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ABSTRACT

Epilepsy is one of the most common serious neurological disorders leading to significant consequences for
the affected. Despite the wealth of epidemiological data, there are still many un-answered questions. The
major challenges in epidemiological research relate to the fact that epilepsy is a heterogeneous condition
which hampers the evaluation of subgroups of e.g. different seizure/epilepsy types and age groups.

The overall objective of the present research was to describe the incidence and some selected risk factors
for unprovoked seizures/epilepsy in a large representative population based cohort. Four studies were
carried out, using the Stockholm Incidence Registry of Epilepsy (SIRE), a large cohort of incident cases
with unprovoked seizures and epilepsy. We first analysed the age- and sex-specific incidence of
unprovoked seizures/epilepsy in Stockholm, Sweden. The age-adjusted incidence for unprovoked
seizures/epilepsy was 40.4 for males, and 30.7 for females, and in the lower range of the incidence rates
reported from Europe and the US. Although our incidence rates suggest a possible under-ascertainment in
particular among the elderly, the distribution of cases by gender, seizure type and aetiology indicate that
there is no major selection bias.

We then performed three separate case-control studies with cases from SIRE, the controls taken from the
Population and Housing Census, and exposure defined as a hospital discharge diagnosis using ICD codes
from the Swedish Hospital Discharge Registry. Case-control data were linked to the hospital discharge
registry to identify a history of in-hospital care for the diagnoses chosen, from 1980 up to the year of the
index seizure and also after the index seizure.

When analysing the risk of developing unprovoked seizures/epilepsy after hospitalization for stroke,
diabetes and myocardial infarction, we could confirm, previously known increased risks of developing
unprovoked seizures after intracerebral haemorrhage, odds ratio (OR) 7.2 (95% confidence interval (CI) 3.9-
13.6) and cerebral infarction, OR 9.4 (95% CI 6.7-13.1), and a less pronounced risk increase after
hospitalization for acute myocardial infarction, OR 1.7 (95% CI 1.4-2.8). The risk of developing
unprovoked seizures/epilepsy was substantial even more than 7 years after the stroke.

Socioeconomic belonging was also studied as a potential risk factor for development of unprovoked
seizures/epilepsy, and we did not find an association between socioeconomic class and risk of unprovoked
seizures. Psychiatric disorders as risk factors for seizures/epilepsy was analysed, and increased rates were
observed both predating, (OR 2.5 (95% CI 1.7-3.7) for depression, OR 2.7 (95% CI 1.4-5.3) for bipolar
disorder, OR 2.3 (95%CI 1.5-3.5) for psychosis, and OR 2.6 (95% CI 1.7-4.1) for suicide attempt), as well
as succeeding seizure onset.

We further analysed the risk, (OR, 95%Cl), of developing unprovoked seizures/epilepsy after hospitalization
for multiple sclerosis (MS), systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA). The risk of
unprovoked seizures was increased in patients with a hospital discharge diagnosis of MS, OR 3.5 (95% ClI
1.5-8.1) and even more so for patients with SLE, OR 8.0 (95% CI 2.2-30.0), whereas RA was not associated
with an increased risk, OR 1.2 (95% CI 0.5-2.9). We also found a comparatively high age and advanced
disability at seizure onset as well as a long lag time from diagnosis of MS and SLE until seizure onset.

Keywords: seizure, epilepsy, incidence, risk factor, case-control, stroke, psychiatric disorder, multiple
sclerosis
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1 BACKGROUND
1.1 INTRODUCTION

Epilepsy as one of the most common disorders of the brain has been known since the antiquity.
In the ancient Grecian literature one can find the designation of “having seized” where seizure
as a word derives from the Greek meaning “to take hold”. Hippocrates was the first known to
place the origin of epilepsy in the brain and even to suggest treatment with drugs instead of
religious rituals. He also introduced the concept of epilepsy as a paroxysmal brain disorder with
altered behaviour in contrast to a specific disease.

Attempts to understand and explain epilepsy has during history been afflicted by religious and
social explanations that have further burdened the patients. From John Hughlings Jackson’s
concepts of cortical localization in the 1860s and William G. Lennox’s” beliefs in the 1930s of
interaction between genetic predisposition and environmental factors in the development of
seizures, important progress has been made. Berger’s revolutionary invention of the
electroencephalogram (EEG) in 1929 has been followed by advancements in neuroimaging and
neurobiology that have changed our perception of epilepsy and also have had important
implications for classification of seizure disorders.

It has been estimated that more than 10% in a population will once experience a seizure and
about a third of these will go on to develop epilepsy [1]. Both in terms of prevalence and
cumulative incidence, epilepsy is thus one of the most common serious neurological disorders,
with the same burden of disease as lung cancer in men or breast cancer in women [2]. In
addition to the threat of loss of control inherent to epilepsy, there is a risk of seizure-related
injuries and psychosocial disability, an associated high rate of different comorbidities and a
reduced life expectancy that add to the burden [3-6].

An assessment of the burden of disease rests on reliable epidemiological data, which also is
essential for appropriate health care provision as well as for developing preventive measures.
Epidemiological studies of epilepsy face specific problems related to the heterogeneity of the
disorder as well as to difficulties in diagnosing epilepsy and in its classification. Definitions and
classifications of the seizure disorders are therefore of fundamental importance.

1.2 DEFINITIONS OF SEIZURES AND EPILEPSY

There are definitions as well as classifications of seizures, epileptic syndromes and aetiologies
and there are specific guidelines for epidemiological studies of epilepsy. As proposals for
revision of these classifications have been put forward, both the former and the more recent
classifications will be described.

Definitions of seizures

According to the present definition by the International League Against Epilepsy (ILAE) an
epileptic seizure is a transient occurrence of signs and/or symptoms due to abnormal excessive
or synchronous neuronal activity in the brain [7].

In epidemiological research as well as in the clinical setting a distinction has traditionally been
made between unprovoked and provoked (acute symptomatic) seizures [8].



Unprovoked seizures are seizures occurring in the absence of a potential responsible condition
or beyond the time interval estimated for acute symptomatic seizures.

Acute symptomatic seizures are seizures occurring at the time of a systemic insult or in close
temporal association with a brain insult [8].

Examples of acute symptomatic seizures are epileptic seizures occurring within 1 week of
stroke, traumatic brain injury, intracranial surgery, anoxic encephalopathy or during an active
phase of multiple sclerosis. It also encompasses seizures during an active central nervous
system infection, severe metabolic derangement, drugs or alcohol intoxication or withdrawal. In
several aspects acute symptomatic seizures differ from unprovoked seizures. In acute
symptomatic seizures there is an identifiable immediate cause of the seizure, often a dose —
effect relationship and a different prognosis, e.g. not necessarily a tendency for recurrence of
seizures [9]. The Commission on Epidemiology and Prognosis has developed criteria for each
category of acute symptomatic seizures meant as guidelines for epidemiological research [8].
As acute symptomatic seizures are almost as common as epilepsy and the age distribution is
similar [10-12], avoidance of misclassification of acute symptomatic seizures as unprovoked
epileptic seizures may be difficult.

The concept of acute symptomatic seizures has however been questioned recently [13] and is
not clearly considered in the 2005 ILAE definition of epilepsy [7] although the distinction
between unprovoked and acute symptomatic seizures generally is considered important in
epidemiological research.

Definitions of epilepsy

In the 1993 ILAE Commission report epilepsy was defined as a condition characterized by
recurrent (two or more) epileptic seizures, unprovoked by any immediate identified cause [14].
In the more recent definition from 2005, epilepsy is a disorder of the brain characterized by an
enduring predisposition to generate epileptic seizures and by the neurobiological, cognitive,
psychological and social consequences of this condition [7].

This new definition requires the occurrence of at least one epileptic seizure and the presence of
an enduring alteration in the brain increasing the likelihood of future seizures. This conceptual
definition is intended for clinicians diagnosing epilepsy while most epidemiological studies, in
need of clear operational criteria, still refer to the term epilepsy as a condition characterized by
two or more unprovoked seizures.

1.3 CLASSIFICATION OF SEIZURES AND EPILEPSY

Traditionally epilepsy has been classified according to seizure type, presumed aetiology and
when present, a constellation of clinical characteristics constituting an epileptic syndrome. The
international classifications of seizures and epilepsies began with proposals by Gastaut in 1969
and the first internationally accepted classifications were published in 1970 [15, 16]. These
classifications were updated for seizures in 1981 [17] and for syndromes in 1989 [18], although
the changes were minor. These proposals have gained general acceptance and been widely used.
The purpose of the classification was to provide common concepts to facilitate communication
between clinicians and researchers. With improvements in neuroimaging and increased
knowledge of the genetic contribution to some epileptic syndromes, perceptions of causes and



mechanisms of epilepsy have changed. To encompass these progresses the ILAE Commission
on Classification and Terminology has very recently proposed revised terminology and
concepts for organization of seizures and epilepsies [19]. This is still a proposal under
discussion and has as yet not been approved or endorsed by the ILAE.

1.3.1 Classification of seizures

The seizure classification is based on seizure semiology and EEG findings.

In the 1981 classification focal seizures are those in which clinical and EEG changes indicate
initial activation of a system of neurons limited to parts of one cerebral hemisphere. The focal
seizures have been separated into simple and complex [17]. When consciousness is not
impaired the seizure is classified as a simple focal (or partial) seizure and when impaired, as a
complex focal (or partial) seizure. The classification addresses the possible evolution of a simple
partial seizure into a complex partial or secondary generalized seizure. The focal (or partial)
seizures are further subdivided in to those with; motor signs, autonomic symptoms,
somatosensory or special sensory symptoms or psychic symptoms.

According to the same classification a seizure is classified as generalized if semiology and EEG
findings indicate initial involvement of both hemispheres. Generalized seizures are subdivided
in to: absences, myoclonic-, tonic-clonic- (GTCS), clonic-, tonic- and atonic- seizures.

In the proposal for a new classification the concepts of focal and generalized seizures have been
modified slightly. Seizures are labelled focal when the epileptic activity is originating within
networks limited to one hemisphere, and seizures are considered generalized when the epileptic
activity has arisen in or rapidly engaged bilaterally distributed networks [19]. The term partial
seizures is replaced by focal to stress that it is not necessarily only a small area of
epileptogenesis involved, and the term complex partial is abandoned in favour of a comment of
whether consciousness is affected or not. The focal seizure may evolve to a bilateral convulsive
seizure. Generalized seizures are further subdivided into: absences, myoclonic-, GTCS, clonic-,
tonic- and atonic seizures. If there is insufficient evidence to characterize the seizure as focal,
generalized or both it is labelled unknown [19].

1.3.2 Classification of epilepsies and epileptic syndromes

In the ILAE guideline from 1989 [18], the attempt was to classify epilepsy in terms of seizure
type, EEG findings, anatomy, aetiology, and syndrome features. Just as the seizure
classification, the epilepsies were first separated into epilepsies with partial (localization related
epilepsies) or generalized seizures (generalized epilepsies). A second axis separated epilepsies
by aetiology: known aetiology (symptomatic or secondary epilepsies) from the idiopathic
(primary) and the cryptogenic. The ILAE task force defined an epileptic syndrome as a complex
of signs and symptoms that define a unique epilepsy condition [18]. It is more than just a
seizure type but not an epilepsy disease with a specific aetiology.

In the new proposal [19] the terms and concepts for the underlying cause of epilepsy have been
revised. The terms symptomatic, idiopathic and cryptogenic have been replaced by the terms
structural-metabolic, genetic, and unknown. This proposal has, however, been criticized for not



listing etiologies in any detail and controversies associated with assigning causation has been
raised [20].

1.4 GUIDELINES FOR EPIDEMIOLOGICAL STUDIES OF EPILEPSY

Given the difficulties in diagnosing and classifying epilepsy detailed below, and that researchers
in epidemiology generally have more limited data than the individual patient’s clinician it is
difficult to apply the more complicated classification schemes in epidemiological research. The
ILAE Commission on Epidemiology and Prognosis has therefore issued specific guidelines for
epidemiological studies on epilepsy [14, 21]. According to these guidelines epilepsy is defined
as a condition characterized by recurrent (two or more) epileptic seizures, unprovoked by any
immediate cause [14, 21].

As EEG is unavailable in many field surveys the classification of seizure type is predominantly
based on clinical criteria, and seizure types are classified based on the 1981 ILAE system [17].
Thus, a seizure is considered generalized when there is no indication of a focal onset in
symptomatology or anatomic localization. A seizure is considered partial when there is
evidence of a clinical focal onset. The seizure is labelled simple partial when the ability to
interact with the environment is maintained and complex partial when consciousness is
impaired. The seizure is classified as partial secondary generalized when seizure activity
propagates to generalization. When both generalized and partial seizures occur the category
multiple seizure types is used. The term unclassified seizures is used when lack of information
makes it impossible to classify the seizure.

1.5 DIAGNOSING SEIZURES AND EPILEPSY IN THE CLINICAL SETTING

As epileptic seizures are symptoms of diverse brain disorders, the diagnostic evaluation is
variable and depending on the age and other characteristics of the patient. Despite availability of
EEG and advances in imaging techniques and neurobiology, the history taking of seizure
semiology from the patient and witnesses remains the basis for diagnosing epilepsy. EEG may,
if epileptiform activity is found, give valuable information but cannot rule out the existence of
epilepsy if the activity is normal. Likewise an abnormal EEG is not evidence of epilepsy. The
value of EEG is primarily in giving clues to if a paroxysmal symptom or sign is epileptic in
origin and to help in classifying the type of seizure or epileptic syndrome. EEG findings could
thus provide useful information for prediction of prognosis and selection of treatment. Magnetic
resonance imaging (MRI) has revolutionized the understanding of epilepsy as it allows a
detailed examination of brain structure. MRI has proven superior to the computerized
tomography (CT) in identifying presumed aetiological lesions in both adults and children with
epilepsy [22, 23]. Long-term video-EEG monitoring can be very helpful in the differential
diagnostic efforts in selected cases.

As epilepsy remains a clinical diagnosis primarily based on the clinicians evaluation of the
history it is hardly surprising that misdiagnosis of epilepsy is fairly common. It has been
reported that up to 20% of patients referred as refractory epilepsy cases to specialist centres in
fact do not have epilepsy, but for instance syncope and non-epileptic attacks [24]. The lack of a
specific laboratory confirmatory test for epilepsy complicates the clinical management as well
as epidemiological research in epilepsy.
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1.6 INCIDENCE AND PREVALENCE OF EPILEPSY

In epidemiology measures of disease occurrence are used in reference to a group of people.
Incidence and prevalence are measures of disease occurrence where the incidence rate measures
the frequency of disease onset, and the prevalence measures disease status [25]. The prevalence
is a consequence of the incidence and the duration of disease, where the duration of disease is
dependent on the rate of recovery and the rate of survival. Therefore the prevalence can be
almost the same for a disease with high incidence and short duration (common cold) and a
chronic disease with lower incidence and long duration (rheumatoid arthritis) [26]. Prevalence
(P) is expressed as number of cases with epilepsy per 1,000 at a given time point, while
incidence rates of epilepsy are usually expressed as the number of new onset cases per 100,000
patient years. While studies of point prevalence of epilepsy describe the burden of the disease in
the population and are useful for determining health care needs, incidence studies are preferred
when seeking information on risk factors, time trends and in evaluation of preventive and
treatment measures undertaken.

Prevalence for epilepsy in Europe has been reported to be in the range of 4 to 15/1,000 [27-30].
Globally, higher rates have been reported in Africa [31-33] and South America [34] whereas the
prevalence figures in Asia have been similar to those in Europe and the US [35, 36]. Although
some of this variation can be explained by methodological differences e.qg. in case ascertainment
and inclusion criteria, these ranges might also reflect differences in aetiological factors and
mortality.

Reported incidence rates of epilepsy in Europe and North America have ranged from 20 to 80
per 100,000 person years [10, 37-41] where case inclusion criteria and age-adjustment are
important for a meaningful comparison between studies (Table 1). Two small community based
studies from the county of Vasterbotten, Sweden found a crude incidence rate of 34 to 56
/100,000 person years [38, 39]. The incidence rate in some developing countries has been
reported to be two to three times the incidence in industrialized countries [42-45] whereas
studies from some Asian countries have found incidence rates similar to those in Europe and
North America [35, 46-48].
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Table 1. Incidence of epilepsy in Europe and North America

Incidence*

Reference Publication Country/ Number Crude Age- Ages Comment

Region of cases adjusted
Joensen [49] 1986 Faroe Island 194 43 37 all ages
Keranen [50] 1989 Finland 230 24 >15 years
Loiseau et al. [10] 1990 France 494 44 all ages SS
Forsgren et al. [39] 1990 Sweden 239 34 >17 years SS
Sidenvall et al. [51] 1993 Sweden 73 61 58 <15 years SS
Hauser et al. [37] 1993 us 275 438 51 all ages
Olafsson et al. [52] 1996 Iceland 42 a7 43 all ages
Forsgren et al. [38] 1996 Sweden 160 56 58 >16 years SS
Jallon et al.[53] 1997 Switzerland 176 46 all ages SS
Annegers et al. [54] 1999 us 197 33 28 <65years
MacDonald et al. [55] 2000 UK 69 46 79 all ages
Oun et al. [56] 2003 Estonia 81 35 >19 years
Olafsson et al. [40] 2005 Iceland 501 57 52 all ages SS
Christensen et al. [57] 2007 Denmark 88616 69 all ages
Casetta [58] 2011 Italy 188 57 <14 years

SS=Single seizures included
* per 100,000 person years

In industrialized countries the incidence rate is high among the youngest children and low in the
adult years to increase again in the elderly [10, 37, 38]. Since the 1990s it has been reported that
the incidence rate among children is decreasing, while increasing among the oldest in the
population [37, 58-60]. When temporal trends were analysed in a registry study from Finland,
the incidence rate in the elderly exceeded that of children from the year 2000 and onwards [61].
Improved obstetric and neonatal care, vaccination programs, and decrease in head injuries and
postnatal injuries, longer survival after stroke and an increased life expectancy were suggested
as explanations for the declining rates among children and increasing rates in the elderly. This
incidence pattern is different from what has been reported from some developing countries
where the incidence is peaking in adulthood and no increase has been observed in old age [46,
62-64].

Most population based incidence studies report a slightly higher incidence among males
compared to females [49, 50, 65]. This sex related difference in incidence is in most of the
studies not statistically significant. A recent study from Finland found significantly higher
incidence rates in eastern Finland compared to other parts of the country, suggesting significant
differences also within a small country with a fairly homogeneous population [61].
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1.7 RISKFACTORS AND CAUSES

A risk factor is a characteristic that is associated with a raised risk of a disease. All risk factors
are not causal. Epilepsy is a heterogeneous condition with many different causes. In principle,
any disease or lesion engaging the cerebral cortex can induce seizures and cause epilepsy.
However, the mechanisms by which different lesions cause epileptic seizures are incompletely
understood. Lesions found in one patient with epilepsy are also found in persons without
seizures and we do not fully understand why similar lesions in an identical location do not cause
seizures in all persons. The aetiology is evidently multifactorial. Genetic and other predisposing
conditions may interact with environmental factors to influence the risk of developing seizures.

The risk factors for childhood epilepsy are different from those for epilepsy later in life [66].
The risk for epileptic seizures in childhood is increased by febrile seizures, head trauma [67],
central nervous system (CNS) infection, mental retardation [68], cerebral palsy [37] and
attention deficit hyperactivity disorder (ADHD) [69, 70].

There are several well established risk factors for epilepsy in adults. The risk of seizures after
head trauma is related to the degree of brain injury and is highest shortly after the injury [71,
72]. In a retrospective cohort study from Rochester, Minnesota severe brain injury was
associated with late seizures in 12% of adults [73]. In another cohort study from Rochester
Minnesota, the risk of unprovoked seizures increased 16 times after encephalitis and four times
after bacterial meningitis, where most of the seizures were seen within five years of the
infection [74]. The prevalence of brain tumours among adults with newly diagnosed epilepsy
is 12-16% in different studies [75-77]. Stroke has repeatedly been identified as the leading
cause of epilepsy with adult onset [78, 79], and risk factors for stroke (hypertension, ischemic
heart disease, diabetes and left ventricle hypertrophy), have also in the absence of a clinical
stroke, been shown to increase the risk of seizures [80]. In Rochester, Minnesota the risk of
seizures among patients with Alzheimer’s diseases (AD) was increased tenfold [81]. Low
socioeconomic status (SES) is associated with many established risk factors for epilepsy. Two
studies, from UK and North America, found low SES to be associated with an increased risk of
developing epilepsy [82, 83] while one Swedish study failed to confirm this association [84].

1.8 COMORBIDITIES

The term comorbidity implies the occurrence of one or several diseases/disorders apart from
epilepsy. In principle three different scenarios can result in comorbidity between the seizure
disorder and some other morbidity. First, epilepsy might either directly or indirectly e.g.
through living conditions or antiepileptic drug (AED) treatment cause a medical condition, e.g.
depression. Second some other disease may lead to epilepsy. In the third scenario a common
factor or underlying pathology, (genetic or environmental), may independently lead both to
epilepsy and some other morbidity e.g. depression. The terms causal comorbidity and resultant
comorbidity have been introduced to describe the different types of inter-relationships between
comorbidities [85].

The significant impact of epilepsy on the life of the affected person can be further burdened by
comorbidity. In general comorbidity is associated with a decreased quality of life, a higher
mortality [3, 86] and may require special consideration in the treatment of the comorbidity as
well as of the epilepsy.
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A cross-sectional population based study extracting data from the UK General Practice
Research Database (1995-1998) estimated prevalence rates for selected conditions categorized
by International classification of disease -9 (ICD-9) chapters in adults with epilepsy and
compared them with adults without epilepsy [87]. Psychiatric conditions occurred twice as often
and the risk of most somatic disorders was increased with the exception of musculoskeletal and
connective tissue disorders in older adults.

Neurodegenerative conditions such as dementias (prevalence rate (PR) 6.3), AD (PR 8.0) and
Parkinson’s disease (PR 3.2) as well as cardio- and cerebrovascular disorders, fractures,
pneumonia and diabetes occurred more frequently in people with epilepsy.

In a Canadian study using the National Population Health Survey an increased co-occurrence of
ventricular ulcers, stroke, AD, chronic fatigue and migraine was shown [88] while the Epilepsy
Comorbidity and Health (EPIC) survey in the United States [89] reported increased PRs for
pain comorbidities (PR 1.4-2.0), asthma (PR 1.3) and movement disorders (PR 2.0).

Among children with epilepsy mental retardation and cerebral palsy are common as well as
learning disabilities and cognitive dysfunction also in absence of other neurological deficits [90,
91].

1.9 CONSEQUENCES OF EPILEPSY

Epilepsy is a serious condition with significant consequences for the affected. Epilepsy can have
a negative impact on a person’s health status, socioeconomic and educational life [92-94].
Unemployment rates are generally higher for people with epilepsy than for the general
population [95] and school achievements are less than in the general population even when
persons with additional neurological handicap have been excluded [94]. Reports claim that also
the frequency of marriage and fertility is decreased in patients with epilepsy compared to the
general population [96, 97].

It is known that the mortality rate in epilepsy is two to three times higher than in the general
population [98-102]. Causes of death can be unrelated to epilepsy, due to the underlying
aetiology, to the treatment of epilepsy or more directly related to the occurrence of seizures. The
seizure related mortality consists of cases that died in status epilepticus, accidents, in suicide or
due to sudden unexpected death in epilepsy (SUDEP). Among patients with chronic
uncontrolled epilepsy, SUDEP is the leading cause of death, while among new onset seizure
patients the increased mortality is mainly due to the underlying causes of epilepsy [103-106].

In a multicentre cohort study the frequency of accidents was 21% among epilepsy cases and
13% among controls, were 25% of the accidents among patients with epilepsy were seizure
related [107].

1.10 TREATMENT

Pharmacological treatment with AEDs is the dominating treatment modality and most people
with epilepsy will be prescribed AEDs. The majority of those responds and become seizure free
while on treatment [108]. Despite the availability of more than 20 AEDs, approximately one-
third of individuals with epilepsy continue to have seizures while on medication. Although
effective in preventing seizures in most cases, the currently available AEDs do not affect the
long-term prognosis of the seizure disorder. Studies indicate that deferral of treatment does not
alter the long term seizure prognosis in terms of remission [109, 110].
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The AED therapy is typically maintained for several years and often for life. Therefore a
decision to initiate treatment needs to be based on a risk-benefit analysis taking in to account the
risk of further seizures, the severity of the seizures, their timing (during sleep or while awake),
the risk of seizure-related morbidity and mortality as well as AED toxicity [111]. The choice of
AED:s is based on efficacy for the individual's seizure type, but also on patient specific factors
such as age, sex, childbearing potential, comorbidities, and concomitant medications.

Up to two-third of people with epilepsy achieve long-term seizure freedom or terminal
remission [112, 113]. In a study from Rochester the probability of being in remission without
medication 10 years after diagnosis was 36% in the idiopathic group, but less than 20% in the
symptomatic group [114]. Predictors of a low chance of seizure remission are: documented
aetiology, abnormal EEG, GTCS, a high seizure frequency after treatment onset and a
syndrome pattern [115].

1.11 BACKGROUND TO PRESENT STUDIES

Despite the wealth of epidemiological data, there are still many un-answered questions. The
major challenges in epidemiological research relate to the fact that epilepsy is a heterogeneous
condition where the different types of seizures and epilepsies are most likely to vary in
aetiology, comorbidity as well as in the consequences [116]. Large patient samples are therefore
needed to analyse specific epilepsy sub-populations. Prospective population-based studies of
incident cases are the ideal for assessment of the incidence of unprovoked seizures in the
population, as well as for exploration of risk factors. However, such studies are uncommon. A
limitation of most previous population-based incidence studies of epilepsy is the comparatively
small number of included cases [117]. This is important considering the heterogeneity of
epilepsy, and hampers the evaluation of subgroups of e.g. different seizure/epilepsy types and
age groups.

The present studies were undertaken because of a relative lack of large scale population-based
data on the incidence of unprovoked seizures, as well as of analytical studies addressing
potential risk factors for development of unprovoked seizures.
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2 AIMS

The overall aim of the present research was to describe the incidence and some selected risk
factors for unprovoked seizures and epilepsy in a large population based cohort.

Specific aims of the projects were:

To establish and evaluate a prospective surveillance system for new onset unprovoked
seizures and epilepsy in Northern Stockholm, the Stockholm Incidence Registry of
Epilepsy (SIRE).

To study the age- and sex-specific incidence of unprovoked seizures/epilepsy in
Stockholm, Sweden.

To study the risk of developing unprovoked seizures/epilepsy after hospitalization for
stroke, diabetes and myocardial infarction.

To study socioeconomic belonging as a potential risk factor for development of
unprovoked seizures/epilepsy.

To study the risk of developing unprovoked seizures/epilepsy before and after
hospitalization for a psychiatric disorder.

To study the risk of developing unprovoked seizures/epilepsy after hospitalization for
multiple sclerosis (MS), systemic lupus erythematosus (SLE) and rheumatoid arthritis
(RA).
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3 SUBJECTS AND METHODS
3.1 SUBJECTS

The studies in this thesis are all based on seizure cases included in the Stockholm Incidence
Registry of Epilepsy (SIRE), which covers the Northern part of Stockholm, an urban region
with 998,500 inhabitants. Patients included in SIRE were used for the incidence study (paper 1)
and also constituted the cases in the case-control studies of risk factors (papers I1-1V). The
inclusion periods and number of subjects used in each study are given in table 2.

Table 2. Study populations in paper I-IV

Cases Controls
Study Ages n Median-age = Men/Women n Median-age
period
Paper | Sep 2001- all ages 1015 37 56/44 N/A N/A
Aug 2004
Paper i Sep 2001- >15 years 933 51 55/45 6039 46
Aug 2006
Paper IlI Sep 2000- all ages 1885 33 55/45 15080 32
Aug 2008
Paper IV Sep 2000- all ages 1885 33 55/45 15080 32
Aug 2008

N/A= Not applicable

3.1.1 The Stockholm Incidence Registry of Epilepsy (SIRE)

In the year 2000 a registry was initiated for prospective identification of patients with newly
diagnosed unprovoked seizures/epilepsy in Northern Stockholm, Sweden - the Stockholm
Incidence Registry of Epilepsy (SIRE). The primary objective was to set up a population-based
surveillance system based on data available in medical records that could function over time and
thus permit longitudinal epidemiological studies in a large cohort of incident cases.

Multiple sources were used to identify potential incident cases of first unprovoked seizures and
epilepsy among residents of Northern Stockholm. Three hospitals serve the inhabitants of this
region, but only one has departments of neurology, neurosurgery, and paediatrics. The other two
have outpatient clinics for adult neurological care. There is one central EEG-laboratory reading
all EEGs from the region.

A network of reporting physicians and other health care professionals was established to
identify potential cases. This consisted of all neurologists (private and public), paediatricians
and geriatricians working in the area as well as nurses in nursing homes. Cases were also
identified by review of all EEG requests to the central EEG-lab for investigation on suspicion of
new onset seizures and screening of medical records of all new referrals to the neuro-oncology
section of the Karolinska University Hospital. Additional methods to identify cases included
review of medical records of all patients discharged from the department of Neurology or the
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department of Paediatrics at the Karolinska University Hospital for the first time with an ICD
code of G 40, G 41 or R 56.8, and review of paediatric emergency room records to evaluate
possible cases not reported otherwise.

All potential cases were evaluated 6 months after the index seizure based on review of medical
records by a panel, which consisted of a neurologist, neuro-paediatrician, and a resident in
neurology, a resident in paediatrics, and the study coordinator, a trained nurse. Classification
was made by consensus and the consistency in application of classification criteria over time
was ascertained by re-review of all cases.

Patients with acute symptomatic seizures were not included. Each potential case was
categorized as definite first unprovoked seizure or definite epilepsy (recurrent unprovoked
seizures). Their seizures, epilepsies and etiological classes were classified according to the
ILAE guidelines for epidemiological studies on epilepsy [14, 21].

3.1.2 Definitions used in SIRE

The following definitions are mainly based on the suggestions made by the ILAE Commission for
studies on the epidemiology of the epilepsies [21] and were used in the classification of cases.

Epilepsy

A condition characterized by at least two unprovoked seizures occurring less than five years apart.
Multiple seizures in a 24-h period were considered a single event as was an episode of status
epilepticus [14].

Acute symptomatic seizures
Seizures occurring in close temporal relationship to an acute systemic, metabolic or toxic
disturbance or in connection with an acute CNS insult [8].

Symptomatic epilepsy
Repeated unprovoked seizures caused by a known underlying condition leading to a static or
slowly progressive CNS lesion.

Cryptogenic epilepsy
Repeated unprovoked seizures for which an underlying lesion is suspected, the exact nature of
which has not been determined.

Idiopathic epilepsy
Certain epilepsies without a known underlying lesion, with a suspected genetic background and
defined by a particular clinical characteristic, specific EEG findings and a typical age of onset.

Presumed aetiology
A condition preceding seizure onset, known to be an aetiological factor for epilepsy and
compatible with the type of seizure/epilepsy of the case in question.

Index seizure
The seizure that prompted the patient to seek medical advice and that eventually led to their
identification by the SIRE. This was not necessarily the patients’ first seizure.
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3.1.3 Controls

The controls in paper 11-1V were randomly selected from the register of the Stockholm County
Population and matched with the cases for gender and year of diagnosis. Each control had to be
a resident in the catchment area at the time of diagnosis of the case.

3.2 METHODS
3.2.1 Seizureincidence and classification of seizures, epilepsies and
aetiologies (PAPER 1)

Based on information in medical records covering six months from the index seizure, the index
seizure was classified according to the proposal of the ILAE [17]. This classification was applied
based on three different levels of information. The first level relied only on the semiology of the
index seizure as described in the available medical records. On the second level the index seizure
was reclassified taking into account information on any unprovoked seizure preceding the index
seizure and those occurring within 6 months after it. The classification of the index seizure on the
third level took into account all available information in the medical records up to 6 months after
the index seizure.

We classified the aetiology of our cases into the three broad categories: symptomatic, cryptogenic,
and idiopathic [14, 21]. Symptomatic cases were subdivided into those with a static or
progressive aetiology [21]. Among the symptomatic cases, those with neurological deficits
from birth were identified separately.

All cases were assessed and classified on two levels for more specific types of risk factors and
aetiologies. On the first level, data in the medical records indicating any condition that might
be of relevance as risk factor was recorded. These were conditions present before the onset of the
unprovoked seizure/epilepsy and that had been identified as potential risk factors in previous
studies. On this level, individual cases could have more than one risk factor indicated. On the
second level, these factors were evaluated with respect to the causal relationship to the seizures
and the presumed aetiology in each case was established. This would be a condition preceding
seizure onset, known to be an aetiological factor for epilepsy, and compatible with the type of
seizures/epilepsy of the case in question.

Mental retardation and cerebral palsy were not considered as causes of epilepsy, but rather as
manifestations of an earlier brain insult. The group: other specified was used for specific
conditions with known association to epileptic seizures such as cerebrovascular malformations,
tuberous sclerosis complex without known chromosomal defects, mesial temporal sclerosis, a
history of a cerebral abscess or tuberculoma.

3.2.2 Case-control studies with incidence seizure cases and exposure defined
by hospital discharge diagnoses (PAPER II-1V)

In these studies patients in SIRE were used as cases and controls were taken from the
Population and Housing Census. Exposure was defined as a hospital discharge diagnosis
using ICD codes from the Swedish Hospital Discharge Registry. Case-control data was linked
to the hospital discharge registry to identify a history of in-hospital care for the diagnoses
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chosen, from 1980 up to the year of the index seizure (paper I, IVV) and also after the index
seizure (paper I11).

3.2.3 Sources to define exposure

The Hospital Discharge Registry is nationwide and provides ICD codes for all inpatient care in
the country since 1969, and is considered to be virtually complete since 1980 [118].

From 1980-1986 diagnostic information was based on the Swedish version of the ICD-8
(WHO, 1967), from 1987-1996, ICD-9, (WHO, 1977), and from 1997 and onward, ICD-10
(WHO, 1994). The registry includes information on primary as well as additional discharge
diagnoses, and all were used in study I1-1V.

Information on socioeconomic classes was obtained for cases and controls through a record
linkage to a registry maintained by Statistics Sweden with data from the Population and
Housing Census (1960-1990) and expressed in 5 classes of employment and education (Class
1: Manual worker, 2: Salaried employee, 3: White collar worker, 4: Postgraduate education or
self-employment, 5: Unemployed, unclassified) (paper 11-1V).

3.3 STATISTICAL ANALYSES
3.3.1 Paper |

The number of incident cases of unprovoked seizures and epilepsy over the selected three year
study period was assessed. Age and sex-specific incidence rates were calculated as well as age
adjusted rates using the European Standard Population [119]. Calculation of the 95%
confidence interval (CI) was done using the Poisson distribution [120].

Estimates of the number of person years were made with data from Statistics Sweden. We
added the official populations on December the 31st of each year of the three years of case
registration. The total number of person years was estimated at 2,863,763. Data were analysed
using SAS 9.1.

3.3.2 Paper II-IV

We used logistic regression to calculate odds ratios (ORs) with 95% CI to assess the risk of
developing unprovoked seizures/epilepsy after a first hospital admission for the diagnoses at
study. For patients with more than one hospital admission, all the admissions were accounted
for. The time in years from hospital admission for any of the diagnoses at study and
seizure/epilepsy was calculated and expressed in ORs for different time intervals and separately
for men, women, seizure type and presumed aetiological class. Data were analysed using SAS
9.2.

3.3.3 Paper ll

In this paper we studied the discharge diagnoses diabetes, myocardial infarction, cerebral
infarction, intracerebral haemorrhage (ICH), subarachnoid haemorrhage (SAB) and transient
ischemic attack (TIA).
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The potential interaction between two different discharge diagnoses was analysed, calculating
the relative excess risk due to interaction (RERI) with cases and controls lacking these two
diagnoses as the reference.

To assess the impact of the various risk factors, the population attributable risk percent (PAR
%) was calculated [121, 122]. The PAR% is the percent of the incidence of a disease in the
population (exposed and non-exposed) that is due to the exposure in question and that would be
avoided if exposure was eliminated.

3.3.4 Paper lll

In this paper we studied the discharge diagnoses depression, anxiety disorder, bipolar disorder,
psychosis and suicide attempt. The time in years from a psychiatric discharge diagnosis or
suicide attempt, until the index seizure, as well as from the seizure until a psychiatric discharge
diagnosis or suicide attempt, was calculated. ORs were assessed for each different time interval
and for single seizures and recurrent seizures separately. Cases without the specific discharge
diagnosis constituted the reference in this calculation. The amount of overlap in between
diagnoses was analysed.

3.3.5 Paper IV

In this paper we studied the discharge diagnoses MS, SLE and RA. The medical records for all
identified cases with a hospital discharge diagnoses of MS or SLE were reviewed to obtain
additional clinical data. The time in years from the MS and SLE diagnosis until index seizure
was registered.

3.4 ETHICAL CONSIDERATIONS

Integrity and privacy issues are essential in any research on human subjects, and prior informed
consent is often required from each individual research subject. This is, however, often not
feasible in large scale register studies. In our view, the present project is an example of a
situation where approaching each individual seizure case and control to obtain informed consent
might generate more harm than protection. Many of the included cases might not be aware of
their diagnosis and information on possible risk factors and consequences of their seizure
disorder could cause undue anxiety. The Ethics Review Board at the Karolinska Institute,
Stockholm, shared our position, granted approval of the studies and deemed that no individual
informed consent was required. All data were anonymously analysed and without personal
identification numbers traceable
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4 RESULTS

4.1 NEWLY DIAGNOSED SINGLE UNPROVOKED SEIZURES AND EPILEPSY IN
STOCKHOLM, SWEDEN: FIRST REPORT FROM THE STOCKHOLM
INCIDENCE REGISTRY OF EPILEPSY (SIRE) (PAPER I)

Objective

To study the age- and sex-specific incidence of unprovoked seizures/epilepsy in Stockholm and

report initial findings of patients with newly diagnosed single unprovoked seizures/epilepsy
included in the Stockholm Incidence Registry of Epilepsy (SIRE).

Results

During the study 1015 patients (566 males) were included in SIRE as cases. Of these, 430 (42.4
%) had a first single unprovoked seizure, whereas 585 (57.6%) had recurrent seizures. For an
additional 67 patients the available data did not allow a definitive classification of unprovoked
seizures. Analysing single and recurrent unprovoked seizures together, the crude incidence was
35.4 /100, 000 person years (40.4 for males, and 30.7 for females), with the highest incidence
the first year of life and among the elderly (Figure 1). The age adjusted incidence rate according
to the European Standard Million [119] was 39.0 per 100, 000 person years. The incidence
rates by age and sex are summarized in table 3. The age-adjusted incidence rates the three
years of study were 32.6, 36.9 and 36.6 respectively. The proportion of GTCS, uncertain
whether primary or secondary generalized, was reduced from 47.4% at the first level of
seizure classification to 27.8% at the third level of classification. The cause of the unprovoked
seizures was unknown in 62.4% (633/1015). In 85.2% of the patients an EEG was performed,
in 77.4% a CT and in 20.9% a MRI, out of which 46.1%, 61.5% and 45.8% were normal.
Generalized-onset seizures occurred in 9.9% of all cases while symptomatic static seizures
accounted for 21.7% and symptomatic progressive seizures for 15.9%. Idiopathic seizures
occurred in 7.9% whereas those with cryptogenic seizures constituted the largest group,
54.4%. A presumed aetiology was identified in 28.3% (108/382) of patients under 15 years,
37.4% (185/494) of those aged 15 to 69 years and in 64.0% (89/139) of those 70 years and
older. Stroke was the most commonly identified aetiology followed by brain tumours.
Neurological deficits from birth were noted in 10.3%.

Conclusions

We found the incidence of unprovoked seizures/epilepsy in Stockholm, for all age groups, to be
in the lower range of what has been reported from Europe and the US. This indicates a possible
under-ascertainment of cases and in particular among the elderly. The distribution among our
cases by gender, seizure type, aetiological class and presumed aetiology are similar to previous
studies.
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Figure 1. Age and sex-specific incidence
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4.2 PRIOR HOSPITALIZATION FOR STROKE, DIABETES, MYOCARDIAL

INFARCTION, AND SUBSEQUENT RISK OF UNPROVOKED SEIZURES

(PAPER II)

Objective
To study the risk of developing unprovoked seizures/epilepsy after hospitalization for stroke,

diabetes and myocardial infarction, as well as socioeconomic belonging as a potential risk factor
for development of unprovoked seizures/epilepsy.

Results

We found no association between socioeconomic class and risk of unprovoked seizures and
there were no noteworthy differences in the ORs when analysed separately by sex or different
age groups. Consequently, socioeconomic status was not considered a confounder and not

included in further analyses.

The PAR% as well as the age-adjusted and gender-specific ORs for unprovoked seizures after

hospitalization for diabetes, acute myocardial infarction, and cerebral infarction, ICH, SAB and

TIA are given in table 4. The ORs were increased for all, but most prominently for the stroke

diagnoses. The ORs as a function of time since hospitalization for diabetes, myocardial
infarction, ICH and cerebral infarction are presented in table 5.

Table 4. Age-adjusted odds ratios (OR) with 95% Confidence interval (Cl) for development of seizures/epilepsy after a

first discharge diagnosis of diabetes, myocardial infarction (Ml), subarachnoid haemorrhage (SAB),

intracerebral haemorrhage (ICH), cerebral infarction (Cbl) or transient ischemic attack (TIA).
Population attributable risk percent (PAR%) is the percent of the incidence of unprovoked seizures/epilepsy
that is due to the diagnoses given below.

Diagnosis Total Women Men
cases controls PAR% | cases controls OR Cl cases controls OR Cl

Diabetes 46 123 1,9 13 54 1,2 06 23 33 69 2,5 16 39
MI 21 52 0,6 2,5 0,7 85 16 45 15 08 28
SAB 10 9 0,9 8,8 2,8 283 3 4 51 1,1 23,0
ICH 24 18 1,8 12 10,3 3,8 28,2 12 12 5,7 25 12,8
Cbl 117 69 8,8 52 29 9,2 56 15,1 65 40 9,6 6,2 15,0
TIA 28 35 1,3 15 14 4,5 21 95 13 21 2,4 1,1 50
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Table 5. Age-adjusted odds ratios (ORs) with 95% confidence interval (Cl)
for timing in years of a diagnose of diabetes, myocardial infarction,
intracerebral haemorrhage or cerebral infarction, relative to onset of seizures.

Diagnosis Year Cases Controls OR Cl
Diabetes Total 46 123 1,9 14 - 28
Reference 887 5916 1
<1 16 11 7,8 36 - 17,2
1-3 12 31 1,8 09 - 37
4-6 5 25 0,9 03 - 25
7-9 4 17 1,1 03 - 32
>9 9 39 14 07 - 30
Myocardial Total 21 52 1,7 10 - 29
infarction Reference 912 5987 1
<1-3 0 0
4-9 6 25 1,0 04 - 25
>9 15 27 2,3 1,2 - 45
Intracerebral Total 24 18 7,2 39 - 136
haemorrhage Reference 909 6021 1
<1 14 2 42,8 95 - 1915
1-3 6 7 49 16 - 150
>4 4 9 2,0 06 - 67
Cerebral Total 117 69 9,4 6,7 - 131
infarction Reference 816 5970 1
<1 58 5 62,7 249 - 1583
1-3 34 23 8,4 48 - 148
4-6 8 16 2,2 09 - 54
7-9 7 9 6,3 22 - 183
>9 10 16 3,0 1,3 - 67

Where numbers are small the time intervals have been made broader.

Conclusions

We did not find an association between socioeconomic factors and risk of developing
unprovoked seizures in adulthood. Taken together the studied diagnoses accounted for 15% of
the incident cases of unprovoked seizures with cerebral infarction as the major contributor. The
risk for unprovoked seizures and epilepsy after a cerebral infarction was highest the first year
after the infarction and the risk remained substantial >7 years after the infarction diagnosis. We
found a modest increase in risk for unprovoked seizures/epilepsy after a diagnosis of
myocardial infarction and no indication of higher ORs after ICH than after cerebral infarction.
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4.3 HOSPITALIZATION FOR PSYCHIATRIC DISORDERS BEFORE AND AFTER
ONSET OF UNPROVOKED SEIZURES (PAPER Il1)

Objective

To study the risk of developing unprovoked seizures/epilepsy before and after hospitalization
for a psychiatric disorder.

Results

Of the cases, 3.7% had either a discharge diagnosis of depression, psychosis, anxiety disorder or
bipolar disorder. The corresponding figure for the controls was 1.4%. We found a 2-3-fold
increased risk of developing unprovoked seizures after a hospital discharge diagnosis of all
investigated psychiatric conditions including suicide attempt (Table 6), and a trend towards higher
ORs in patients with cryptogenic/idiopathic aetiology compared to those with symptomatic
aetiology. Among the suicide attempts almost 2/3 of both cases and controls were women.
Significantly increased ORs were noted in relation to psychiatric disorders including suicide
attempt more than 5 years before and more than 2 years after the index seizure, although the
highest ORs were seen the years closest to the index seizure, and most distinctly for depression
and psychosis (Table 7).

Table 6. Age-adjusted odds ratios (OR) with 95% Confidence interval (Cl) for development of unprovoked,

seizures/epilepsy after a first discharge diagnosis of depression, psychosis, bipolar disorder,

anxiety disorder, suicide attempt or psychiatric disorders combined. Population attributable risk

percent (PAR%) is the percent of the incidence of unprovoked seizures/ epilepsy, that is due to a

given diagnosis. Psychiatric disorders combined include all the above diagnoses except suicide attempt.

Each patient can have more than one psychiatric diagnosis.

Total Men Women

Diagnosis | Cases Controls OR Cl Cases Controls OR Cl Cases Controls OR Cl

DS 36 105 25 1.7-37 17 38 35 1.9-6.2 19 67 21 1.2-35
PS 27 96 23 1.5-35 13 47 24 1344 14 49 2.3 1.2-4.2
Bd 12 32 2.7 1453 4 16 19 0.6-5.9 8 16 3.5 1.5-8.2
Ad 17 50 2.7 1.6-4.8 20 1.6 0.5-4.8 13 30 35 1.8-6.8
SA 28 95 26 1741 34 24 1.1-5.0 19 61 2.8 1.7-4.8
PdC 69 206 2.7 2.0-3.6 30 91 2.7 1.84.2 39 115 2.8 1.94.1

DS=Depression, PS=Psychosis

Bd=Bipolar disorder
Ad=Anxiety disorder
SA=Suicide attempt
PdC=Psychiatric disorders combined
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Table 7. Age-adjusted odds ratios (OR) with 95% Confidence interval (Cl) for development of unprovoked
seizures/epilepsy and time in years before and after a first diagnosis of depression, psychosis, suicide
attempt or psychiatric disorders combined. The category psychiatric disorders combined includes the
diagnoses: depression, psychosis, bipolar disorder and anxiety disorder.

Total epilepsy cases (n=1885)
Time before/ Psychiatric disorders Depression Psychosis Suicide
after seizure combined attempt
diagnosis
(years) OR cl OR c OR c OR c
>5y before 2.6 1.8-3.7 2.2 1.3-3.7 2.1 1.3-34 2.2 1.3-3.8
2-5y before 2.7 1.4-5.2 1.6 0.6-4.2 2.5 0.7-8.9 3.8 1.6-9.4
<2y before 3.9 1.9-7.9 6.3 2.8-14.6 5.6 1.2-25.8 4.7 1.2-18.8
0-2y after 4.5 2.7-7.6 4.1 2.2-7.7 6.4 1.9-21.3 4.4 1.8-11.0
>2y after 1.9 1.3-3.0 1.7 1.0-2.8 2.5 1.0-6.3 2.2 1.1-4.4
Conclusions

The increased rate of psychiatric comorbidity predating and succeeding seizure onset indicates a
bidirectional relationship where our results support the hypothesis of common pathogenic
mechanisms for epilepsy and psychiatric disorders.

4.4 UNPROVOKED SEIZURES IN MULTIPLE SCLEROSIS AND SYSTEMIC
LUPUS ERYTHEMATOSUS - A POPULATION-BASED CASE-CONTROL
STUDY (PAPER IV)

Objective
To study the risk of developing unprovoked seizures/epilepsy after hospitalization for MS, SLE

and RA.

Results

During the study period, eight of the 1885 seizure cases had been discharged from hospital with
a diagnosis of MS, four with a diagnosis of SLE and six with a diagnosis of RA, the latter
diagnosis chosen for comparison as an example of an immune-mediated disorder generally not
affecting the CNS, (Table 8). The corresponding numbers for controls were 17, 5 and 33,
respectively.

The age-adjusted ORs with 95% CI for unprovoked seizures was 3.5 (1.5-8.1) for a hospital
discharge diagnosis of MS, 8.0 (2.2-30.0) for a diagnosis of SLE and 1.2 (CI 0.5-2.9) for a
diagnosis of RA. Six of the eight patients with MS had no known risk factor for seizures other
than MS. The index seizure was focal in all and in the form of status epilepticus in three of the
eight patients with MS. Two of the four SLE patients had other neuropsychiatric symptoms than
seizures. For the majority of cases more than 10 years elapsed from the MS and SLE diagnosis
until seizure onset and at the time of the index seizure the majority of the MS patients had
developed a secondary progressive disease or was substantially disabled by the disorder.
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Table 8. Clinical features of MS and SLE patients identified in the incidence cohort of seizure cases.

Patient Gender Age at Age at first Age at Seizure Disease course
diagnosis discharge onset of type MS*
of MS (y) diagnosis seizures
of MS (y)

1 f 23 30 45 Focal moderate, PP

2 f 32 47 59 Focal severe

3 f 55 64 65 Focal mild

4 f ? 51 69 Focal moderate/severe, PP

5 m 49 79 78 Focal moderate, SP

6 f 30 31 31 Focal SP

7 f 67 67 73 Focal moderate/severe

8 m ? 55 73 Focal severe

Patient Gender Age at Age at first Age at Seizure Disease course Other
diagnosis discharge onset of type SLE Neuropsychiatric
of SLE (y) diagnosis seizures Symptoms**
of SLE (y)

1 f 52 62 63 Focal mild 0

2 m 39 46 55 Focal mild 0

3 f 36 63 63 Focal moderate Cbl, MD, CIM, HA

4 f 18 50 59 Focal mild Cbl, MD

* PP=Primary-progressive, SP=Secondary-progressive

** Cbl=Cerebral infarction, MD=Mood disorder, CIM=Cognitive impairment, HA=Headache

Conclusions

This study supports and extends the findings of other authors suggesting that the risk of
unprovoked seizures is increased in patients with MS and even more so for patients with SLE.
We found high age, a long lag time from the MS and the SLE diagnosis until seizure onset, and
advanced disability among the MS cases at seizure onset. This study lends further support to the

role of inflammation in the pathogenesis of epilepsy.
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5 DISCUSSION

5.1 METHODOLOGICAL ASPECTS

SIRE was established to create a large representative cohort of incident cases with unprovoked
seizures and epilepsy that could be used for in-depth studies of risk factors for and
consequences of epilepsy among other things. Paper I describes the methodology for this
register and the age- and sex-specific incidence rates based on the study. The remaining three
papers (11-1V) are utilising a similar methodology with SIRE data in case-control studies
analysing selected risk factors for unprovoked seizures/epilepsy. As a well-known risk factor
for seizures/epilepsy, we chose to study stroke together with disorders such as acute myocardial
infarction and diabetes, the latter with a less well studied association to seizure disorders.
Among the psychiatric disorders depression and suicide attempt, and their relationships to
seizures/epilepsy, have been extensively studied and debated, but less data have been available
on the temporal aspects of this association. The importance of inflammation and immunological
factors for seizure development has been in focus the last years [123], and we therefor chose to
study MS and SLE and the risk of developing unprovoked seizures [124-127].

5.1.1 Strengths of the studies

The strengths of these studies lie in the population-based approach and the use of a large
incident cohort of cases with unprovoked seizures. The seizure diagnosis has been uniformly
validated and all data have been assessed in a standardized manner following predefined
operational criteria, applying the recommendations of the ILAE and excluding acute
symptomatic seizures [14, 21]. The case—control studies used incident cases of unprovoked
seizures from SIRE and controls from the general population of the same geographical region.
Major strengths of the case-control studies were the use of a nation-wide independent registry to
determine exposure (hospital discharge diagnoses). This gave us the possibility to compare the
risk of developing seizures in exposed and unexposed and provide risk estimates that are likely
to be valid for the general population. We also had information on the index date of the seizure,
and data on exposure recorded in routine hospital care and independent of the seizure onset,
thus avoiding recall bias. A further advantage was the possibility to survey the temporal
association between the exposure and seizure onset for a timespan of more than twenty years.
Using population data we were able to analyse socioeconomic status as a potential confounder,
as well as a risk factor for unprovoked seizures.

5.1.2 Limitations of the studies

While our methodology has enabled us to register a large number of incident cases, there are
also limitations with the design of SIRE. The registry is based entirely on data included in
medical records, and their quality set the limit. As SIRE does not include a standardized work-
up the availability of EEG and neuroimaging depended on if the patient’s physician initiated
such investigations. The six months limit after the index seizure also complicates classification
as many cases cannot be readily classified into an epilepsy syndrome group at that stage.
Together with our application of strict criteria for classification all these factors contribute to a
relatively large proportion of patients with cryptogenic or unclassified seizures.
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It is likely that there is an under-ascertainment of cases in SIRE. This is most obvious for the
oldest in residential care that may be less likely to seek hospital care for a new onset seizure.
Although probably rare, patients may seek medical advice for their seizures in regions outside
Northern Stockholm and if so, are not identified by the registry. Failure to report a potential
case or to identify symptoms as possible seizures could also contribute as well as unwillingness
or forgetfulness of physicians in reporting cases. To reduce this risk, personal contact and
repeated information was given to physicians, nurses and secretaries taking part in the reporting
process. Case-ascertainment does not seem to change over times as the incidence rates were
fairly constant over the three years under study.

In the case-control studies exposure was defined by a hospital discharge diagnosis, and patients
not hospitalized for the diagnosis in question will thus not be included in the study. For selected
diagnoses this may add to the under-ascertainment as well as introduce a possible selection bias
towards more severe forms of diseases. Uncomplicated cases with diabetes will probably not be
hospitalized. The first hospital discharge diagnosis of diabetes will in many cases not represent
the onset of the disease and the onset often precedes the first discharge diagnosis. For these
reasons we believe that our data on diabetes should be interpreted with particular caution.

Many patients with depression and not least anxiety disorders are diagnosed and managed as
out-patients or not diagnosed at all. Our data on psychiatric disorders thus likely represent the
more severe forms that require hospitalization. The high proportion of patients with more than
one psychiatric discharge diagnosis supports this notion, where diagnoses such as anxiety
disorder and depression more often in combination with a more severe psychopathology may
call for hospitalization. It cannot be ruled out that hospitalization for a psychiatric disorder after
seizure onset is influenced by the seizure diagnosis. It is also possible that many MS and SLE
patients had disease onset before the first hospitalization for their condition, and that we thus
underestimate the lag time to seizure onset. None of these limitations should however affect the
case control comparison and the point estimate of the ORs.

A further limitation is that we rely on the ICD codes from the hospital discharge registry. With
the exception of schizophrenia, [128, 129] the ICD codes that we have used from the Swedish
Hospital Discharge Registry have not been formally validated although we have reason to
believe that the codes we have selected have a high accuracy in the hospital discharge registry
[130, 131].

The observation period of more than 20 years infers that virtually all cases with clinically
significant disease should have been hospitalized at least once and thus included in the study
and, there is no reason to expect a difference between cases and controls in this respect.

5.2 RESULTS IN RELATION TO PREVIOUS RESEARCH

5.2.1 Newly diagnosed single unprovoked seizures and epilepsy in Stockholm,
Sweden (SIRE)

We found an age-adjusted incidence for unprovoked seizures/epilepsy of 35.4 /100, 000 person
years, and the highest incidence in the first year of life and among the elderly. These figures are in
the lower range of the incidence rates of 24 to 69/100, 000 reported from Europe and the US [10,
37, 38, 40, 49, 50, 53, 57]. In accordance with most previous population based studies [37, 49, 50,
52, 53, 56, 57] the incidence was in general higher among males than females, especially above
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60 years of age, while at 5-9 years of age the highest incidence was observed among girls. The
incidence rates in our study seemed to be lower in all age groups compared to most previous
studies [37, 38, 49, 51-55, 62, 64, 132-136] although this difference was most pronounced among
the elderly. However, the distribution among our cases by gender, seizure type, and aetiology are
in keeping with previous studies, indicating that there is no pronounced selection bias in these
respects [10, 37-39, 53, 54, 56, 133, 134, 137].

Many previous studies have failed to account for detailed operational criteria for the seizure
classification, although in general referring to the ILAE classification [138]. The 27.8%
considered to have unclassified seizures in our study is higher than in most other reports [134,
139, 140]. This can be explained by our dependence on medical records, the short follow-up, and
the comparatively low proportion of neuroimaging, but also by our application of strict criteria for
classification. The presumed aetiologies among our cases were similar to those reported in other
population based studies of epilepsy [37, 40, 52, 53, 133]. Stroke was the most common cause
followed by brain tumours. We found slightly fewer patients with stroke, 11.3% of the cases to
compare with 14-20% in other studies from the US and Europe [38, 52, 56, 134, 139], and 2.2%
of presumed causes with dementia, to compare with 3.5-14.8% [37, 38, 40, 53]. A higher
proportion with dementia and stroke could be expected with a more efficient case ascertainment
among the elderly, but our strict criteria for presumed aetiology versus risk factors could also
contribute.

5.2.2 Prior hospitalization for stroke, diabetes, myocardial infarction and
subsequent risk of unprovoked seizures

We found an increased risk for development of seizures after all types of stroke, for both sexes,
and in particular the first year after hospitalization. Previous studies have shown an increased
risk for development of seizures after ischemic and haemorrhagic stroke, including SAB in
some series. This risk has in most previous studies been higher after ICH than after cerebral
infarction [141-143], while we found no trend in that direction. Of the cases with cerebral
infarction, 22% had more than one hospital admission for that specific diagnosis, confirming a
high recurrence rate and with that presumably an increased risk for additional cortical damage
and subsequent seizures. Age did not appear to influence the risk of seizure after stroke in our
study in keeping with previous findings [144, 145]. Also in agreement with previous studies
[146-149], the highest risk of seizures was seen during the first year after stroke, irrespective of
the type of stroke. Cohort studies such as the Oxfordshire community stroke project [148] and
the population-based study from Rochester [147] both showed a significant excess risk the first
year after stroke. Cumulative rates of developing late seizures after cerebral infarction of 5—
7.4% by year 5 [147] have been found, whereas the prevalence of post stroke epilepsy 7-8 years
after an ischemic stroke was 3.1% in the Akershus Stroke Study [150].

Our study shows that the risk of seizures is substantially increased well beyond 7—10 years post
stroke. Calculating PAR% we could show that prior hospitalization for stroke accounts for
12.8% of patients with new-onset unprovoked seizures/epilepsy in the adult population where
cerebral infarction was the major contributor.

Few studies have analysed the association between myocardial infarction and seizures. The
modest increase in OR for development of seizures after a discharge diagnosis of myocardial
infarction did not follow the pattern of stroke with an excess risk seen the first year after the
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diagnosis, but was highest >9 years after the myocardial infarction. There are limited data on
diabetes as a risk factor for epilepsy. A previous smaller Swedish case-referent study reported
an OR for the risk of developing unprovoked seizures of 2.7 for diabetes (p = 0.31) [84]. We
included this diagnosis for the possibility of an interaction with the other risk factors in our
study, an interaction which was not supported by our results.

We found no association between socioeconomic class and risk of unprovoked seizures.
Although indices of low socioeconomic status are associated with many established risk factors
for epilepsy, previous studies of the association are conflicting [82, 84]. Poor socioeconomic
status was a risk factor for epilepsy in studies from England [82], Iceland [83], and the United
States [151], whereas a previous smaller Swedish study [84], in agreement with ours, did not
find an association between socioeconomic factors and risk of developing unprovoked seizures
in adulthood. The comparatively small differences in socioeconomic standard in Sweden might
contribute to our observations.

5.2.3 Hospitalization for psychiatric disorders before and after onset of
unprovoked seizures/epilepsy

Little is known about the interaction between bipolar disorder and epilepsy [152]. The
association between epilepsy and depression has been studied more extensively. The time
sequence between onset of seizures and psychiatric conditions has, however, rarely been
assessed before. Our findings of an increased frequency of depression preceding the seizure
disorder among cases compared to controls are in accordance with the results of two previous
population based studies [84, 153]. Hence, a case-control study from Iceland comprising 324
cases and 647 controls, found that people with incident unprovoked seizures were 1.7-fold
more likely to have a history of major depression [153]. A much smaller Swedish study
reported a 7-fold increased risk of developing unprovoked seizures with a prior history of
depression [84] Although the study from Iceland has the advantage of a rigorous validation
and classification of the depression diagnosis using DSM-1V criteria, both previous studies
obtained their information through interviews after seizure onset with inherent risks of recall
bias [84, 153] The association between epilepsy, suicide and suicide attempt has attracted
much attention [154, 155]. A Finnish population based register study found that 1.3% (n=25)
of suicide victims had a prior history of epilepsy [156], while larger register based studies
from Denmark and Iceland have shown a 3-5-fold increased risk of suicide among epilepsy
patients [153, 157]. We found an OR of 2.6 for unprovoked seizures after suicide attempt,
based on 28 cases (1.5 %) and 95 controls (0.6%), and a significantly increased risk (OR 2.8,
Cl 1.6-4.8) of suicide attempt also after the index seizure. Our observed trends towards
greater risks for patients with cryptogenic/idiopathic seizures versus seizures with a known
underlying aetiology are in line with Hesdorffer’s data [153]. The treatment of epilepsy might
increase the risk of psychiatric conditions as some AEDs can have adverse effects on mood
and behaviour [158-160]. Likewise, some antidepressants and antipsychotics might increase
or even decrease the risk of seizures [161, 162]. Unfortunately, we did not have access to data
on drug prescriptions to cases or controls and could not analyse the possible contribution of
prescribed drugs on the risk of developing seizures.
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Much of the discussion on psychiatric comorbidities has revolved around the questions of
whether these are causes or consequences of the seizure disorder, if both alternatives may be
operating, or if the comorbidities are causes common for epilepsy and psychiatric conditions
[163-165]. The temporal association between seizures and psychiatric disorders found in our
data is pointing towards the latter. Structural and functional abnormalities in frontal and
temporal lobes and abnormal secretion of neurotransmitters such as serotonin have been
suggested as potential explanations [166-168].

5.2.4 Unprovoked seizures in multiple sclerosis and systemic lupus
erythematosus

We are not aware of any previous population-based case-control study assessing the risk of
developing unprovoked seizures or epilepsy in patients with SLE. Two retrospective studies
based on SLE cohorts reported a prevalence of seizures of 11-13 % [169, 170] were the
frequency of seizure recurrence was 12-43 % [171, 172].

The age-adjusted OR (95% CI) for unprovoked seizures was 3.5 (1.5-8.1) for a hospital
discharge diagnosis of MS and 8.0 (2.2-30.0) for a diagnosis of SLE. Our estimate of the risk of
developing unprovoked seizures in MS is very similar to the standardized incidence ratio of 3.0
reported from a population-based study in Iceland [173] although the risk increase in that study
was not significant due to the small sample size. Methodological differences hamper a
meaningful comparison with previous studies that report prevalence rates of seizures/epilepsy
ranging from 0.5% to 10.8% in different mainly hospital-based MS cohorts [124, 125, 174,
175].

In comparison with some other studies we noted a high mean age at seizure onset both for the
MS [175-177] and the SLE cases [170, 172, 178]. One explanation for this discrepancy could be
that previous studies included acute symptomatic seizures. In line with our findings others have
observed that seizures are unusual in the primary progressive course of MS [179, 180].
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6 CONCLUSIONS

We have established a system for prospective identification and follow-up of patients with
newly diagnosed unprovoked seizures in Northern Stockholm, SIRE. In the present thesis, we
have used this registry to analyse the age and sex-specific incidence of single unprovoked
seizures and epilepsy and to perform case-control studies of selected known and potential risk
factors for epilepsy.

e The age-adjusted incidence for unprovoked seizures/epilepsy was in the lower range of
the incidence rates reported from Europe and the US. Rates were highest in children less
than 1 year and in the 75-79 years old. The distribution of cases by gender, seizure type
and aetiology indicate that there is no major selection bias except for a likely under-
ascertainment among the elderly. Incidence rates were similar across the three years
study period, suggesting sustainability in the ascertainment of cases.

e We could confirm, and quantify, previously known increased risks of developing
unprovoked seizures after a stroke, with similar ORs after cerebral infarction and ICH.
The risk was substantial even more than 7 years after the stroke. We could also
demonstrate a less pronounced risk increase after hospitalization for acute myocardial
infarction.

e We did not find an association between socioeconomic class and risk of unprovoked
seizures/epilepsy.

e We observed increased rates of hospital discharge diagnoses for psychiatric disorders
(depression, bipolar disorder, psychosis) and suicide attempt both predating and
succeeding seizure onset indicating a bidirectional relationship between psychiatric
disorders and seizures/epilepsy.

e The risk of unprovoked seizures/epilepsy was increased in patients with a hospital
discharge diagnosis of MS and even more so for patients with SLE, whereas RA was not
associated with an increased risk. We found a long lag time from diagnosis of MS and
SLE until seizure onset and a comparatively high age and advanced disability at seizure
onset.

6.1 FUTURE PERSPECTIVES

The identification and inclusion of cases in SIRE is continuing with more than 2000 included
incident seizure cases at present date. The methodology using the Hospital Discharge Registry
with exposure defined as ICD-diagnoses can be used for any other exposure and is well suited
for studies of injuries and accidents as an example. The registry for Prescription, set up in year
2005, also offer new opportunities of studying treatment patterns for cases included in SIRE.
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