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Summary: Purpose: To compare the incidence of various frac-
tures in a cohort of patients with epilepsy with a reference cohort
of patients not having epilepsy.

Methods: Patients were included in the epilepsy cohort if they
had at least one diagnosis of epilepsy in their medical history and
had sufficient evidence of “active” epilepsy (use of antiepilep-
tic drugs, diagnoses) after the practice was included in the Gen-
eral Practice Research Database (GPRD). Two reference patients
were sampled for each patient with epilepsy from the same prac-
tice. Primary outcome was the occurrence of any fracture during
follow-up. Poisson regression analysis was used to estimate in-
cidence density ratios (IDRs).

Results: The study population comprised 40,485 and 80,970
patients in the epilepsy and reference cohorts, respectively. The
median duration of follow-up was ∼3 years. The overall inci-

dence rate in the epilepsy cohort was 241.9 per 10,000 person-
years. This rate was about twice as high as that in reference
cohort: age- and sex-adjusted IDR, 1.89 (95% CI, 1.81–1.98).
When comparing IDRs among the different groups of fractures,
the highest relative-risk estimate was found for hip and femur
fractures (adjusted IDR, 2.79; 95% CI, 2.41–3.24). IDRs were
consistently elevated across age and sex groups and across frac-
ture subtypes.

Conclusions: The overall risk of fractures was nearly twice
as high among patients with epilepsy compared with the gen-
eral population. The relative fracture risk was highest for hip
and femur. Further study is necessary to elucidate whether this
elevated risk is due to the disease, the use of antiepileptic
drugs, or both. Key Words: Epilepsy—Incidence—Fracture—
Population-based study—Cohort study—Epidemiology.

Epilepsy is a common chronic neurologic disease that
requires long-term management and imposes a significant
burden on health-care systems (1,2). A meta-analysis by
Kotsopoulos et al. (3) using data from 40 incidence studies
showed a median incidence rate for epilepsy and unpro-
voked seizures of 47 per 100, 000 person-years. The inci-
dence is highest in childhood and reaches a second peak
in the elderly (60 years and older) (3).

Fractures are an important concern from a public health
perspective, given their frequency and clinical conse-
quences. It is difficult to establish the total cost associated
with fractures. Most research has been conducted on hip
fractures, as this type of fracture is one of the most se-
rious fractures (4,5). For hip fractures alone, it has been
estimated that in the United Kingdom, the total cost to
society is almost £726 million per annum (6).
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From the medical literature, it is known that pa-
tients with epilepsy have an increased risk of fractures
compared with the general population (7). Some stud-
ies have found that this increased risk was related to
seizures (8), whereas others found that the fracture risk
was independent of seizure activity (9). In addition, use
of antiepileptic drugs (AED) has emerged as an inde-
pendent risk factor for fractures (10). The underlying
mechanism may be an AED-induced decrease of bone
mineral density, increasing fracture risk (11,12), and/or
sedative effects attributable to AEDs, leading to falls
(13).

However, all these studies had either relatively small
sample sizes, where not population-based, or had lim-
ited power to evaluate different fracture types. To our
knowledge, the incidence of fractures among epilepsy
patients has never been assessed in a large primary-
care setting. Therefore the objective of this study was to
compare the incidence of various fractures in a cohort
of patients with epilepsy with a nonepilepsy reference
cohort.
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PATIENTS AND METHODS

Setting
General practitioners (GPs) play a key role in the health-

care system in the United Kingdom, as they are responsible
for primary health care and are gatekeepers for secondary
care. The information in this study was obtained from the
General Practice Research Database (GPRD), which con-
tains the computerized medical records of ∼650 general
practices. Approximately 5 million of the total registered
population of England and Wales is represented in the
database. The data accrued in the GPRD include demo-
graphic information about the patient, diagnoses, prescrip-
tion details, preventive care provided, referrals to special-
ist care, hospital admissions, and their major outcomes
(14). Clinical data are stored and retrieved by means of
Oxford Medical Information Systems (OXMIS) and Read
codes for diseases or causes of morbidity and mortality
that are cross-referenced to the International Classification
of Diseases (ICD-9). Only data from practices that pass
quality control are compiled to form the GPRD database.
Several independent validation studies have shown that the
GPRD database has a high level of completeness and valid-
ity (14). A validation study by Van Staa et al. (15) reported
a high validity of the GPRD with respect to fractures. Hip
fractures were confirmed by the GP on a questionnaire in
91.0% and vertebral fractures in 88.1% of fracture cases.
However, vertebral fractures are often asymptomatic and
might not appear in the GPRD. The GPRD is owned by the
U.K. Department of Health and managed by the Medicines
Control Agency (16). New software was introduced in GP
practices in 1999, and no newer data were considered in
this study, as the continuity of patient histories was lost
since then.

Study population
The study period covered a period from January 1, 1990,

to December 31, 1998. The source population comprised
all permanently registered patients in the GRPD. All pa-
tients with at least one diagnosis relating to the presence of
epilepsy in their medical records were identified. Patients
were included in the epilepsy cohort if there was sufficient
evidence in the medical records of “active” epilepsy. To
assess whether the patient had such active epilepsy during
GPRD follow-up, two scenarios were distinguished.

In the first scenario, patients had a diagnosis of epilepsy
before the start of inclusion of the practice in the GPRD.
This is possible because all practices are required to regis-
ter all relevant medical events in the patients’ medical his-
tory. However, when patients had a diagnosis of epilepsy
in the past only, it could mean that they were symptom
free at the time GPRD follow-up commenced. Therefore
to be eligible for inclusion in the cohort, this category of
patients was required to have at least one additional diag-
nosis of epilepsy or, alternatively, have a prescription for
one of four main AEDs [carbamazepine (CBZ), sodium

valproate (VPA), phenytoin (PHT), or phenobarbital (PB)]
or ethosuximide (ESM) after the inclusion of the practice
in the GPRD. Follow-up for these patients started at the
first date of evidence for epilepsy after the inclusion of
the practice in the GPRD (either the date of the epilepsy
diagnosis or the prescription date). This date marked the
start of follow-up. All patients with a diagnosis of epilepsy
before the start of follow-up were classified having a non-
specified type of epilepsy, as the quality and continuity of
this historical diagnosis were deemed to be uncertain.

In the second scenario, patients had a first diagnosis of
epilepsy after the practice was included in the GPRD. “Ac-
tive” epilepsy was assumed if at least one prescription for
one of the five AEDs mentioned earlier was issued within
1 year after, but not on the date of the first epilepsy diag-
nosis, or if another diagnosis of epilepsy was registered
within this period. Follow-up for these patients started at
the date of the first epilepsy diagnosis. For all patients, the
epilepsy status was monitored in yearly intervals. When a
patient did not show any disease activity, as indicated by
a prescription for any of the five drugs mentioned ear-
lier or an epilepsy diagnosis in the year following the
first 365 days after the start of follow-up, patients were
censored. Furthermore, censoring occurred at the end of
GPRD follow-up for the patient, at the first occurrence
of a fracture during follow-up, or at the end of the study
period.

The reference cohort included patients, randomly se-
lected from the source population from those patients who
did not have an epilepsy diagnosis at any point. To en-
sure active registration in the GPRD, all patients in the
reference cohort had at least one entry in the GPRD af-
ter the start of GPRD follow-up. Two patients not hav-
ing epilepsy were randomly sampled for each patient with
epilepsy from the same GP practice and assigned the same
follow-up start date.

Outcome definition
In the patients’ medical records, the first occurrence

of a fracture during GPRD follow-up was identified
through relevant OXMIS en Read codes, which were
subsequently converted to ICD-9 codes. The following
classification scheme was applied: skull (ICD-9 cate-
gories 800–804), vertebra (805–806), rib (807), pelvis
(808), clavicle (810), scapula (811), humerus (812), ra-
dius/ulna (813), hand (814–817), femur/hip (820/821),
patella (822), tibia/fibula/ankle (823/824), foot (825/826),
or unspecified fractures (809, 818, 819, 827–829). For
practical purposes, fracture sites were categorized in a
smaller number of groups: hip/femur, radius/ulna/hand,
tibia/fibula/ankle/foot, and other fractures (including ver-
tebral fractures).

Data analysis
All patients in the epilepsy and reference cohorts were

monitored from the start of follow-up until the first
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occurrence of a fracture, the end of their registration in
the GPRD, or the end of “active” (diagnoses/treatment)
epilepsy. Incidence rates were calculated as the number
of fractures divided by person-time. We stratified accord-
ing to age (in three groups: younger than 20, 20–49, and
50 years or older) and sex. Crude incidence density ra-
tios (IDRs) and 95% confidence intervals (95% CI) were
calculated by dividing the incidence rate in the epilepsy
cohort by the incidence rate in the reference cohort. Pois-
son regression analysis was used to estimate adjusted
IDRs. Based on a background fracture incidence rate of
100/10,000 person-years and a conservative assessment
of the number of patients with epilepsy in the GPRD, a
prestudy power calculation indicated that a sufficient num-
ber of patients with epilepsy would be available to detect
a relative risk of 1.3 (alpha, 0.05; power, 0.95). Potential
confounders evaluated in this study were history of frac-
tures before GPRD follow-up and diagnosis of epilepsy
before GPRD follow-up. Risk estimates were calculated
for all fractures and for fracture subgroups. Data analysis
was conducted with SAS, version 8.2 (Cary, NC, U.S.A.),
and STATA, version 7.0 (College Station, TX, U.S.A.).

RESULTS

In the source population of ∼5 million people, 59,279
patients with at least one epilepsy diagnosis and recorded

TABLE 1. Characteristics of the epilepsy (n = 40,485) and control cohort (n = 80,970)

Epilepsy cohort Reference cohort
Characteristic (n = 40,485) (n = 80,970)

No. (%) No. (%)
Age (median) 39.1 yrs 34.1 yrs
Age (years)

< 20 7,695 (19.0) 20,745 (25.6)
20–49 18,185 (44.9) 36,105 (44.6)
≥50 14,605 (36.1) 24,120 (29.8)

Gender
Male 20,252 (50.0) 38,224 (47.2)
Female 20,233 (50.0) 42,746 (52.8)

Median duration of follow-up 3.0 yrs 3.3 yrs
History of fractures before cohort entry 4,749 (11.7) 6,162 (7.6)

Diagnosis of epilepsy before practice up to standard 23,791 (58.8)

Type of epilepsy ∗
Nonspecific 36,153 (89.3)
Partial epilepsy 1,379 (3.4)

- Temporal lobe epilepsy 976 (2.4)
- Jacksonian Seizure 370 (0.9)
- Other/unspecified partial epilepsy 33 (0.1)

Generalized epilepsy 2,631 (6.5)
- Absence (petit mal) 1,059 (2.6)
- Tonic-clonic (grand mal) 1,509 (3.7)
- Other/unspecified generalized epilepsy 63 (0.2)

Status epilepticus 322 (0.8)

∗First diagnosis of epilepsy after the start of GPRD qiuality up to date; if patients had a diagnosis of epilepsy
prior to the start of GPRD follow-up only, the type of epilepsy was classified as nonspecific.

age and gender details were identified. A total of 40,485
patients (0.8%) met the definition for “active” epilepsy and
were included in the epilepsy cohort. The reference cohort
comprised 80,970 patients who did not have epilepsy. The
characteristics of the epilepsy and reference cohorts are
displayed in Table 1. The median age was significantly
higher in the epilepsy cohort compared with that in the
reference cohort (39.1 vs. 34.1 years), whereas the dis-
tribution of males and females was similar. The median
duration of follow-up was slightly higher in the reference
cohort (3.3 vs. 3.0 years). The proportion of patients with
a history of a fracture before the start of follow-up was
higher among epilepsy patients than among patients not
having epilepsy (11.7% and 7.6%, respectively). Nearly
60% (n = 23,791) of the patients in the epilepsy cohort had
a first diagnosis of epilepsy before the practice started con-
tributing to the GPRD, and for 43.0% of those patients, no
further epilepsy diagnoses were registered after the prac-
tice was included in the GPRD. No difference was found
in gender distribution between incident and prevalent pa-
tients with epilepsy, but incident patients with epilepsy
were more often younger than 20 years at the start of
follow-up (27.2% vs. 13.3%), whereas the prevalent pa-
tients with epilepsy were more frequently aged between 20
and 59 years (45.6% vs. 61.4%), respectively. The major-
ity of the epilepsy diagnoses in the GP’s records were not
specified (89.3%; e.g., epilepsy convulsions and epileptic
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TABLE 2. Incidence rates of fractures in the epilepsy and reference cohort

Type of fracture Number of fractures Person-years Rate/10,000 person-years Crude IRR (95% CI) Adjusted IRR(95% CI)

Any fracture
Control 3,940 319,142 123.5 1.00 (Reference) 1.00 (Reference)
Epilepsy 3,478 143,754 241.9 1.96 (1.87–2.05) 1.89 (1.81–1.98)

Hip/femur fracture
Control 301 319,142 9.4 1.00 (Reference) 1.00 (Reference)
Epilepsy 436 143,754 30.3 3.22 (2.78–3.72) 2.79 (2.41–3.24)

Hand or radius/ulna fracture
Control 1,445 319,142 45.3 1.00 (Reference) 1.00 (Reference)
Epilepsy 1,101 143,754 76.7 1.69 (1.56–1.83) 1.70 (1.57–1.84)

Tibia, fibula, ankle or foot fracture
Control 749 319,142 23.5 1.00 (Reference) 1.00 (Reference)
Epilepsy 640 143,754 44.5 1.90 (1.71–2.11) 1.89 (1.70–2.10)

Other fractures
Control 1,491 319,142 46.7 1.00 (Reference) 1.00 (Reference)
Epilepsy 1,351 143,754 94.0 2.01 (1.87–2.17) 1.94 (1.80–2.09)

IRR, Incidence rate ratio, CI; Confidence interval,
∗Adjusted for age and sex.
Patients can have multiple fractures sites.

fit). Temporal lobe epilepsy was the most commonly diag-
nosed form of partial epilepsy (2.4%), whereas absences
and tonic–clonic seizures were the most common types of
generalized epilepsy.

Table 2 shows the overall incidence rates of fractures
in the epilepsy and the reference cohort. In the epilepsy
cohort, 3,489 fractures occurred during 143,754 person-
years of follow-up, yielding an overall incidence rate of
241.9 per 10,000 person-years. This rate was about twice
the incidence rate of the reference cohort (123.5/10,000
person-years). The crude IDR was 1.96 (95% CI, 1.87–
2.05), and decreased slightly to 1.89 (1.81–1.98) after ad-
justment for age and sex. Adjustment for history of frac-
tures did not affect risk estimates.

IDRs were consistently elevated across age and sex
groups and across fracture subtypes. The highest risk es-
timate was found for hip and femur fractures (adjusted
IDR, 2.79; 95% CI, 2.41–3.24). The adjusted IDRs for
fractures of the hand and arm, lower leg and foot, and
other fractures were 1.70 (95% CI, 1.57–1.84), 1.89 (95%
CI, 1.70–2.10), and 1.94 (95% CI, 1.80–2.09), respec-
tively. Figure 1 shows the age group–specific fracture in-
cidence rates for all and site-specific fractures, stratified
by sex. The corresponding IDR estimates are displayed in
Table 3. For all fractures, the incidence rates in both the
epilepsy and the reference cohort were higher in male than
in female patients in the age categories younger than 50
years. However, whereas the incidence decreased with age
among male patients, there was a sharp increase among
women aged 50 years and older. The corresponding IDRs
increased with age from 1.37 to 2.24 for male and 1.43 to
2.34 for female subjects, which is relevant, as the major-
ity of fractures occurred in the highest age group. Hip and
femur fractures were infrequent among patients younger
than 50 years, but a large difference in incidence between
those with and without epilepsy was observed in the old-

est age category. The IDRs in the younger than 50 year
group among male and female patients were 3.07 (95%
CI, 2.32–4.08) and 2.75 (95% CI, 2.30–3.29), respectively.
Fractures of the radius, ulna, and hand were particularly
common among boys younger than 20 years (incidence
rates, 138.4/10,000 person-years in the epilepsy cohort
and 95.1/10,000 person-years in the reference cohort).
Among male patients, the incidence of this type of fracture
decreased with age, whereas it increased in women older
than 50 years. The largest differences between the epilepsy
and control cohorts were in the highest age group, with risk
estimates in both sexes ∼2.2. The incidence rates of foot,
ankle, tibia, and fibula fractures decreased with age among
male, but increased among female patients. The point esti-
mates of the IDR slightly increased with age from 1.54 to
1.75 (male) and 1.96 to 2.23 (female patients). For other
fractures (including vertebral fractures), the similar inci-
dence increase among female subjects was observed. The
IDRs were ∼1.3 for male and female patients younger
than 20 years, and were around 2.3 in the middle and high
age groups for both sexes.

Table 4 shows the incidence rates and IDRs after strati-
fication on timing of the first epilepsy diagnosis. Patients
who had a first diagnosis of epilepsy after the start of
GPRD follow-up had a higher risk of fractures compared
with patients having a diagnosis before the start of GPRD
follow-up (adjusted IDR, 2.12; 95% CI, 1.95–2.30; and
1.80, 95% CI, 1.70–1.90, respectively). These findings
were similar for all fracture subtypes, except for fractures
of the foot, ankle, tibia, and fibula (see Table 4).

DISCUSSION

In this population-based study, we found that the risk
of fractures among patients with epilepsy was approxi-
mately twofold higher compared with general population
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FIG. 1. Incidence rates of fractures in the epilepsy and reference
cohort by age category and sex.

patients not having epilepsy. IDRs were consistently ele-
vated across age and sex groups and across fracture sub-
types. Of particular clinical relevance is our finding that
the risk of hip fractures was threefold increased in both
men and women aged 50 years and older. The fracture
incidence rates found in the reference cohort resemble the
rates reported by Van Staa et al. (17) in a large study on
the incidence of fractures in England and Wales.

A strength of this study is the large sample size, as
we studied >40,000 patients with epilepsy, enabling us to
look at different types of fractures. In the medical litera-
ture, other studies investigated incidences of fractures in
noninstitutionalized patients with epilepsy. The limitation
of these studies was either a relatively small sample size,
with the consequence that fracture-specific incidences or
risk estimates often could not be provided because of lack
of statistical power, or the fact that data were obtained
through interviews and questionnaires rather than rou-
tinely collected medical data, resulting in possible biases
due to selective nonresponse and recall problems, or both.
Annegers et al. (18) determined whether the number of
observed fractures in a cohort of 467 patients with un-
provoked seizures in Rochester, Minnesota, was higher
than expected. Standardized morbidity ratios were signif-
icantly increased for hip fracture, but not for distal fore-
arm fracture. Vestergaard et al. (8) found that the relative
risk of fractures was 2.0 (95% CI, 1.6–2.5) in a Danish
historical follow-up study comparing fracture incidence
among 345 epilepsy patients and 645 controls. Informa-
tion on fractures was obtained via questionnaires. Persson
et al. (7) found that the incidence of extremity fractures
among 177 epilepsy patients was 23.8/1,000 person-years
of observation, higher than expected (SMR, 2.39; 95% CI,
1.52–3.59) (7). The highest SMRs were found for men
aged 45 years and older, and in particular, for combined
hip, patellar, tibia, fibula, and foot fractures (7). However,
the number of patients having an extremity fracture in this
study was low (n = 20), and statistical power is therefore
low. Cummings et al. (10) identified use of AEDs as an in-
dependent risk factor for hip fracture in a cohort study of
9,516 white female subjects. Monitoring of hip-fracture
occurrence was done by telephone interviews and post-
cards. As the study did not focus on epilepsy, the number
of hip fractures among current users of AEDs totalled just
seven, and none of these fractures resulted from seizures
and loss of consciousness. Despite these articles, Mattson
and Gidal (19) noticed in a recent review that no prospec-
tive studies defined the frequency of fractures in patients
with epilepsy. Therefore the results of our study appear to
add on existing knowledge.

The main limitation of the study was that no opportunity
was found to interview patients directly on their epilepsy
status. To minimize the possibility of diluting the con-
trast between the epilepsy and reference cohorts, a rather
strict definition for inclusion in the epilepsy cohort was

Epilepsia, Vol. 46, No. 2, 2005



EPILEPSY AND FRACTURES 309

TABLE 3. Incidence Rate Ratios (IRR) for epilepsy versus reference cohort stratified by sex and age group

Men Women

Type of fracture # eventsa IRR (95% CI) # eventsa IRR (95% CI)

Any fracture
Age< 20 266/726 1.37 (1.22–1.55) 145/367 1.43 (1.26–1.64)
Age 20–49 742/814 1.95 (1.79–2.13) 445/410 2.04 (1.84–2.26)
Age ≥ 50 631/437 2.24 (2.04–2.47) 1,249/1,186 2.34 (2.18–2.52)

Hip/femur fracture
Age< 20 3/6 3.40 (1.22–9.47) 4/2 3.05 (1.08–8.57)
Age 20–49 16/9 5.56 (2.81–10.99) 15/3 4.98 (2.49–9.94)
Age ≥ 50 128/67 3.07 (2.32–4.08) 270/214 2.75 (2.30–3.29)

Hand or radius/ulnar fracture
Age< 20 129/322 1.40 (1.17–1.67) 59/179 1.37 (1.12–1.68)
Age 20–49 219/297 1.69 (1.45–1.97) 138/138 1.65 (1.38–1.98)
Age ≥ 50 165/107 2.23 (1.87–2.68) 391/401 2.19 (1.93–2.49)

Tibia, fibula, ankle or foot fracture
Age< 20 49/108 1.54 (1.15–2.07) 18/42 1.96 (1.41–2.73)
Age 20–49 153/185 1.63 (1.35–1.97) 133/138 2.08 (1.70–2.54)
Age ≥ 50 78/85 1.75 (1.39–2.21) 209/191 2.23 (1.86–2.67)

Other fracture
Age< 20 89/297 1.27 (1.05–1.54) 66/149 1.32 (1.07–1.63)
Age 20–49 361/325 2.29 (2.01–2.62) 160/133 2.38 (2.01–2.82)
Age ≥ 50 272/186 2.22 (1.91–2.58) 403/401 2.30 (2.03–2.61)

aEpilepsy/control group, respectively.
IRR, Incidence rate ratio, CI; Confidence interval.

applied. Patients were required to show disease activity,
either by having prescriptions for AEDs or, alternatively,
by having diagnoses of epilepsy. The criteria used might
have resulted in an overrepresentation of patients having
more severe epilepsy in our cohort and, as patients with
more severe epilepsy are arguably more at risk of falling
and fracturing compared with patients with lower disease
severity, an overestimation of IDRs. We were not able to
validate epilepsy diagnoses in this study. For our defini-

TABLE 4. Incidence rates of fractures in the epilepsy and reference cohort by timing of first diagnosis of epilepsy

First diagnosis of epilepsy First diagnosis of epilepsy
during GPRD follow-up before GPRD follow-up

Type of Number of Rate/10,000 Crude IRR Adjusted IRR Number of Rate/10,000 Crude IRR Adjusted IRR
fracture fractures person-years (95% CI) (95% CI) fractures person-years (95% CI) (95% CI)

Any fracture
Control 1,207 118.5 1.00 (Reference) 1.00 (Reference) 2,733 125.8 1.00 (Reference) 1.00 (Reference)
Epilepsy 1,102 257.1 2.17 (2.00–2.35) 2.12 (1.95–2.30) 2,376 235.5 1.87 (1.77–1.98) 1.80 (1.70–1.90)

Hip/femur fracture
Control 95 9.3 1.00 (Reference) 1.00 (Reference) 206 9.5 1.00 (Reference) 1.00 (Reference)
Epilepsy 164 38.3 4.10 (3.17–5.34) 3.31 (2.57–4.27) 272 27.0 2.84 (2.36–3.42) 2.58 (2.15–3.09)

Hand or radius/
ulna fracture

Control 435 42.7 1.00 (Reference) 1.00 (Reference) 1,010 46.5 1.00 (Reference) 1.00 (Reference)
Epilepsy 321 74.9 1.75 (1.51–2.03) 1.76 (1.53–2.04) 780 77.3 1.66 (1.51–1.83) 1.66 (1.51–1.83)

Tibia, fibula, ankle
or foot fracture

Control 250 24.5 1.00 (Reference) 1.00 (Reference) 499 23.0 1.00 (Reference) 1.00 (Reference)
Epilepsy 172 40.1 1.64 (1.34–1.99) 1.63 (1.34–1.97) 468 46.4 2.02 (1.78–2.30) 2.02 (1.77–2.29)

Other fracture
Control 440 43.2 1.00 (Reference) 1.00 (Reference) 1,051 48.3 1.00 (Reference) 1.00 (Reference)
Epilepsy 462 107.8 2.50 (2.19–2.85) 2.43 (2.13–2.77) 889 88.1 1.82 (1.66–1.99) 1.75 (1.60–1.92)

IRR, Incidence rate ratio; CI, Confidence interval, adjusted for age and sex.
Patients can have multiple fractures sites.

tion, only medical codes with a specific mentioning of
epilepsy were included. Diagnoses of “fit” were not con-
sidered to be sufficient, whereas a diagnosis of “epileptic
fit” was. Furthermore, only the main five AEDs were eval-
uated to monitor epilepsy activity, although many more
are available on the market. This could have resulted in
the exclusion or premature censoring of eligible epilepsy
patients using other AEDs. However, the drugs that were
chosen were the main AEDs used in epilepsy treatment,
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and the market share of other AEDs in the United King-
dom was relatively small during the study period. An ex-
ploratory analysis of all patients using AEDs in our cohort
showed that 99% used one of these five AEDs. Misclassi-
fication of epilepsy cannot be ruled out, given the nature
of our epilepsy definition. All patients in the reference
cohort did not have a diagnosis of epilepsy at any stage.
However, they could have used AEDs, either for other in-
dications or because a diagnosis was not entered by the
patients’ GP. Because such misclassification is likely to be
nondifferential, it will have diluted the true risk estimates.

Patients with a history of fractures are known to be at a
higher risk of subsequent fractures. It also is possible that
patients with a history of epilepsy before the inclusion on
the practice in the GPRD might have had a fracture in
the past. History of fractures was assessed, but was not a
confounder in this study. We did not have the opportunity
to assess whether the (prior) fracture was the result of high-
energy trauma or whether epilepsy was induced by such
trauma. Particularly among young male subjects, traffic
accidents might account for a relatively large proportion
of the fractures observed in the dataset. Also, it could be
that patients with epilepsy and patients not having epilepsy
differed with respect to the proportion of fractures induced
by high-energy trauma, resulting in confounding. Still, the
results of our analyses show that the difference in fracture
incidence between the epilepsy and reference cohort was
consistent in magnitude across age and sex strata.

We found that the fracture risk was higher among pa-
tients with a first epilepsy diagnosis during follow-up com-
pared with patients having a first diagnosis of epilepsy in
the past. This finding is probably not surprising, as it seems
likely that newly diagnosed patients with epilepsy will be
more prone to falls and fractures compared with patients
having the disease for many years.

Several possible explanations exist for the increased
fracture risk in patients with epilepsy. First, patients could
have a fracture subsequent to a fall during an epileptic
seizure. Second, long-term treatment with AEDs can re-
sult in a decrease in bone mineral density, thereby in-
creasing the propensity for fracturing when falling. Third,
it could be that patients with epilepsy have more risk fac-
tors for fractures compared with those without epilepsy,
independent of AED use and seizure activity. This study
was not designed to explore why the risk of fracture is
increased in patients with epilepsy. The pathogenesis of
fracture entails a complex interaction between bone min-
eral density on the one side and propensity to trauma on
the other. Particularly in the highest age group, many other
diseases and prescription drugs may have an effect on ei-
ther of the two components relevant for a fracture to occur.
Furthermore, we did not evaluate the effect of alcohol in-
take and smoking status, which might be confounders in

this study and might explain part of the association ob-
served.

In conclusion, this study showed that the incidence of
fractures was nearly twofold increased among patients
with a diagnosis of epilepsy compared with the general
population. For the clinically most relevant fracture, hip
and femur fracture, a threefold increased risk in elderly
aged 50 years and older was found. Further study is nec-
essary to elucidate whether this elevated risk is due to the
disease, the use of AEDs, or both.
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