Impact of antiepileptic drugs on bone health: Need for
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ABSTRACT

Epilepsy is the most common neurological disorder affecting approximately 50 million people worldwide. In India, overall prevalence
of epilepsy is reported to be 5.59/1000 population. Antiepileptic drugs (AEDs) constitute the main-stay of treatment with a large
number of AEDs available in the market. High incidence of adverse effects is a major limitation with AEDs. One of the major
concerns is significant metabolic effects on the bone. However, little attention has been paid to this issue because most of the
bone effects remain subclinical for a long time and may take years to manifest clinically. The main effects include hypocalcemia,
hypophosphatemia, reduced serum levels of Vitamin D, increase in parathormone (PTH) levels, and alterations in bone turnover
markers. The CYP450 enzyme-inducing AEDs such as phenytoin, phenobarbital, carbamazepine, and primidone are the most
common AEDs associated with bone disorders while the data regarding the effect of valproate and newer AEDs such as lamotrigine,
gabapentin, vigabatrin, levetiracetam, and topiramate on bone metabolism and bone density are scanty and controversial. Deficiency
of Vitamin D is commonly described as a cause for the bone loss in epileptic patients while others being decreased absorption of
calcium, increased PTH levels, and inhibition of calcitonin secretion, etc. However, there are no formal practical guidelines for the
management of bone disease among those taking AEDs. Evidence-based strategies regarding monitoring, prevention, and treatment
of bone diseases in patients on AED therapy are needed.
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Introduction

Epilepsy is the most common neurological disorder affecting
approximately 50 million people wotldwide.!! In India, the overall
prevalence of epilepsy is reported to be 5.59/1000 population.”
There are very few incidence studies from India, and the most
recent one suggests an age-standardized incidence rate of
27.3/100,000 per year.’! Medical treatment with antiepileptic
drugs (AEDs) is the main-stay of treatment. A large number
of AEDs are available in the market. Use of newer AEDs is
becoming increasingly prevalent due to their increased tolerability,
although conventional medications are still being used in older
patients.l” It has been found that 70% of the patients become
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seizure-free after the institution of AED therapy.”! The AEDs
are increasingly being used for nonseizure indications such
as neurological disorders such as neuropathic pain, essential
tremor, prophylaxis of migraine and psychiatric disorders
including anxiety, bipolar disorder, schizophrenia, and behavioral
disturbance in dementia.[’

Adverse effects of AEDs have a considerable impact on the
quality of life and conttibute to treatment failure.”? One of the
major concerns with the use of AEDs is the occurrence of
significant metabolic effects on the bone as AED treatment is
given for years or lifelong, It is very important to have knowledge
and understanding of the possible metabolic derangements
associated with AED use as most of the bone effects remain
subclinical for a long time and may take years to manifest
clinically.
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The incidence of seizures and epilepsy is high in childhood and
in the eldetly, especially after the age of 60 years.®! Childhood and
adolescence are critical periods of skeletal bone mineralization. It
has been found that peak bone mineral density (BMD) achieved
by the end of adolescence will determine the risk for pathological
fractures and osteoporosis in the later life.”) Thus, any fall in BMD
during this decisive period could adversely affect the bone health
in later life. It is predicted that in white populations >50 years
of age, ~50% of women, and ~20% of men will have a fragility
fracture later in their life.! In India, based on 2001 census, it is
predicted that by 2015, 230 million Indians will be above the
age of 50 years. Of these about 10-15% of men and 20% of
women will be osteoporotic leading to total affected population
to be 25 million.!"!

Epilepsy is itself known to increase bone loss and the risk of
fractures by a variety of mechanisms such as restrictions of
physical activity imposed by seizures, coexisting neurological
deficits, and seizure-related falls!'!! apart from those caused by
the use of AEDs, which negatively affect the bone health. An
increased fracture rate of 2—6 times has been found in patients
with epilepsy than seen in general population.!'”

Antiepileptic Drugs and Spectrum of Bone
Disorders

A large body of evidence indicates an association between
AEDs and bone abnormalities ranging from disorders of
bone mineral metabolism!"*!'" to decrease in BMD to an
increased fracture tisk."” Bone biopsies and dual energy X-ray
absorptiometry (DEXA) which are the gold-standard technique
has provided both histological as well as radiographic evidence of
bone abnormalities. Bone loss associated with the use of AED
is usually insidious and asymptomatic to start with and goes
unrecognized for a long petriod and often untreated.!'”

Many biochemical abnormalities have been shown be associated
with the use of AEDs such as hypocalcemia, hypophosphatemia,
reduced serum levels of Vitamin D (biologically active
metabolites), and increase in parathormone (PTH) levels.!'”
Alkaline phosphatase, osteocalcin, and C-terminal extension
peptide of Type I procollagen which are the markers of bone
turnover and cross-linked carboxyterminal telopeptide of human
Type I collagen and hydroxyproline which are the markers of
bone resorption are found to be elevated.™ Serum total and
bone alkaline phosphatase were also significantly increased in
ambulatory children with adequate sun exposure within 90 days
of initiation of treatment with carbamazepine ot valproic acid.!**

A number of studies in adult patients have reported a significant
decrease in the BMD at the ribs and spine,!'” neck of femurt,
and hip!"™'" using DEXA. Similar results have been reported in
children and adolescents on AED treatment as compared with
the control subjects.” A very high prevalence (80%) of low BMD
was found in a recent study carried out in a group of inpatients

with chronic epilepsy.*"
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A two- to three-fold risk increase in the risk of sustaining a
fracture has been associated in patients on long-term use of
AEDs.P4 Increased risk of fractures of the hip, spine, and

Colles fracture has been reported.*!

A population-based
analysis has also revealed an association between most AEDs

with nontraumatic fractures in individuals aged 50 and above.

Conventional Antiepileptic Drugs and Bone
Disease

The AEDs most commonly associated with bone disorders
are known to induce enzymes of the cytochrome P450 system;
phenytoin, phenobarbital, carbamazepine, and primidone being
the major culprits.”**! However, there is limited and conflicting
data of the effect of valproate (enzyme inhibitor) on bone

metabolism and bone density.*

I A cross-sectional study on
71 patients showed lower BMD in subjects, on enzyme-inducing
drugs such as phenytoin, phenobarbital, carbamazepine,
and primidone than those on noninducers such as valproic
acid, lamotrigine, clonazepam, gabapentin, topamirate, and

ethosuximide.!"

Newer Antiepileptic Drugs and Bone Health

Over the past decade, there has been a proliferation of new
AEDs which have been approved, promising a better quality of
life with lesser adverse effects for many with epilepsy. However,
the question now arises whether the newer AEDs, such as
lamotrigine, gabapentin, vigabatrin, levetiracetam, and topiramate
cause little or no adverse bone changes. Literature search reveals
that the data on bone-specific effects of newer AEDs is limited
with conflicting results.

Oxcarbazepine, gabapentin and for levetiracetam in
preclinical studies are associated with alterations of bone
metabolism.">*1 A recent study in 108 patients concluded that
newer generation (lamotrigine, topiramate, and clonazepam)
AEDs are associated with low BMD. However, the patients were
also on treatment with one of the conventional drugs leading to
inability to arrive at conclusive evidence.!"”

Data in adult epileptic patients treated with different AEDs
indicate thatlong-term treatment with gabapentin can lead to loss
of bone at the hip and lumbar spine.l**
study in older men confirmed bone loss at the femoral neck by

gabapentin.” In addition, a significant increase in fracture risk

1 Another prospective

was found to be associated with gabapentin in a retrospective,

matched cohort study.”

Low bone mass and reduced bone formation are also reported
in children aged 3—17 years treated with lamotrigine either alone
or in combination with valproic acid.P! A preclinical study in
rats treated with low-dose levetiracetam resulted in decreased
bone strength at the femoral neck; however, on the contrary,
bone mineral content and bone mass were found to remain

unchanged.P!
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In another study, administration of levetiracetam in
16 orchidectomized Wistar rats led to significant loss of
BMD at the femur area, significantly decreased levels of
osteoprotegerin (marker of bone formation) in serum and
increased levels of carboxyterminal cross-linking telopeptide
of Type I collagen (marker of bone resorption) in bone
homogenate.””

Few studies also reported reduced 25 hydroxy Vitamin D (25[OH] D)
levels, elevated markers of bone resorption,” and significant
reductions in BMD with oxcarbazepine.P’

Mild to moderate metabolic acidosis resulting in the development
of kidney stones, osteomalacia, and/or osteoporosis has been
reported in patients treated with topiramate.’? Another study in
36 women on long-term topiramate monotherapy demonstrated
lower PTH, mild hypocalcemia, and an increase in bone
turnover.P Use of topiramate in children has also resulted
in alterations in serum contents of calcium, phosphorus, and
alkaline phosphatase as well as reductions in BMD.P?!

On the contrary, the data from a retrospective cohort study
following 560 patients reported that patients prescribed newer,
nonenzyme-inducing anticonvulsants were less expected to
have osteoporosis at the lumbar spine, femoral neck, and
hip suggesting that newer anticonvulsant medications are
not associated with lower BMD.I°
13 children on lamotrigine monotherapy compared to 36 control

I Likewise, another study in

subjects and 40 patients exposed to polytherapy concluded that
lamotrigine may not intetfere with the bone growth.P In a recent

study, levetiracetam monotherapy in 61 drug-naive patients did
not reveal any significant association with bone metabolism and
BMD.F

Mechanisms of Bone Loss with Antiepileptic
Drugs

The pathogenesis of AED-associated bone abnormalities seems
to be multifactorial. A large number of mechanisms have been
postulated [Figure 1].

Deficiency of Vitamin D which is essential for the bone growth
and remodeling is commonly described as a cause for the bone
loss in epileptic patients.'” It has been found that induction of
hepatic CYP450 system accelerates the catabolism of Vitamin D
into its polar inactive metabolites, decreasing biologically active
forms of Vitamin D. Reduced levels of serum 25(OH)D
concentrations are seen both in adults and children."¥ However,
finding of Vitamin D deficiency is not consistently seen in all the
studies evaluating the effect of AED on bone health and some
studies have shown evidence of increased bone turnover even
in the absence of Vitamin D deficiency. Valproic acid, being an
enzyme inhibitor, is also associated with decrease in BMD and
increased risk of fractures.*”® Therefore, it has been suggested
that AEDs may affect the bone metabolism through mechanisms
not only associated with hepatic enzyme induction.

There is decreased absorption of calcium from the gut which
can be attributed to the decrease in biologically active forms of
Vitamin D resulting in hypocalcemia and feedback hypersecretion
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Figure 1: Proposed mechanisms contributing to antiepileptic drug-induced bone loss
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of circulating PTH. Hyperparathyroidism leads to increased
bone resorption and ultimately reduced BMD and increased
fracture risk.**** Inhibition of the cellular response to PTH is
also thought to play a pivotal role.'’? Other mechanisms include
direct effects of AEDs on bone cells, direct inhibition of calcium
absorption from the intestine, inhibition of osteoblast cell

growth, and inhibition of calcitonin sectetion.*

Risk Factors for Bone Loss in Patients on
Antiepileptic Drugs

Age, duration of epilepsy and AED treatment, dose of
antiepileptics used, and polypharmacy [Table 1] are significant
determinants of BMD.!'

Ambulatory adults with epilepsy have a greater reduction in
BMD as compared to children. It has been found that increasing
duration of epilepsy is associated with a progressive reduction
in BMD as compared to controls.*!! The timing of deficit in
BMD in children on AED is a matter of concern. Duration
of therapy is one of the independent predictors of BMD in
adults. Reduction in the BMD may be detected during the first
1-5 years of treatment.'® The duration of AED treatment
is associated with the rate of drug-induced bone loss in men

Table 1: Factors contributing to bone loss and fractures
in epileptic patients

Epilepsy
Restrictions of physical activity imposed by seizures
Coexisting neurological deficits (weakness, loss of coordination) in
various epilepsy syndromes
Seizure-related falls
Reduced exposure to sunlight (housebound/institutionalized)
Antiepileptic drugs
Age
Dose
Duration
Polytherapy
Ketogenic diet
Concomitant medications
Glucocorticoids
Aromatase inhibitors
Antiandrogens
Heparin
Coexisting morbidities
Malabsorptive syndromes
Obesity
Hormonal status (postmenopausal women, testosterone deficient men)
Others
Caucasian or Asian race
Small frame
Family history of osteoporosis and fracture
Poor nutrition
Inadequate sunlight
Immobility
Smoking
Excessive alcohol intake
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on AEDs. Their long-term use is found to be associated with
decreased bone mineral contentin 20-65% of the patients.") The
risk of fractures is also increased with the cumulative duration

of exposure.l*?

A dose—response relationship is observed between the use of
AED and fracture risk. Chronic high-cumulative doses have
shown to increase the fracture tisk in a dose-dependent manner.*!

Polytherapy is found to be an independent risk factor for BMD in
childten.? It has been found that fracture risk in postmenopausal
women is more commonly associated with treatment with more
than one AED.™!

Recommendations and Strategies Suggested

A number of therapeutic options are available for the prevention
and treatment of reduced BMD including calcium and Vitamin
D supplementation, bisphosphonates, selective estrogen receptor
modulators, hormone replacement therapy, recombinant
forms of PTH, and calcitonin. However, very few studies are
available on the prevention and treatment of bone disease in
epileptic patients on long-term AEDs.? Data on screening
and treatment of bone diseases in patients on AED therapy
are scanty. Evidence-based strategies regarding prevention and
monitoring of bone diseases in patients on AED therapy are
needed. Following are the recommendations and strategies
suggested by various authorities and study authors:

Vitamin D and calcium supplementation: Is it
effective?

The Medicines and Healthcare products Regulatory Agency
recommends considering prophylactic Vitamin D supplementation
for patients at risk treated with liver enzyme-inducing AEDs and
valproate." Prophylactic Vitamin D doses up to 2000 1U/day
can be given in all patients at the beginning of treatment.
Calcium intake in doses of 600-1000 mg/day should also be
ensured. In case of osteopenia or osteoporosis, treatment with
2000-4000 IU/day Vitamin D is appropriate. Vitamin D doses
may be increased in cases of osteomalacia.[*’

However, a recent systematic review and meta-analysis of
randomized controlled trials in healthy children with normal
levels of Vitamin D concluded that Vitamin D supplementation
is unlikely to be effective in improving BMD in healthy children
and adolescents. However, on subgroup analysis, it was found
that supplementation of deficient children may be clinically
useful, especially in the lumbar spine and total body bone mineral
content.[*

Bisphosphonates

Bisphosphonates are usually reserved for the treatment of
high fracture risk patients. In addition, bisphosphonates may
be required in cases where the response to Vitamin D is found
to be inadequate. In one of the recent studies in patients on
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AEDs, supplementation of calcium and Vitamin D in addition
to risedronate resulted in improvement of BMD in more than
69% of male veterans.*¥l

Dietary and lifestyle modifications

Nonpharmacological measures such as alteration of lifestyle
may play an important role in improving the bone health in
patients on AEDs. Regular physical activity, well-balanced diet
with sufficient protein intake, cessation of both smoking and
excessive alcohol intake should be stressed on.!*I The Scottish
Intercollegiate Guidelines Network recommends that patients
taking both liver enzyme- and nonliver enzyme-inducing AEDs
should receive dietary and lifestyle advice to reduce osteoporosis
risk." Seizure control is equally important and strategies to
prevent falls should be introduced.

Investigations and monitoring

It is generally recommended that serum 25(OH)D levels
should be measured before the initiation of treatment and
then at 612 months in patients on long-term treatment with
enzyme-inducing AEDs. Monitoring of biochemical markers
of bone turnover is not recommended in routine clinical
practice.”” The National Institute for Clinical Excellence (NICE)
recommends the tests of bone metabolism every 2-5 years for
adults taking liver enzyme-inducing AEDs.P! Findings from a
recent meta-analysis addressing the use of AED and effect on
BMD and bone metabolism in children (comprised 22 studies
with 1492 subjects) indicate that AED treatment reduces the
BMD in children, and BMD monitoring should be advocated
for epileptic children with high risk for abnormal bone health.?

Due to consideration should be paid in the selection of AED for
treating a newly diagnosed patient with epilepsy keeping in mind
who are at risk for bone loss or have bone disease and the growing
list of options available. Further investigations of newer AEDs
to assess their long-term effects on bone are essential. Even in
the absence of evidence, it seems reasonable to give supplements
and maintain levels of 25(OH)D and further research is needed
to clarify the particular subgroups, dosages, and other factors
that may influence the effects of AEDs on BMD and bone
metabolism. There is a compelling need of formulation of
guidelines for treatment and prevention of AEDs-induced bone
loss based on randomized clinical trials.
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