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Opinion statement

When treating a person with epilepsy, one must consider many factors in addition to
the obvious need to treat the seizures. Both epilepsy itself and treatment with antie-
pileptic drugs (AEDs) subject one to numerous potential secondary long-term health
concerns. Poor bone health is one of these concerns. Studies suggest that persons with
epilepsy treated with AEDs have an increased risk of fracture, low bone mineral density
(BMD), and abnormalities in bone metabolism. Multiple factors likely contribute to the
increased risk. Falls during generalized tonic-clonic seizures, secondary effects of AEDs
on balance, inactivity, low BMD, reduced calcium intake, reduced active vitamin D
metabolites, and a genetic predisposition to low BMD may all contribute. Studies sug-
gest a differential influence of AEDs. Phenytoin, phenobarbital, and primidone are
most consistently associated with a negative impact on bone. Carbamazepine and val-
proate may also result in bone abnormalities, but data are mixed. Current studies sug-
gest that lamotrigine has limited (if any) effect, but again, data are inconsistent. Other
AEDs have received limited study. Screening for poor bone health includes serologic
testing of vitamin D metabolites (notably 25-hydroxyvitamin D) as well as BMD testing
using dual energy x-ray absorptiometry. Optimizing intake of calcium and vitamin D is
important for all persons with epilepsy treated with AEDs. Although many treatments
for low BMD are available, these agents have not been studied in persons with epilepsy
treated with AEDs. Overall, physicians treating persons with epilepsy must consider the
potential effect of having epilepsy and its main treatment, AED therapy, on bone
health. For patients in whom bone health is a particular concern (eg, those with diag-
nosed bone disease or with significant risk factors for bone disease, including gluco-
corticosteroid use), it is best to avoid AEDs known to negatively affect bone. In
addition, practitioners should work with other treating physicians to optimize bone
health in these patients.

Introduction
Epilepsy is a chronic condition that may affect individ-
uals for years. Both seizures and treatment can have
adverse effects. Optimizing the treatment for affected
persons includes addressing long-term effects on bone
health. Identification and treatment of poor bone

health has gained increased attention. Osteoporosis
is recognized as a significant disease process that
should be prevented, identified, and treated. Efforts
to increase public awareness of diseases of bone in-
clude the recent Decade of the Bone and Joint (2001 to



2011) and the first-ever US Surgeon General Report on
Bone Health and Osteoporosis, released in 2004. Per-
sons with epilepsy treated with antiepileptic drugs
(AEDs) have an increased risk of fracture, low bone den-
sity, and abnormalities in bonemetabolism. Studies sug-
gest that enzyme-inducing AEDs, particularly phenytoin,
phenobarbital, and primidone, are commonly associat-
ed with reduced vitamin D metabolites and low bone
mineral density (BMD). Studies provide contradictory
results for many other AEDs, including carbamazepine,
valproate, and lamotrigine. This article reviews recent lit-
erature assessing the impact of epilepsy and AEDs on
fracture, BMD, and bone metabolism. In addition, the
differential effect of individual AEDs, potential mecha-
nisms to explain reported abnormalities, and treatment
for poor bone health will be discussed.

Fracture Risk
Persons with epilepsy treated with AEDs are at increased
risk for fracture. Reports suggest that the risk of fracture
in children and adults with epilepsy is two to six times
greater than in the general population [1, Class IV].
A population-based study using the General Practice
Research Database (GPRD) of over 40,000 patients
with epilepsy found that after controlling for age
and sex, the risk of fracture was approximately two-
fold higher than in a control group of over 80,000
individuals [2, Class III]. Multiple factors likely contrib-
ute to the increased risk. For example, the propensity
to fall influences the risk of fracture. Persons with
epilepsy are more likely to fall as a result of seizures
as well as AED exposure. In a study of 29 ambulatory,
community-dwelling twin and sibling pairs, balance
performance was found to be impaired in the AED
users, suggesting that balance impairment may con-
tribute to the increased risk of fractures [3•, Class
III]. The role of multiple factors is highlighted by a
meta-analysis finding that in persons with epilepsy,
BMD was significantly decreased and the risk of frac-
ture was increased [4, Class IV]. The authors found
that the reduction in BMD was not enough to ex-
plain the elevated fracture risk. The authors conclud-
ed that bone disease and seizure-related injury
interact to increase the fracture risk.

The impact of seizures on fracture risk has received
much study, with conflicting results. Population-based
studies find that trauma related to seizures is not asso-

ciated with fractures [5, Class IV]. Generalized tonic-
clonic seizures, however, are associated with a higher
risk for fracture than are partial seizures [6, Class III].

AED exposure likely increases fracture risk. Using
the GPRD and a nested case–control study design,
long-term AED use was associated with an increased
risk of fracture, particularly in women [7, Class III].
Similarly, a case–control study using data from the
FunenCounty, Denmark, hip register found that fracture
risk was increased with AED use [8, Class III]. The use of
enzyme-inducing AEDs independently increased the
risk of fracture, but non-inducing AEDs did not.
The risk was associated with higher daily doses of
current and recent AED use. Results from a pharmacoe-
pidemiologic, population-based, case–control study,
also in Denmark, suggests that there may be a differ-
ential effect of AEDs on fracture risk [9, Class III].
After adjusting for significant confounders includ-
ing a diagnosis of epilepsy, treatment with carba-
mazepine, c lonazepam, phenobarbi ta l , and
valproate were all associated with a significant in-
crease in fracture risk.

Bone Mineral Density
BMD is currently the most significant predictor of frac-
ture. The most-studied and best-understood technique
to assess BMD is dual-energy x-ray absorptiometry
(DXA). Using DXA, the obtained BMD measurement
(in g/cm2) is compared to large databases. This com-
parison yields two standard deviation scores: T-score
and Z-score. The T-score compares the obtained
BMD measurement to a population at peak BMD,
matched by sex and race, whereas the Z-score com-
pares the BMD measurement to an age-matched pop-
ulation. Currently, the World Health Organization
defines osteoporosis and osteopenia in postmeno-
pausal women and older men using the T-score. In
young persons, Z-scores less than −2.0 are defined as
low BMD. Using DXA, multiple studies have assessed
BMD among persons with epilepsy treated with AEDs
and found osteopenia or osteoporosis in 38% to 60%
of persons with epilepsy treated with AEDs in tertiary
epilepsy clinics [10–12, Class III]. Longer AED use was
associated with decreased BMD in studies examining
this association [10, 11, 13, Class III].

Osteoporosis does not affect only women. In the
general population, evidence of osteoporosis is com-
mon in older men. Among persons with epilepsy,
studies find that men have evidence of low BMD and
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are vulnerable to low-trauma fractures [14, Class III]. A
prospective study of men with epilepsy treated with
AEDs who were between the ages 25 and 54 found sig-
nificant reductions in BMD, most notably significant
femoral neck declines after 1 year of AED treatment
among men in the youngest age group (ages 25–44)
[10, Class III]. Similarly, youngmales withmore chronic
epilepsy (≥ 6 years) had the lowest BMD among a group
of 108 ambulatorymales and femaleswith epilepsywho
were between the ages of 6 and 18 years [14, Class III].
These authors concluded that age at onset of epilepsy,
growth trends, and hormonal differences may influence
the reported differences.

Childhood and adolescence are critical periods
for bone development and mineralization. Peak
BMD is obtained between the ages of 20 and
30 years. During childhood and adolescence, nu-
merous factors, including diseases, inactivity, and
low vitamin D intake, may lead to abnormal bone
architecture and a subsequent increase in fractures
[15, Class IV]. Epilepsy and chronic AED exposure
contribute to abnormal bone mineralization and
potentially abnormal bone accrual. Multiple studies
using DXA have found low BMD in children and
adolescents with epilepsy when compared with
controls without epilepsy, not taking AEDs [13, 16,
17, Class III]. A cross-sectional study compared BMD
of 82 ambulatory children (ages 6–18) with epilepsy
for either less than 1 year, 1 to 5 years, or 6 ormore years
with that of healthy children [17, Class III]. Z-scores
corrected for age and sex were used in the analysis.
The total BMD Z-score was lower in children with
epilepsy. Increasing duration of epilepsy was associ-
ated with a progressive reduction in BMD compared
with controls.

Cerebral palsy and mental retardation are indepen-
dently associated with low BMD. In a cohort of 117 chil-
dren and adolescents with moderate to severe cerebral
palsy, 77% of studied patients had evidence of low
BMD [18, Class III]. AED use was among the factors that
correlated with low BMD. Another study aimed to assess
BMD in children, adolescents, and young adults with ep-
ilepsy alone or in association with cerebral palsy and/or
mental retardation [16, Class III]. A total of 96 subjects
were studied. Results were compared with those for 63
healthy controls. Abnormal BMD was found in almost
60% of children, adolescents, and young adults with
cerebral palsy (n=47). Among the total group, lack of au-
tonomous gait, severe mental retardation, prolonged
AED therapy, adjunctive topiramate therapy, and less

physical activity all significantly correlated with ab-
normal BMD.

Bone Metabolism
Calcium and calciotropic hormones are integral to
bone health and may be affected in persons with epi-
lepsy who are taking AEDs. Calcium homeostasis is a
tightly regulated process and an integral function of
bone. Vitamin D, the parathyroid gland, and calcito-
nin are all directly and indirectly involved. In addition
to playing a critical role in calcium homeostasis, vita-
min D has direct effects on bone, such as promoting
differentiation of osteoclasts. Studies suggest that per-
sons with epilepsy often do not get enough calcium. A
study of 144 patients with epilepsy in India found that
all had low dietary calcium intake, compared with the
recommended daily allowance [19, Class III]. Active
vitamin D metabolites, notably 25-hydroxyvitamin
D, also may be low in persons with epilepsy [1, 5,
Class IV], but this is not a consistent finding. En-
zyme-inducing AEDs are most commonly associated
with lower levels of 25-hydroxyvitamin D [1, 5, Class
IV]. In one study, healthy children treated with non–
enzyme-inducing AEDs had no evidence of vitamin
D deficiency [20, Class III]. Another study in children
found an association between polytherapy and vita-
min D deficiency [21, Class III].

Bone turnover markers are measurements of bone
formation and bone resorption. Elevated bone turn-
over markers reflect increased bone remodeling activi-
ty, are associated with higher rates of bone loss, and
are independent predictors of fracture [22, Class IV].
Elevations in bone formation and resorption markers
have been reported during long-term AED therapy,
as well as after initiation of AED therapy [1, 5, 15,
Class IV].

Effect of Antiepileptic Drugs
Cytochrome P450 enzyme-inducing AEDs, including
phenytoin, primidone, and phenobarbital, are most
commonly associated with a negative impact on
bone. For example, in a prospective study, women
with epilepsy receiving phenytoin sustained signifi-
cant bone loss in the femoral neck after 1 year
[23, Class II]. Compared with a study of 614 healthy
premenopausal women [24, Class III], the loss ob-
served at this site in the women receiving phenytoin
was more than 8 times greater. Similarly, among
postmenopausal women in the Study of Osteopo-
rotic Fractures [25, Class II], phenytoin use was the
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most significant factor found to negatively affect
BMD. Persons treated with phenytoin, primidone,
and phenobarbital are more likely to have lower ac-
tive vitamin D metabolites and elevated markers of
bone turnover [1, 5, 15, Class IV].

Carbamazepine Although carbamazepine is an en-
zyme-inducing AED, the data conflict regarding its
use. Some studies find changes in bone density
and turnover, whereas others do not. One study
found a change in bone turnover markers [26, 27,
Class II] in children treated with carbamazepine. Prior
to the initiation of carbamazepine treatment, adoles-
cents had an evaluation of calcium, vitamin D metabo-
lites, parathyroid hormone, and bone turnover markers
and were compared with controls matched for age, sex,
and pubertal stage. Significant changes in turnover
markers but not in parathyroid hormone or vitamin D
metabolites were found after 1 and 2 years of treatment,
suggesting possible long-term effects on bone density in
these adolescents secondary to elevated turnover. Simi-
larly a 6-month longitudinal study found significant
BMD reductions in persons treated with carbamazepine
[28, Class III]. In contrast, premenopausal women had
no significant bone loss after 1 year of treatment in an-
other study [23, Class II].

Oxcarbazepine Oxcarbazepine at higher doses is also
an enzyme inducer. Adults treated with this AED had re-
duced vitamin D metabolites and elevated parathyroid
hormone that was most significant at higher doses [29,
Class III]. Children with newly diagnosed epilepsy who
had normal BMD, biochemical markers of bone for-
mation, and hormonal markers were treated with
oxcarbazepine and then had repeat bone health
assessments [30, Class III]. Serum 25-hydroxyvita-
min D significantly decreased, and osteocalcin (a
marker of bone formation) significantly increased,
but these changes did not correlate with a decrease
in BMD during 1.5 years of oxcarbazepine treatment.

Valproate Although early reports found no effects of
valproate on bone, some recent studies have found
increased fracture rates, BMD loss, and laboratory
markers of bone disease in children and adults [1,
5, Class IV; 12, Class III; 15, Class IV]. These find-
ings are not consistent among all recently published
reports [23, Class II]. Long-term valproate mono-
therapy in 40 adults resulted in decreased BMD
and increased serum concentrations of calcium, low vi-
tamin D metabolites, and increased markers of bone re-

sorption and formation [12, Class III]. Similarly,
children treated with valproate had decreased BMD
and elevated markers of bone turnover when com-
pared with children not treated with AEDs [13, 31,
Class III] or treated with carbamazepine [13, Class
III]. Twenty postpubertal males with newly diagnosed
idiopathic generalized epilepsy showed significant
elevation of markers of bone formation and resorption
after 1 year of treatment [32, Class II]. In contrast, 14 pre-
menopausal women treated with valproate monother-
apy demonstrated no significant change in markers of
bone turnover or bone loss after 1 year of treatment
[23, Class II].

New-Generation Antiepileptic Drugs There has been
limited study of the potential effects on bone of the new
generation of AEDs. Results from a large, prospective
study in older men identified non–enzyme-inducing
AEDs, mostly gabapentin, as being associated with bone
loss [33•, Class II].

Of the new-generation AEDs, lamotrigine has re-
ceived the most study. The data regarding its effects
on bone are mixed, similar to other AEDs. Lamotri-
gine treatment for more than 2 years in children was
associated with shorter stature, lower BMD, and re-
duced bone formation, but the major predictor of
lower BMD was physical inactivity [31, Class III].
Another prospective study found elevated osteocalcin,
amarker of bone formation, in associationwith lamotri-
gine treatment [28, Class III]. In contrast, premenopaus-
al women treated with lamotrigine did not have
significant reductions in BMD or changes in bone turn-
over markers [23, Class II]. As well, a study of children
found no difference in BMD between those with epilep-
sy treatedwith lamotriginemonotherapy versus controls
[34, Class III].

Topiramate and zonisamide are both carbonic
anhydrase inhibitors. Treatment with these agents
results in renal acidosis, which is associated with sec-
ondary abnormalities of bone. Interestingly, because
carbonic anhydrase potentiates the action of osteo-
clasts, inhibitors may have a bone-sparing effect. This
hypothesis is supported by findings in women with
glaucoma treated with acetazolamide, another carbonic
anhydrase inhibitor [35, Class III].

Data on levetiracetam’s effects on bone are also
limited. An animal study found that levetiracetam
therapy may affect bone quality [36]. Rats treated with
low-dose levetiracetam had reduced bone strength and
bone formation, with no changes in bone mass.
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Mechanisms of AED Effects on Bone
As stated previously, cytochrome P450 enzyme-induc-
ing AEDs are most consistently associated with abnor-
malities in bone. It has long been hypothesized that
this effect is related to induction of the hepatic cyto-
chrome P450 enzyme system. Treatment with liver-in-
ducing AEDs increases activity of hepatic mixed-
function oxidases and thus acceleratesmetabolism of vi-
tamin D, resulting in less biologically active vitamin
D. Reduced active vitamin D leads to decreased in-
testinal calcium absorption, decreased serum calci-
um concentration, and a compensatory increased
serum parathyroid hormone concentration [1, 5,
Class IV]. If hyperparathyroidism persists, BMD
decreases. Osteomalacia results because of a mineraliza-
tion defect secondary to chronically reduced vitamin D
and calcium. Serologic studies revealing low calcium,
low active vitamin D metabolites, and high parathyroid
hormone support this mechanism [1, 5, Class IV].

In addition, these clinical findings are supported
by basic studies evaluating the effect of enzyme-in-
ducing AEDs on the expression of specific cyto-
chrome P450 isoenzymes involved in vitamin D
metabolism. Phenobarbital, phenytoin, and carba-
mazepine are among a class of drugs known as
xenobiotics. Xenobiotics activate a nuclear receptor
known as either the steroid and xenobiotic receptor
(SXR) or the pregnane X receptor (PXR). One study
found that xenobiotics upregulate 25-hydroxyvitamin
D3-24-hydroxylase (CYP24) in the kidney through activa-
tion of PXR. This enzyme catalyzes the conversion of 25-
hydroxyvitamin D to its inactive metabolite, 24,25-
dihydroxyvitamin, rather than to its active metabo-
lite, 1,25-dihydroxyvitamin D [37]. Other investigators
found that xenobiotic activation of PXR did not upregu-
late CYP24 but did increase expression of a different iso-
enzyme, CYP3A4, in the liver and small intestine [38].
This enzyme converts vitamin D to more polar metabo-
lites, which are inactive.

Results from many studies contradict the hypoth-
esis that the enzyme-inducing properties of some
AEDs lead to decreased vitamin D, low calcium, hyper-
parathyroidism, decreased BMD, and fracture. In some
studies comparing groups treatedwith either enzyme-in-
ducing AEDs or non–enzyme-inducing AEDs, 25-
hydroxyvitamin D did not differ [39, 40, Class III].
Moreover, carbamazepine, an enzyme-inducing AED,
is consistently not associated with decreased BMD [1,
5, 15, Class IV], whereas valproate, an enzyme inhibitor,
often is [1, 5, Class IV; 12, 13, Class III; 15, Class IV].

Other potential mechanisms have been proposed
and investigated [5, Class IV]. AEDs could have a direct
impact on calcium absorption or on bone cells (osteo-
blasts or osteoclasts). AEDs may disrupt vitamin K me-
tabolism, similar to the proposed effects on Vitamin D.
Vitamin K is a cofactor required for the carboxylation
of Gla proteins, which are synthesized by osteoblasts.
In support of the vitamin K hypothesis, phenytoin ad-
ministration decreases serum vitamin K2, serum osteo-
calcin, and BMD in animal models. Phenytoin’s
effects are reversed with vitamin K2 supplementa-
tion [5, Class IV]. AEDs could affect calcitonin secre-
tion. Calcitonin inhibits bone resorption induced by
parathyroid hormone, and in animal studies, phenytoin
treatment decreases calcitonin secretion. Enzyme-in-
ducing AEDs may also adversely affect reproductive
sex steroid hormones, which may have a direct impact
on bone health, particularly as estrogen is a significant
factor in bone modeling and remodeling.

It is also possible that epilepsy disrupts central ner-
vous system control of bone metabolism and thus
negatively affects bone. This effect may be mediated
through the hormone leptin. Leptin activates adren-
ergic receptors on the surface of osteoblasts, decreas-
ing osteoblast numbers and bone formation. In
animal models, seizures increase serum leptin levels
[41], potentially decreasing bone formation.

Genetics may influence the risk of low BMD and
abnormal vitamin D metabolites. Genotyping of the
vitamin D receptor (VDR) was performed in 73 am-
bulatory patients with epilepsy who were receiving
long-term AED monotherapy [42•, Class III; 43, Class
IV]. The results suggested that persons with epilepsy trea-
tedwithAEDs are at increased risk for decreasedBMDand
decreased active vitamin Dmetabolites if they have the B
allele of the BsmI polymorphism of the VDR gene. Re-
striction site polymorphisms in the VDR gene, including
BsmI, are associated with both BMD changes and fracture
[44, Class IV].

Screening
Currently, there are no official recommendations for
screening bone health in persons with epilepsy treated
with AEDs. As the most sensitive predictor of fracture
at this time is BMD, it is reasonable to consider obtain-
ing BMD measurements using DXA in persons at risk.
The FRAX® tool [45] can be used to assess a patient’s
risk of fracture. This tool was developed by the World
Health Organization to evaluate fracture risk. It
addresses the impact of low BMD and factors known
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to increase one’s risk of low BMD and fracture. A prior
history of fracture, family history of osteoporosis and
fracture, glucocorticoid steroid use, history of rheuma-
toid arthritis, tobacco use, and chronic alcohol use are
among the factors addressed in this tool. In practice,
these risk factors should be addressed in addition to

the potential impact of having epilepsy and AED treat-
ment. Routine screeningof 25-hydroxyvitaminD should
be considered, particularly in persons treated with en-
zyme-inducing AEDs. There is no defined role for
obtaining bone turnover markers, although they may
be useful if available.

Treatment

& Limited study has been done on treatment for poor bone health in
persons with epilepsy treated with AEDs. A randomized double-
blind trial over 1 year compared supplementation with low-dose
vitamin D (400 IU per day for adults and children) versus high-
dose vitamin D (4000 IU per day for adults and 2000 IU per day
for children) [46, Class II]. In the adults, the baseline BMD was
reduced at all sites when compared with controls matched for age
and gender. After 1 year, there were significant increases in BMD at
all sites in those receiving high-dose vitamin D supplementation,
but not low-dose. The children had normal BMD when compared
with matched controls and had significant and comparable
increases in BMD in both treatment groups. This study suggests
that persons with epilepsy treated with AEDs should be counseled
about adequate vitamin D intake. For those taking enzyme-in-
ducing AEDs, higher doses of vitamin D than currently recom-
mended are suggested. In addition, adequate calcium intake is
advised, with supplementation if necessary.

Table 1. Recommended daily allowance and upper daily allowance of calcium across the lifespan

Age group Recommended daily allowance (mg/day) Upper daily allowance (mg/day)
Infants 0–6 months 200 1,000
Infants 6–12 months 260 1,500
1–3 years 700 2,500
4–8 years 1,000 2,500
9–13 years 1,300 3,000
14–18 years 1,300 3,000
19–30 years 1,000 2,500
31–50 years 1,000 2,500
51–70 years (male) 1,000 2,000
51–70 years (female) 1,200 2,000
970 years 1,200 2,000
14–18 (pregnant & lactating) 1,300 3,000
19–50 (pregnant & lactating) 1,000 2,500

From Institute of Medicine [47].
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& The Institute of Medicine recently submitted a report regarding daily
intake of calcium and vitamin D. The recommended daily allowance
of calcium ranges between 700 and 1300 mg per day depending on
age, sex, and reproductive status (Table 1) [47]. (Calcium intake
greater than the recommended upper limit is associated with kidney
stones.) The recommended daily allowance of vitamin D is 600 IU
per day. The report cautions that the use of more than 4000 IU per
day may increase the risk of potential harm, including renal and
tissue damage.

& There are no studies of the effects of bisphosphonates, selective estrogen
receptor modulators, and parathyroid hormone in persons with
epilepsy treated with AEDs.

& For persons in whom bone health is of particular concern, such as
those with diagnosed bone disease or with significant risk factors for
bone disease, current data support avoiding AEDs known to ad-
versely affect bones. Collaborating with other treating physicians to
optimize bone health is also important.
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