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Abstract

Purpose—To evaluate whether exposure to CYP3A4 inducing antiepileptics increases fracture 

risk compared to CYP3A4 non-inducing antiepileptics.

Methods—We performed a retrospective cohort study of initiators of antiepileptic agents using a 

UK medical record database (The Health Improvement Network) from 1995 to 2007. We 

considered an antiepileptic user an initiator if he/she had not received a prescription for an 

antiepileptic agent within the first year after entry in the database. Proportional hazards regression 

was used to calculate hazard ratios for fracture during long-term (≥6 months) exposure to 

CYP3A4 inducing versus CYP3A4 non-inducing antiepileptics.

Results—We identified 4,077 initiators of CYP3A4 inducing antiepileptics and 6,433 initiators 

of CYP3A4 non-inducing antiepileptics with at least 6 months of antiepileptic exposure. During 

6,006 person-years exposed to CYP3A4 inducing antiepileptics, 118 fractures were identified, for 

an incidence rate of 1.96 (95% CI: 1.63–2.35) fractures per 100 person-years. During 7,184 

person-years exposed to CYP3A4 non-inducing antiepileptics, 127 fractures were identified, for 

an incidence rate of 1.77 (95% CI: 1.47–2.10) fractures per 100 person-years. The adjusted hazard 

ratio for CYP3A4 inducing antiepileptic versus CYP3A4 non-inducing antiepileptic was 1.21 

(95% CI: 0.93–1.56). No duration-response relationship was evident.
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Conclusions—Our results do not support the hypothesis that CYP3A4 induction by antiepileptic 

agents increases the fracture risk. Further research will be needed to evaluate whether mechanisms 

other than CYP3A4 induction might explain some of the elevated risk of fractures associated with 

long-term use of antiepileptic agents.
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Introduction

Epilepsy is a common neurological disease with an incidence rate of 44 new cases per 

100,000 person-years.1 Most patients with epilepsy are treated with antiepileptic agents. 

Although up to 70% of patients can become seizure free with appropriate treatment,2 

adverse events are very common during antiepileptic therapy. One of the more well known 

adverse effect of antiepileptic therapy is an increased risk of fractures, which is thought to 

be more common during treatment with the older antiepileptic agents including 

carbamazepine, phenobarbital, phenytoin, primidone, and valproic acid,3–5 This increased 

fracture risk can have serious consequences. For example, the mortality rate during the first 

year after a hip fracture is 20%.6, 7 One of the main biological mechanisms that has been 

postulated to explain the elevated fracture risk during exposure to older antiepileptics is 

induction of the CYP3A4 enzyme, which might result in increased metabolism of the active 

form of vitamin D to inactive forms.8 Antiepileptic agents that can induce CYP3A4 are 

carbamazepine, phenobarbital, phenytoin, and primidone, and at very high concentrations, 

oxcarbazepine and topiramate.9 However other mechanisms might increase the fracture risk, 

as valproic acid (which does not induce CYP3A4) has also been associated with an 

increased fracture risk4, 5 and reduced bone mineral density10, 11 which could be due to 

increased bone turnover.12

No prior studies have evaluated whether the risk of fracture is higher during long-term 

exposure to CYP3A4 inducing antiepileptics compared to CYP3A4 non-inducing 

antiepileptics. Therefore, we sought to evaluate whether exposure to CYP3A4 inducing 

antiepileptics was associated with an elevated risk of all-site fractures versus CYP3A4 non-

inducing antiepileptics. Since several studies have shown that patients with low vitamin D 

levels have an increased risk of osteoporotic fractures,13–15 we also performed subanalyses 

evaluating the risk of fracture in bone sites (i.e., forearm and hip) more likely to break 

because of osteoporosis.

Methods

We conducted an observational cohort study using data from The Health Improvement 

Network (THIN) from 1995 to 2007. THIN is a database contains electronic medical records 

from over 380 UK general medical practices, and covers more than 1500 general 

practitioners (GPs).16 In total, the database consist of approximately 6 million patients and 

55 million person-years of follow-up.17 Contributing GPs are trained to record information 

using the Vision system (In Practice Systems; London, UK). Data recorded in THIN include 
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demographic information, prescriptions written by GPs, medical diagnoses (including those 

resulting from referrals to specialists), lifestyle characteristics, laboratory data, and free text 

comments. The protocol was approved by the University of Pennsylvania’s Institutional 

Review Board.

Eligible persons in this cohort study

Only antiepileptic initiators 18 years and older, who had not received a prescription for an 

antiepileptic agent within the first year after initial appearance in the database were included 

in this study. Further, all new antiepileptic users need to have at least 6 months of 

antiepileptic therapy.

Selection of CYP3A4 inducing antiepileptics and CYP3A4 non-inducing antiepileptic 
exposed person-time

We classified antiepileptics into two distinct groups: 1) the primary drug group of interest, 

which consisted of all antiepileptic agents that induce CYP3A4: carbamazepine, 

phenobarbital, phenytoin, and primidone; and 2) the reference (comparator) group which 

consisted of all antiepileptic agents that do not induce CYP3A4: acetazolamide, clobazam, 

clonazepam, ethosuximide, gabapentin, lamotrigine, levetiracetam, piracetam, tiagabine, and 

vigabatrin; and agents that induce CYP3A4 only at very high concentrations: oxcarbazepine 

and topiramate.9 A priori, we assumed that exposure to either oxcarbazepine and topiramate 

would not increase the fracture risk by CYP3A4 induction, and therefore included these 

agents in the reference group in the primary analysis. In a sensitivity analyses, we excluded 

all person-time during exposure to these drugs to evaluate the sensitivity of the results to 

violations of this assumption. Further, we excluded any valproic acid exposed time, because 

other studies had shown that valproic acid was associated with an elevated fracture risk,4, 5 

which might not be due to a CYP3A4 induction mechanism. Therefore, we ended an 

observation on the date a patient received a prescription for valproic acid. In a sensitivity 

analysis, we included valproic acid exposed time in the reference group. If a patient received 

on the same day a prescription for CYP3A4 inducing antiepileptic and a prescription for 

CYP3A4 non-inducing antiepileptic, person-time was contributed only for the CYP3A4 

inducing agent.

Follow-up started after six months of exposure to either the antiepileptic group of interest or 

the reference group, and all antiepileptic initiators with a fracture during the first six months 

of antiepileptic therapy were excluded. The rationale for not including the first six months of 

antiepileptic therapy was to exclude fractures less likely to be due to osteoporosis and more 

likely to be due to central nervous system effects of anti-epileptic drugs or to seizures18 

which might still be present during the initial treatment phase. In a sensitivity analysis, we 

also evaluated the fracture risk after one and two years of cumulative antiepileptic exposure.

Only person-time during active prescriptions for an antiepileptic agent was studied. The 

average number of days between consecutive prescriptions for an antiepileptic agent 

prescribed to the same patient was 28–30 days for all antiepileptic agents. Therefore, we 

assumed that the maximum duration of an antiepileptic prescription was 30 days. In 

sensitivity analyses, we assumed that the maximum duration of an active antiepileptic 
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prescription was 60 and 90 days. The rationale for extending the eligible person-time was to 

allow for potential non-adherence to antiepileptic therapy and include events that may have 

occurred shortly after discontinuation of therapy.

The follow-up period ended on the date a patient received a diagnosis for the outcome of 

interest or had a censoring event. The following events were considered censoring events: 

transfer out of practice, death, end of study period, switching to another antiepileptic group 

(e.g., CYP3A4 inducing antiepileptic to CYP3A4 non-inducing antiepileptic), and 

discontinuation of a practice within THIN.

Identification of fracture events

We identified all-site fractures in antiepileptic drug initiator cohort using Read codes. 

Further, we identified all hip or forearm fractures. The codes lists used to identify study 

outcomes are available upon request from the authors. In the General Practice Research 

Database (a similar UK medical record database), fracture codes have been shown to have a 

high level of completeness and validity.19

Ascertainment of potential confounding factors

Three types of potential confounding factors were ascertained prior to the start of 

antiepileptic therapy: 1) demographic factors, measured at the start of antiepileptic therapy; 

2) diseases, defined as ever in the past; and 3) use of drugs, defined as ever in the past. As 

demographic factors we included, age, gender, index calendar year, body mass index, and 

smoking history. As disease confounders we considered: epilepsy, bipolar disease, bulimia 

nervosa, chronic obstructive pulmonary disease/asthma, cancer, Cushing’s disease, 

dementia, depression, diabetes, heart failure, hypertension, inflammatory bowel disease/

celiac disease, impaired mobility, insomnia, liver disease, myocardial infarction, 

osteomalacia, Parkinson’s disease, Paget’s disease, peripheral vascular disease, renal 

disease, rheumatoid arthritis, schizophrenia, stroke, vision loss, and vestibular disorder. As 

potential drug confounders we considered: angiotensin converting enzyme inhibitors, 

alpha-1-adrenergic blockers, amiodarone, antidepressants, antihistamines, anti-Parkinson 

agents, barbiturates, benzodiazepines, beta-2-adrenergic antagonists, beta-blockers, 

bisphosphonates, calcitonin, calcium, calcium channel blockers, corticosteroids, digoxin, 

histamine H2 antagonists, hormone replacement therapy, hypnotics, lithium, nitrates, oral 

contraceptives, proton pump inhibitors, statins, thiazide diuretics, thyroid hormones, and 

vitamin D supplements.

Statistical Analysis

First, baseline characteristics were examined. Then, the incidence rate for the outcome of 

interest during exposure to CYP3A4 and CYP3A4 non-inducing antiepileptics was 

calculated. A Cox proportional hazard model was used to estimate the hazard ratio (HR) and 

95% CIs for the association between fractures and long-term exposure (defined as at least 6 

months of use) to CYP3A4 inducing versus CYP3A4 non-inducing antiepileptic agents. The 

minimally adjusted model included age and gender. We then examined each potential 

confounding factor individually; if a factor changed the HR of interest of the minimally 

adjusted model by 5% or more, it was retained in the fully-adjusted model.20 To determine 
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whether a potential effect of confounding factors was missed, we compared the results of the 

fully adjusted model with the model that included all potential confounders. Further, we 

evaluated using a Cox proportional hazard model the association between hip and forearm 

fractures and long-term use of CYP3A4 inducing versus CYP3A4 non-inducing 

antiepileptic agents.

We evaluated in secondary analyses whether the association differed by gender or age. 

Further, to evaluate whether our results might have been confounded by disease severity, we 

determine whether the association was different between users who had received versus not 

received an epilepsy diagnosis during follow up, and had one or ≥ two active antiepileptic 

prescriptions. Furthermore, we evaluated whether the association differed between users 

who had a fracture prior to initiation of antiepileptic therapy. All analyses were performed 

using SAS version 9.1 (SAS Institute, Cary, NC).

Results

In total, we identified 4,077 CYP3A4 inducing antiepileptic initiators and 6,433 CYP3A4 

non-inducing antiepileptic initiators (excluding valproic acid) with at least six months of 

antiepileptic exposure. The characteristics of initiators of CYP3A4 inducing and CYP3A4 

non-inducing antiepileptic agents of a selected group of variables are shown in Table 1.

The 4,077 CYP3A4 inducing antiepileptic initiators contributed a total of 6,006 person-years 

exposed to CYP3A4 inducing antiepileptic agents. During this period, 118 fractures were 

identified, which resulted in an incidence rate of all-site fractures of 1.96 per 100 person-

years (95% CI: 1.63–2.35). The incidence rate for hip- or forearm fracture (n=9) was 0.15 

per 100 person-years (95% CI: 0.07–0.28). The 6,433 CYP3A4 non-inducing antiepileptic 

initiators contributed a total of 7,184 person-years exposed to CYP3A4 inducing 

antiepileptic agents, and during this period, 127 all-site fractures were identified. The 

incidence rate of all-site fractures during long-term CYP3A4 non-inducing antiepileptic 

therapy was 1.77 per 100 person-years (95% CI: 1.47–2.10). The incidence rate for hip-or 

forearm fracture (n=6) was 0.08 per 100 person-years (95% CI: 0.03–0.18). In total, 97 

fractures occurred during the first six months of CYP3A4 inducing antiepileptic therapy, and 

138 fractures during the first six months of CYP3A4 non-inducing antiepileptic therapy.

The age- and gender-adjusted HR of all-site fracture for CYP3A4 inducing antiepileptics 

versus CYP3A4 non-inducing antiepileptics was 1.18 [95% CI: 0.92–1.54]). After adjusting 

for all confounders that changed the HRs of interest by 5% or more (i.e., insomnia, 

rheumatoid arthritis, use of antidepressant, use of calcium, body mass index, and having had 

a fracture prior to initiation of antiepileptic therapy), the HR was 1.21 (95% CI: 0.93–1.56). 

Results were similar in a model adjusting for all potential confounders (data not shown). 

There was no apparent relationship between duration of use of CYP3A4 inducing agents and 

fracture occurrence (Table 2). Further, the overall results were unchanged in subgroups 

defined by age, gender, and presence of an epilepsy diagnosis (Table 3). The HR was 

numerically higher in those with no previous fracture (HR: 1.34 [95% CI: 0.99–1.82]) than 

those with a fracture history (HR: 0.93 [95% CI: 0.58–1.50]), but this potential difference is 

consistent with chance (p=0.20) (Table 3).
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Extending the requirement of minimum duration of antiepileptic therapy to at least one year 

also did not change the results (age and gender adjusted HR: 1.18 [95% CI: 0.80–1.51] and 

fully adjusted HR: 1.17 [95% CI: 0.85–1.61]). No difference in fracture risk was found after 

at least 2 years of antiepileptic therapy (age and gender adjusted HR: 0.89 [95% CI: 0.55–

1.44 and fully adjusted HR: 0.99 [95% CI: 0.60–1.64]). In addition, exclusion of all exposed 

person-time with two or more active antiepileptic prescriptions (fully adjusted HR = 1.23 

[95% CI: 0.95–1.59]) or exclusion of agents that can only potentiate CYP3A4 when 

prescribed at high concentrations from the reference group (fully adjusted HR = 1.21 [95% 

CI: 0.93–1.56]) did not change the results. Adding valproic acid exposure to the reference 

group slightly reduced the HR for CYP3A4 inducing agents to 1.12 (95% CI: 0.89–1.41). 

The results were similar when we assumed that the maximum duration of a prescription 

lasted for 60 and 90 days instead of 30 days (data not shown).

CYP3A4 inducing antiepileptic initiators treated for at least 6 months had a non-statistically 

significant 1.71 (95% CI: 0.60–4.87) increased odds of hip or forearm fractures compared to 

CYP3A4 non-inducing initiators after adjusting for age and gender. There were insufficient 

number of events (n=15) to adjust for potential confounding factors besides age and gender. 

Excluding patients with a fracture prior to initiation of antiepileptic therapy, the HR was 

2.44 [95% CI: 0.73–8.17]).

Discussion

We found no statistically significant increased rate of all-site fracture during long-term 

exposure to CYP3A4 inducing versus CYP3A4 non-inducing antiepileptics. Further, no 

duration-response relationship was evident. The HR of fractures at sites more likely to break 

from osteoporosis fractures, i.e., forearm and hip (13–15), was 1.71 (95% CI: 0.60–4.87), 

which is consistent with the underlying biological hypothesis, but also consistent with 

chance.

No prior study has evaluated whether the fracture risk is increased in patients exposed to 

long-term CYP3A4 inducing versus CYP3A4 non-inducing antiepileptics. Although our 

results do not rule out the hypothesis that hepatic CYP3A4 enzyme inducing antiepileptics 

account in part for the association between fractures and antiepileptic use,21 CYP3A4 

induction might not be the only mechanism that could increase the fracture risk. The 

potential 21% increase in the fracture risk is considerably less a previous estimate of 50% 

increased fracture risk in patients with epilepsy from non-seizure related causes.22 

Nonetheless, based on the upper 95% confidence limit, we can only rule out an increase 

fracture risk of greater than 55% associated with long-term exposure to CYP3A4 inducing 

antiepileptics.

The main limitation of this study is the low number of fractures, especially hip or forearm 

fractures, in patients with at least six months of antiepileptic therapy which reduced our 

power to find an association. A priori, we had not expected that nearly half of all fractures 

would have occurred during the first 6 months of antiepileptic therapy. One potential 

explanation could be that antiepileptic agents tend to have neurotoxic side effects including 

dyscoordination, potentially leading to more falls and fractures. Another possibility is that 
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these patients might have had more frequent or severe seizures in the time after initiation of 

antiepileptic therapy.18 Further, because of the limited number of patients with long-term 

exposure we needed to combine different antiepileptic agents into two groups. This limited 

our ability to evaluate whether there was dose-response relationship. Another limitation is 

that the results may not be generalizable to children. Further, as this was a non-randomized 

study, unmeasured confounding (e.g., long-term use of bisphosphonates) might have 

influenced our results. Nonetheless, our results suggest that adjusting for measured 

confounders hardly changed the HR of interest. A fifth limitation is that physicians might 

have been more likely to treat patients with seizures who had a history of fractures and 

vitamin D depletion with CYP3A4 non-inducing antiepileptics than CYP3A4-inducing 

antiepileptics.

In conclusion, this study showed no statistically significant increased risk of all-site fracture 

during long-term exposure with CYP3A4 inducing versus CYP3A4 non-inducing 

antiepileptics. Our data suggest that potentially other mechanisms, besides CYP3A4 

induction, may increase fracture risk during long-term antiepileptic exposure. Nonetheless, 

further research is needed to determine whether antiepileptic agents increase the fracture 

risk, and to try to elucidate the underlying biological mechanism.
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Take-home points

• There was no statistically significant increased rate of all-site fracture during 

long-term exposure to CYP3A4 inducing compared to CYP3A4 non-inducing 

antiepileptics

• No duration-response relationship was evident.

• Our data suggest that other mechanisms, besides CYP3A4 induction, may 

increase fracture risk.
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Table 1

Baseline characteristics of CYP3A4 inducing antiepileptic initiators and CYP3A4 non-inducing antiepileptic 

initiators with at least 6 months antiepileptic exposure.

Variables CYP3A4 inducing antiepileptics 
initiators

N=4077

CYP3A4 non-inducing antiepileptics 
initiators

N=6433

P

Mean age (25–75%) 57 (43–72) 58 (45–71) 0.05

Female 2121 (52.0%) 3764 (58.5%) <0.001

Fracture prior to start antiepileptic therapy 101 (2.5%) 137 (2.1%) 0.24

Epilepsy diagnosis 1582 (38.8%) 607 (9.4%) <0.001

Body mass index <0.001

 < 20 kg/m2 235 (5.8%) 337 (5.2%)

 20–30 kg/m2 2180 (53.5%) 3566 (55.4%)

 > 30 kg/m2 685 (16.8%) 1523 (23.7%)

 Missing 977 (24.0%) 1007 (15.7%)

Past or current smoker 1773 (43.5%) 3215 (50.0%) <0.001

Past or current heavy alcohol user 281 (6.9%) 252 (3.9%) <0.001

Bipolar disease 165 (4.1%) 95 (1.5%) <0.001

COPD or Asthma 697 (17.1%) 1324 (20.6%) <0.001

History of cancer 326 (8.0%) 646 (10.1%) <0.001

Dementia 170 (4.2%) 97 (1.2%) <0.001

Depression 1628 (39.9%) 2840 (44.2%) <0.001

Diabetes 492 (12.1%) 1189 (18.5%) <0.001

Hypertension 1239 (30.4%) 2195 (34.1%) <0.001

Impaired Mobility 39 (1.0%) 82 (1.3%) 0.14

Insomnia 705 (17.3%) 1352 (21.0%) <0.001

Chronic Liver Disease 70 (1.7%) 97 (1.5%) 0.40

Myocardial Infarction 236 (5.8%) 402 (6.3%) 0.34

Parkinson Disease 56 (1.4%) 152 (2.4%) <0.001

Peripheral Artery Disease 250 (6.1%) 576 (9.0%) <0.001

Renal Disease 95 (2.3%) 263 (4.1%) <0.001

Rheumatoid Arthritis 168 (4.1%) 433 (6.7%) <0.001

Stroke 788 (19.3%) 720 (11.2%) <0.001

Vestibular Disorder 271 (6.7%) 566 (8.8%) <0.001

Vision Impaired 512 (12.6%) 971 (15.1%) <0.001

Use of ACE-inhibitors 615 (15.1%) 1103 (17.2%) <0.001

Use of antidepressants 1169 (28.8%) 2398 (37.3%) <0.001

Use of calcium 159 (3.9%) 392 (6.1%) <0.001

Use of calcium channel blockers 478 (11.7%) 839 (13.0%) 0.05

Use of corticosteroids 256 (6.3%) 477 (7.4%) 0.03

Use of statins 881 (21.6%) 1585 (24.6%) <0.001

Use of thiazide diuretics 371 (9.1%) 607 (9.4%) 0.56
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Variables CYP3A4 inducing antiepileptics 
initiators

N=4077

CYP3A4 non-inducing antiepileptics 
initiators

N=6433

P

Use of thyroxine 261 (6.4%) 437 (6.8%) 0.43

Use of Vitamin D 160 (3.9%) 394 (6.1%) <0.001
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Table 2

Duration response relationship between exposure to CYP3A4 inducing antiepileptics compared to non-

CYP3A4 inducing antiepileptics and all-site fractures.

Cumulative duration of antiepileptic therapy Minimally adjusted HR (95% CI)* Fully adjusted HR (95% CI)†

6 months – 12 months 1.35 (0.88–2.06) 1.29 (0.85–1.96)

12 months – 24 months 1.28 (0.85–1.94) 1.30 (0.84–1.99)

24+ months 0.89 (0.55–1.44) 0.99 (0.60–1.64)

HR = Hazard ratio; CI = confidence interval

*
adjusted for age and gender

†
adjusted for age, gender, insomnia, rheumatoid arthritis, us of antidepressant, use of calcium, body mass index, and fracture prior to initiation of 

antiepileptic therapy
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Table 3

Stratified analysis and the risk of all-site fractures during exposure to CYP3A4 inducing antiepileptic 

compared to non-CYP3A4 inducing antiepileptics.

Variable Fully adjusted HR (95% CI)* Interaction P value

Gender male HR = 1.34 (0.87–2.06)
female HR = 1.23 (0.90–1.69)

0.76

Age 19–64 year olds HR = 1.25 (0.88–1.79)
65 year and older HR = 1.17 (0.81–1.68)

0.79

Epilepsy diagnosis in record epilepsy diagnosis HR = 1.13 (0.60–2.15)
no epilepsy diagnosis HR = 1.19 (0.88–1.61)

0.88

Fracture prior to initiation of antiepileptic prior fracture: HR = 0.93 (0.58–1.50)
no prior fracture HR = 1.34 (0.99–1.82)

0.20

HR = Hazard ratio; CI = confidence interval

*
adjusted for age, gender, insomnia, rheumatoid arthritis, us of antidepressant, use of calcium, body mass index, and fracture prior to initiation of 

antiepileptic therapy
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