
INTRODUCTION
Deaths that are amenable to medical
intervention through risk factors such as
hypertension, or preventable by individual
behaviour change or public health
measures like smoking, have been
targeted in the UK’s NHS policies.1

Mortality from all causes in the general
population of England and Wales declined
by 16% between 1993 and 2005; in contrast,
mortality with epilepsy recorded as an
underlying cause increased by 31% in
males and 39% in females during this
period.2

Epilepsy is ranked as the fifth highest
amenable cause of years of life lost before
the age of 75 for males, and eighth highest
for females.3 A cohort study of people with
epilepsy dying over an 8-year period
reported that 30% of those died of
accidents (mostly drowning and burns),
23% died suddenly, 16% died in status
epilepticus, and 14% committed suicide.4

An audit of sudden epilepsy-related deaths
in the UK found a lack of communication
between professionals and with families,
and estimated that 40% of adult and 60% of
child deaths were potentially avoidable
through improved care.5

In 2004, the NHS introduced a new
system of criteria-linked activity and reward
for primary care, called the Quality and
Outcomes Framework (QOF).6 For the first
time, services for patients with epilepsy
were financially rewarded in primary care

— the criteria being maintaining registers
of patients with epilepsy, conducting an
annual review, and recording seizure
frequency. There remained a lack of
epidemiological evidence to underpin new
strategies designed to improve epilepsy
self-care and reduce mortality in epilepsy.

The present study aimed to identify risks
for death in epilepsy in a large population.
Data were obtained from the UK General
Practice Research Database (GPRD) to
conduct a cohort study of people with
epilepsy in order to evaluate long-term
trends in epilepsy including incidence,
prevalence, and mortality. Mortality was
evaluated before and after the introduction
of the QOF. Using prior evidence, it was
hypothesised that social and material
deprivation, recent discontinuation of
anticonvulsant drugs, treatment for
depression, a history of injuries, and a
failure to remain seizure free might be
associated with mortality in epilepsy.7 A
nested case–control study was
implemented to test these hypotheses.

METHOD
The protocol for the study was approved by
the Independent Scientific Advisory
Committee for Medicines and Healthcare
products Regulatory Agency (MHRA)
database research (Protocol 09–006). The
GPRD includes records from approximately
1990 to the present day; these data are
subject to quality checks and are referred to
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Abstract
Background
Epilepsy is an important cause of amenable
mortality but risk factors for death in epilepsy
are not well understood.

Aim
To evaluate trends in epilepsy mortality in a
large population and identify risk factors for
death in epilepsy.

Design and setting
Nested case–control study in the UK, using
data from the General Practice Research
Database (GPRD) from 1993 to 2007.

Method
Participants were included if they had ever been
diagnosed with epilepsy and prescribed
anticonvulsant drugs. Trends in all-cause
mortality in persons with epilepsy in the GPRD
were compared with death registrations with
epilepsy as the underlying cause. A nested
case–control study was implemented to
compare participants with epilepsy who died
with those who did not die.

Results
The prevalence of epilepsy increased from 9 per
1000 in 1993 to 12 per 1000 in 2007, and epilepsy
deaths also increased in this period. In a nested
case–control study, mortality was associated
with: recorded alcohol problems (odds ratio [OR]
2.96, 95% confidence interval [CI] = 2.25 to 3.89,
P<0.001); having collected the last
anticonvulsant prescription 90–182 days
previously (OR 1.83, CI = 1.66 to 2.03, P<0.001);
having an injury in the previous year (OR 1.41,
95% CI = 1.30 to 1.53, P<0.001), and having been
treated for depression (OR 1.39, 95% CI = 1.28 to
1.50, P<0.001). In data available from 2004
onwards, being recorded seizure free in the
previous 12 months was associated with lower
mortality (OR 0.78, 95% CI = 0.71 to 0.86,
P<0.001).

Conclusion
Mortality with epilepsy appears to be
increasing. Patients who have alcohol
problems, do not collect repeat prescriptions
for anticonvulsant drugs, have recent injuries,
or have been treated for depression may be at
increased risk of death; patients who remain
seizure free over 12 months are at a lower risk.

Keywords
cohort study; epilepsy mortality; epilepsy
prevalence; nested case-control study;
primary care.
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as ‘up to standard’ when they are of a
quality that is high enough to be used in
research. Several studies have evaluated
the validity of clinical diagnoses recorded in
the GPRD with, generally, satisfactory
results. Herrett et al found that the median
proportion of GPRD cases with a confirmed
diagnosis in validation studies was 89%.8

For this study, participants who had
been diagnosed with epilepsy at some
point in their life and had received one or
more prescriptions for anticonvulsant
drugs were selected. Medical diagnoses
for epilepsy were identified using a list of
186 Read and Oxford Medical Information
Systems Codes for epilepsy; details of the
codes are available from the authors.
Anticonvulsant prescriptions were
identified using multilex codes for drugs
included in section 4.8.1 of the British
National Formulary.9 These included
beclamide, carbamazepine, clobazam,
ethosuximide, fospheytoin, gabapentin,
lacosamide, lamotrigine, levetiracetam,
mesuximide, methylphenobarbital,
oxcarbazepine, phenobarbital, phenytoin,
pregabalin, primidone, rufinamide, sodium
valproate, stiripentol, sultiame, tiagibine,
topiramate, valproic acid, vigabatrin and
zonisamide. Benzodiazepine drugs were
not included as most prescriptions are
likely to be for anxiety or insomnia rather
than epilepsy.

For this study, a participant was
considered to have prevalent epilepsy if:

• epilepsy was ever recorded in their
medical record; and

• if one or more prescriptions for

anticonvulsant drugs were recorded
since the date of their registration at the
practice or the date on which the practice
entered the GPRD if this was later.

Participants were considered to have
‘incident epilepsy’ if the index date — the
earlier of the first medical code or the first
anticonvulsant prescription — was more
than 24 months after the start date.
Mortality from all causes in participants
with prevalent epilepsy was derived from
the death records in the GPRD; cause-
specific mortality was not available for
analysis. Age-standardised rates were
estimated using the European Standard
Population for reference.

A nested case–control study was
implemented. Participants with prevalent
epilepsy who died from any cause between
1993 and 2006 formed the cases; for each of
these, two controls were randomly selected
from the set of all participants with
prevalent epilepsy who were alive at the date
of death. Each control was chosen to be ‘at
risk’ throughout the risk period of the
matched case. Cases and controls were
also matched for sex and year of birth, and
compared with regard to the following
explanatory variables. The deprivation score
of the practice was obtained based on the
general practice’s postcode. Practices were
divided into quintiles based on the practice
Indices of Multiple Deprivation 2007 score;
each deprivation quintile was retained in the
final model because deprivation was
believed to be a relevant potential predictor
of epilepsy mortality.

The medical records of cases and
controls were evaluated in the 12 months
before the formers’ death date for recorded
problems of:

• alcohol misuse;

• whether the participants were ever
diagnosed with depression and treated
with antidepressant drugs in the
preceding 12 months;

• whether there was any history of injury
(including accidents, fractures, or burns)
in the preceding 12 months; and

• whether participants were recorded as
seizure free in the preceding 12 months
using a single Read Code (667F) that was
introduced in association with the QOF in
2004.

How this fits in
Although mortality from all causes is
declining rapidly in the general population,
this study shows that mortality from
epilepsy may be increasing. Death in
epilepsy is more likely when seizures have
continued to occur, where there are alcohol
problems, when anticonvulsant
prescriptions are not renewed, where injury
has occurred in the previous year, or when
patients have been treated for depression.
Primary care professionals should be alert
to the presence of these risk factors in
order to step up care for people with
epilepsy who are at increased risk of death.
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Analyses were implemented for all years,
then for the period 2004–2006 only, to
enable investigation of the association
between remaining seizure free and
mortality. Analyses were by conditional
logistic regression using robust variance
estimates to allow for clustering by general
practice.

Data for mortality in England and Wales
from 1979 to 2007 were obtained from the
Office for National Statistics (ONS). Age-
standardised mortality rates per 100 000
resident population were estimated, using

the European Standard Population for
reference. Linear trends were estimated
from a linear regression of age-
standardised rate on year. Mortality
statistics were coded according to the ninth
revision of the International Classification
of Diseases (ICD-9)10from 1979 to 1999, and
according to the tenth revision (ICD-10)11

from 2000 onwards. Analyses from the ONS
suggest comparability ratios (ICD-10 to
ICD-9) of 1.014 for males and 1.233 for
females; a sensitivity analysis was,
therefore, implemented in which numbers
of deaths were adjusted for comparability
between ICD-9 and ICD-10.

RESULTS
There were 434 general practices included
in the study, and a total of 1.5 million
registered patients in 1993, which
increased to 3.3 million in 2007. The age-
standardised incidence of new epilepsy
diagnoses was approximately 34 per
100 000 per year in females and 39 per
100 000 per year in males, with weak
evidence for a slight decline during the
period of study. Figure 1 shows the
prevalence of epilepsy in the GPRD by year
and sex. From 1993 to 2007, the prevalence
of epilepsy increased from about 0.9% to
about 1.2% in both males and females. In a
linear regression model, there was strong
evidence of an increasing linear trend of
about 0.2% per decade in both males and
females.

Figure 2 shows mortality by year of study;
Table 1 shows the mortality from all causes
of persons with prevalent epilepsy by 3-year
period from 1993 to 2007. In both males and
females there was evidence that mortality
decreased from 1993–1995 to 1999–2001
but increased from 1999–2001 to 2005–
2007 (Table 1). The relative increase was
approximately 28% in females and 17% in
males.

Figure 3 shows the trends in age-
standardised mortality rates for males and
females in England and Wales from 1979 to
2007, based on death registrations, with
epilepsy as the underlying cause, as
recorded by the ONS. Over this period,
there was evidence of a linear increase in
deaths with epilepsy coded as the
underlying cause. In males, the linear
increase was 0.020 (95% confidence
interval [CI] = 0.014 to 0.026) per 100 000
per year (P<0.001); in females it was 0.009
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Figure 1. Prevalence of epilepsy in the General
Practice Research Database (GPRD) (1993–2007.)a
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Figure 2. Mortality from all causes (1992–2007) in
persons ever diagnosed with epilepsy in the General
Practice Research Database.a
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(95% CI = 0.004 to 0.014) per 100 000 per
year (P<0.001). When data were adjusted
for the difference in coding between ICD-9
and ICD-10, there was no longer evidence
of an increasing trend in females (trend per
year –0.001, 95% CI = –0.007 to 0.004, P =
0.65) but there was still evidence of an
increasing trend in males (trend per year
0.021, 95% CI = 0.014 to 0.028, P<0.001).
This sensitivity analysis suggests that the
increase in epilepsy-coded deaths
associated with ICD-10 may contribute to
the rising trend in epilepsy mortality in
females but not in males.

Table 2 shows the results of the nested
case–control study. Results are presented

for all years of death combined, and
separately for years of death from 2004 to
2007. Deprivation quintile was not
associated with mortality of persons with
prevalent epilepsy, but recorded problems
of alcohol misuse — although infrequent —
were strongly associated with mortality in
males and females. Depression treated in
the previous 12 months with
antidepressant drugs, as well as one or
more records of accidents or injuries in the
preceding 12 months, was associated with
increased risk of mortality.

Compared with participants who
collected their last prescription for
anticonvulsant drugs in the preceding

Table 1. All-causemortality in peoplewith epilepsy by 3-year
periods (1993–2007)

Age-standardised
All deaths in mortality rate per
personswith 100 000 registered Relative risk

prevalent epilepsy GPRDpatients (95%CI) (95%CI) P-value
Female
1993–1995 661 21 (19 to 22) 1.12 (1.02 to 1.24) 0.023
1996–1998 782 19 (17 to 20) 1.02 (0.93 to 1.12) 0.69
1999–2001 1020 19 (18 to 21) Reference
2002–2004 1430 24 (22 to 25) 1.23 (1.13 to 1.33) <0.001
2005–2007 1573 25 (24 to 26) 1.28 (1.18 to 1.39) <0.001
Male
1993–1995 740 30 (27 to 32) 1.16 (1.06 to 1.27) 0.002
1996–1998 839 25 (24 to 27) 1.00 (0.92 to 1.10) 0.92
1999–2001 1127 26 (24 to 27) Reference
2002–2004 1488 29 (27 to 30) 1.14 (1.05 to 1.23) 0.001
2005–2007 1631 30 (29 to 32) 1.17 (1.09 to 1.26) <0.001

GPRD = General Practice Research Database.
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Figure 3. Mortality with epilepsy as underlying cause
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≥90 days, participants who collected their
last prescription 91–182 days (3–6 months)
previously had a higher risk of mortality;
those who had discontinued therapy for
≥6–12 months had a lower mortality risk.
When data for participants with death dates
in 2004 or later were analysed separately,
adjusted analyses showed that a record of
being seizure free in the preceding
12 months was associated with a lower risk
of mortality. The unadjusted OR associated
with being recorded seizure free was 1.14
(95% CI = 1.04 to 1.24, P = 0.005); however,
after adjustment for the other variables
included in the model, there was evidence
of lower mortality associated with being
seizure free. This indicates some degree of
confounding with the other included risk
factors.

DISCUSSION
Summary
The increasing recorded prevalence of
epilepsy may indicate improved
documentation of the condition in primary
care records. The increase also suggests
that, in this population, epilepsy cases are
rising through diagnosis or practice
recruitment at a faster rate than they are

declining through death or end of
registration. The present analyses using
two separate data sources — GPRD data
and national mortality registrations —
suggest that mortality in epilepsy is
increasing. Data from primary care
electronic patient records in the GPRD
show that mortality increased during 1999–
2007; however, earlier trends in the GPRD
were inconsistent, with an initial increase
being followed by an apparent decrease for
reasons that are unclear. Death
registrations reveal a longer-term trend of
increasing numbers of deaths with epilepsy
registered as the underlying cause from
1979 to the present. This increase in
epilepsy mortality is in contrast to the
substantial decline in all-cause mortality
that is currently being observed in the
general population.

The case–control study provides evidence
of several distinct risk factors for mortality in
epilepsy. The hypotheses tested were based
on prior reviews of the epidemiological
evidence.4,7 The risk factors for mortality
identified in this analyses were recorded
alcohol problems, a ‘missed’ prescription for
anticonvulsant drugs, a history of injuries, or
treatment for depression.

Table 1. Variables associatedwith death of personswith prevalent epilepsya

All participants Caseswith year of death≥2004
Controls (%) Cases (%) OR (95%CI) P-value Controls (%) Cases (%) OR (95%CI) P-value

Deprivation quintile
1 3236 (18) 1967 (18) Reference 1653 (19) 912 (19) Reference
2 3184 (18) 1879 (17) 1.00 (0.92 to 1.10) 0.94 1523 (17) 796 (17) 1.01 (0.89 to 1.15) 0.90
3 3525 (20) 2075 (19) 0.96 (0.89 to 1.05) 0.41 1728 (19) 959 (20) 1.00 (0.88 to 1.13) 0.99
4 3765 (21) 2119 (20) 0.93 (0.86 to 1.01) 0.10 1842 (21) 917 (19) 0.93 (0.82 to 1.06) 0.28
5 4175 (23) 2741 (25) 1.05 (0.97 to 1.14) 0.27 2118 (24) 1204 (25) 1.03 (0.91 to1.15) 0.68
NK 13 (0) 16 (0) 7 (0) 11 (0)
Alcohol-misuse problems
No 17 790 (99) 10 585 (98) Reference 8815 (99) 4704 (98) Reference
Yes 108 (1) 212 (2) 2.96 (2.25 to 3.89) <0.001 56 (1) 95 (2) 2.71 (1.83 to 4.02) <0.001
Depression
No 16 093 (90) 9212 (85) Reference 7865 (89) 3970 (83) Reference
Yes 1805 (10) 1585 (15) 1.39 (1.28 to 1.50) <0.001 1006 (11) 829 (17) 1.39 (1.25 to 1.56) <0.001
Injury/accident in previous 12months
No 16 178 (90) 9151 (85) Reference 8094 (91) 4125 (86) Reference
Yes 1720 (10) 1646 (15) 1.41 (1.30 to 1.53) <0.001 777 (9) 674 (14) 1.36 (1.20 to 1.53) <0.001
Time since last anticonvulsant prescription
<90 days 10 847 (61) 8250 (76) Reference 5250 (59) 3724 (78) Reference
91–182 days 768 (4) 1117 (10) 1.83 (1.66 to 2.03) <0.001 343 (4) 429 (9) 1.72 (1.47 to 2.01) <0.001
183–365 days 655 (4) 437 (4) 0.83 (0.72 to 0.94) 0.004 278 (3) 169 (4) 0.77 (0.63 to 0.95) 0.015
≥365 days 5019 (28) 908 (8) 0.24 (0.22 to 0.26) <0.001 2789 (31) 426 (9) 0.20 (0.18 to 0.23) <0.001
Never 609 (3) 85 (1) 211 (2) 51 (1)
Recorded seizure free in previous 12months
No – – – – 7135 (80) 3771 (79) Reference
Yes – – – – 1736 (20) 1028 (21) 0.78 (0.71 to 0.86) <0.001

aFigures are frequencies except where stated. Odds ratios were adjusted for each of the variables shown. NK = not known. OR = odds ratio.
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The study did not quantify the duration of
each anticonvulsant prescription, as
experience shows that this cannot be
estimated for a substantial proportion of
prescriptions in the GPRD. However,
treatment intervals of approximately
90 days are observed in other chronic
illnesses in the GPRD. The present analyses
suggested that participants whose last
prescription was collected 3–6 months
previously — which might be interpreted as
a ‘missed’ prescription — were at increased
risk of death; however, participants whose
discontinuation of therapy was further in the
past were at lower risk.

The authors did not have information on
hospital prescriptions, and some
participants who did not collect repeat
prescriptions might have been attending
hospital clinics. Nevertheless, the group of
patients who do not collect repeat
anticonvulsant prescriptions is important to
identify in the clinical context. Problems of
alcohol misuse were not frequently
recorded but were strongly associated with
mortality risk. In data obtained since the
introduction of the QOF, participants who
were recorded as seizure free were at lower
mortality risk.

Strengths and limitations
The study findings are based on an analysis
of patients coded by their GPs as having
epilepsy. This definition differs from the one
used in the QOF, which is only applied to
people aged ≥18 years, and includes
individuals who have been diagnosed with
epilepsy at some point in their life and
currently receive anticonvulsant drug
treatment. For this study it was wanted to
include participants who may have
discontinued anticonvulsant therapy;
however, it is important to be aware that the
definition of epilepsy may vary between GPs
and it is likely that some apply the diagnosis
more rigorously than others. Differences in
apparent prevalence, based on the disease
register, may, therefore, represent true
differences in community prevalence or
coding differences. Moreover, this analysis
was unable to make comparisons between
patients based on the severity of their
epilepsy as GP records rarely contain coded
data describing the frequency or duration of
seizures.

This study was restricted to evaluating
risk factors that are likely to be routinely

coded into electronic patient records. There
may be other important risk factors for
which data were not available. Coding into
electronic records may be associated with
substantial misclassification, the general
effect of which will be to reduce the
magnitude of associations; however, when
confounders are misclassified, the direction
of bias may be difficult to anticipate.
Regression models for data were fitted from
two different time periods and tested
several categories for some variables;
although multiple testing was not adjusted
for, readers may wish to view these results
with an appropriate degree of caution.

Deprivation score quintile was not
associated with outcomes but deprivation
was retained in the model as it is generally
associated with the quality of medical care
and with mortality rates.

Comparisonwith existing literature
Evidence derived and recorded
operationally using general practice
computer systems can correspond closely
with measurement using robust research
techniques.12 The incidence of newly
diagnosed epilepsy remained constant
between 1993 and 2007, being 38 per
100 000 in females and 40 per 100 000 in
males. The prevalence of epilepsy rose from
9 per 1000 in 1993 to 12 per 1000 in 2007. It
is not clear yet whether this is real trend or
the product of more accurate or inflated
recording. The level is higher than reported
in an earlier study using the GPRD.13

Implications for practice and research
The GPRD offers a unique opportunity to
examine conditions like epilepsy that have
been hitherto neglected on a primary care
population basis, and consider policies that
might improve the quality of care and
outcomes. After diagnosis by specialists,
about two-thirds of people with epilepsy are
managed by their GP, and most patients
choose this type of management.14

However, until recently there has been no
reimbursement for epilepsy care, and
doctors in primary care expressed lack of
confidence in epilepsy management.15 Only
15 out of 1000 points were allocated to
reward epilepsy registration and
monitoring; the National Institute for Health
and Clinical Excellence and the Joint
Epilepsy Council propose this be expanded.

Death in epilepsy is more likely when
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seizures have continued to occur, there are
problems with alcohol misuse, medication
is not adhered to, injury has occurred in the
previous year, or patients have been treated
for depression. Recording of these risk
factors needs to be linked up operationally
in order to alert GPs to the need for ‘step-
up’ care.

Failure to improve outcomes may be
partially explained by a lack of integrated
primary–secondary care pathways. The
number of neurologists has trebled over
the past decade, but secondary–tertiary
links have traditionally been closer in
neurology than links with primary care.
Patients seen in primary care may be as
likely to report seizures as patients seen in
secondary care,16 suggesting a lack of
access and triage. Poor epilepsy control is
associated with higher levels of emergency
epilepsy-related hospitalisation17 and
three-quarters of patients are discharged
with no further epilepsy care plan.18 Six out
of seven of hospital admissions for epilepsy
are through emergency and unplanned;19

this generates high secondary-care costs,
with little benefit to patients.

The need for further research into cause-
specific mortality in epilepsy, the types of
injuries observed in a population with
epilepsy, and the utilisation and outcomes
of different anticonvulsant therapies is

acknowledged. The results of this study
also have significant implications for policy
and service development. Indicators can be
created to reward primary care for offering
each person with epilepsy a comprehensive
care plan and, for those with recurrent
seizures, a step-up plan.20 Enhancements
to services need to be linked to epilepsy
training for GPs and practice nurses.

The Royal College of Physicians is
developing new models for neurologists
who work in the districts; reducing epilepsy
mortality should be a major aim. The QOF
could incentivise GPs to refer back to
specialists those people who do not remain
seizure free. Recommendations could also
include systems to alert when:

• prescriptions are not collected on time;

• accidents occur;

• depression is diagnosed and treated; and

• those with a dual alcohol-misuse
diagnosis are referred for appropriate
intervention.

Models for innovation in the service will
require evaluation to provide evidence of
improved quality and to demonstrate
whether outcomes, particularly death, can
be reduced.
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