster E, Done
S. Bone mass and turnover in women with epilepsy on
antiepileptic drug monotherapy. Ann Neurol 2005; 57:252-7.

31.Ecevit C, Aydogan A, Kavakli T, Altinoz S. Effect of
carbamazepine and valproate on bone mineral density. Pediatr
Neurol 2004; 31:279-82.

32.8ato Y, Kondo I, Ishida S, Motooka H, Takayama K, Tomita Y.
Decreased bone mass and increased bone turnover with
valproate therapy in adults with epilepsy. Neurology 2001;
57:445-9.

33. Verrotti A, Greco R, Latini G, Morgese G, Chiarelli E. Increased
bone turnover in prepubertal, pubertal, and postpubertal
patients receiving carbamazepine. Epilepsia 2002; 43:1488-
1492.

34.Hahn TJ, Hendin BA, Scharp CR, Boisseau VC, Haddad ]G.
Serum 25-hydroxycalciferol levels and bone mass in children on
chronic anticonvulsivant therapy. N Engl ] Med 1975;292:550-
554.

35.Hahn TJ, Hendin BA, Scharp CR, Haddad ]G Jr. Effect of
chronic anticonvulsant therapy on serum 25-hydroxycalciferol
levels in adults. N Engl ] Med 1972; 287:900-4.

36. Verrotti A, Greco R, Latini G, Morgese G, Chiarelli F. Increased
bone turnover in prepubertal, pubertal, and postpubertal
patients receiving carbamazepine. Epilepsia 2002; 43:1488-
1492.

37. Telci A, Cakatay U, Kurt BB, Kayali R, Sivas A, Akcay T, et al.
Changes in bone turnover and deoxypyridinoline levels in
epileptic patients. Clin Chem Lab Med 2000;38:47-50

38. Malabanan A, Veronikis IE, Holick MF. Redefining vitamin D
insufficiency.Lancet 1998; 351:805-806.

39. Fitzpatrick LA. Pathophysiology of boneloss in patients
receiving anticonvulsant therapy. Epilepsy Behav 2004; 5:s3-15.
40. Tangpricha V, Pearce EN, Chen TC, Holick ME. Vitamin D
insufficiency among free-living healthy young adults. Am ] Med

2002;112:659-62

41.El-Hajj Fuleihan G, Nabulsi M, Choucair M, Salamoun M,
Hypovitaminosis D in healthy school children. Pediatrics

Journal of Medical Thesis | Volume 2 | Issue 1| Jan-Apr 2014 | Page 3-6 5



Kothari AR el al

2001;107:E53

42. Farhat G, Yamout B, Mikati MA, Demirjian S, Sawaya R, El-
Hajj Fuleihan G. Effect of antiepileptic drugs on bone density in
ambulatory patients. Neurology. 2002;58:1348-53.

43.Elliott ME, Binkley N. Evaluation and measurement of bone
mass. Epilepsy Behav 2004; 5:516-23.

44.LeBlanc AD, Evans HJ, Marsh C. Precision of dual photon
absorptiometry measurements. ] Nucl Med 1986;27:1362-5

45.Kanis JA. Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis: Synopsis of a WHO
report. WHO Study Group. Osteoporos Int 1994; 4:368-81.

46.Blake GM, Fogelman 1. Technical principles of dual energy x-
ray absorptiometry. Semin Nucl Med 1997;27:210-28

47. Wilkins CH, Birge S]. Prevention of osteoporotic fractures in
the elderly. Am ] Med 2005; 118:1190-5.

48. Updated official positions of the International society for
clinical densitometry, 2005

49. Kubota F, Kifune A, Shibata N, et al. Bone mineral density of

www.journalmedicalthesis.com

epileptic patients on long-term antiepileptic drug therapy: a
quantitative digital radiographic study. Epilepsy Res 1999; 33:
93-97.

50. Valimaki MT, Tiihonen M, Laitinen K, et al. Bone mineral
density measured by dual energy X-ray absorptiometry and
novel markers of bone formation and resorption in patients on
antiepileptic drugs. ] Bone Miner Res 1994; 9: 631-63715.

51.Stephen L], McLellan AR, Harrison JH, et al. Bone density and
antiepileptic drugs: a case-controlled study. Seizure 1999; 8:
339-342.

52.Herzog AG, Klein B Jacobs AR. Testosterone versus
testosterone and testolactone in treating reproductive and sexual
dysfunction in men with epilepsy and hypogonadism. Neurology.
1998; 50:782-784.

Conflict of Interest: Nil
Source of Support: None

How to Cite this Article:

Full Thesis and Master Chart available on
www.journalmedicalthesis.com

Kothari SA, Kothari AR, Ichaporia NR, Divate UP. Effect of phenytoin (antiepileptic) on bone mineral density. Journal Medical Thesis
2014 Jan-Apr; 2(1):3-6

6 Journal of Medical Thesis | Volume 2 | Issue 1 | Jan-Apr 2014 | Page 3-6



