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Summary

I. Summary

Pharmacoepidemiology studies use and effects of drugs in large numbers of people. It allows
the investigation and quantification of rare beneficial or adverse events of drugs used by the
general population under “real-world” conditions. Pharmacoepidemiologic research strongly
depends on and has been facilitated by the development of large scale health care databases.
Among these the U.K. Clinical Practice Research Datalink (CPRD) stands as one of the
largest and best validated medical records databases worldwide. The CPRD was initiated
more than 25 years ago and contains records on diagnoses, drug prescriptions, demographics,
lifestyle variables and medical procedures performed from over 12 million patients

contributing 64 million person-years of prospectively recorded primary healthcare data.

CPRD data was employed in all studies carried out in this thesis. The goal was set to identify
and analyze risk factors for new-onset seizures in patients with neuropsychiatric disorders.
While it has long been suspected that patients suffering from neuropsychiatric disorders
exhibit an increased risk of new-onset seizures no significant real-world evidence exists on

risk factors associated with these seizures.

We first investigated risk factors for new-onset seizures in adult patients with depression. Our
results suggest that patients suffering from depression were at an increased risk of seizures if
they abused drugs, suffered from alcoholism, had a history of cerebrovascular disease or
recent brain injury, comorbid dementia, or comorbid psychiatric disorders. Additionally we
found current users of cephalosporins or antiarrhythmics to be at an increased risk of seizures

compared with non-users of these drug classes.

In a follow-up study we assessed the association between antidepressant drug use and new-
onset seizures in adult patients with depression. Our data suggest that the absolute risk of
seizures in this population was rare, irrespective of whether patients used antidepressants or
not. Additionally we found that the use of selective serotonin reuptake inhibitors (SSRIs) or
serotonin norepinephrine reuptake inhibitors (SNRIs) was associated with a twofold increased
risk of seizures compared to non-use. However, tricyclic antidepressants (TCAs) at low doses,
as prescribed in this primary care setting, were not associated with seizures. Among users of
SSRIs and SNRIs, treatment initiation was associated with a higher risk of seizures compared

to longer-term treatment. Finally, we could demonstrate that higher doses of antidepressants
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prescribed were associated with an increased risk of seizures than lower doses, although small

sample sizes limited conclusiveness.

In the final study of this thesis, the potential association between antipsychotic drug use and
new-onset seizures among patients with different underlying neuropsychiatric disorders was
investigated. The results obtained in this study demonstrate that the association between
antipsychotic drug use and seizures was strongly modified by the underlying neuropsychiatric
indication. Our data shows that patients with dementia exhibited a significantly higher risk of
seizures than patients with affective disorders, irrespective of the use of antipsychotics.
Additionally, in patients with affective disorders, current use of medium to high potency first-
generation antipsychotics (haloperidol, prochlorperazine, or trifluoperazine) was associated
with a more than twofold increased risk of seizures compared to non-use of antipsychotics. In
all of these patients, use of all other antipsychotics was not associated with new-onset
seizures. In patients with dementia, current use of the second-generation antipsychotics
amisulpride, aripiprazole, risperidone, or sulpiride, was not associated with seizures, while

current use of all other antipsychotics was associated with an increased risk of seizures.

We found that the inability to adjust for confounding by disease severity, the unproven
validity of the diagnoses of affective disorders and seizures, and the limited sample sizes in

sub-analyses posed a certain limit to our studies.

Nevertheless, all studies carried out in this thesis provide new insight into the poorly
understood relationship between neuropsychiatric disorders and new-onset seizures. Formally
quantifying the occurrence of seizures and assessing risk factors for seizures among this
restricted study population was only feasible through access to the large existing data set

comprising detailed patient information available from the CPRD.



Abbreviations

II. Abbreviations

ADHD
AMPA
BCE
BCDSP
BMI
BPU
CI
CNS
CPRD
CT
DDD
EEG
FFDCA
GP
GABA
GPRD
IR
MRI
NA
NMDA
OR
PYs
RCT
SNRI
SSRI
TCA
TIA
U.S.
UK.
VAMP

Attention deficit hyperactivity disorder
Alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
Before the Christian Era

Boston Collaborative Drug Surveillance Program
Body mass index

Basel Pharmacoepidemiology Unit
Confidence interval

Central nervous system

Clinical Practice Research Datalink
Computed tomography

Defined daily dose

Electroencephalogram

Federal Food, Drug and Cosmetic Act
General Practitioner

Gamma-aminobutyric acid

General Practice Research Database
Incidence rate

Magnet resonance imaging

Not applicable

N-Methyl-D-aspartic acid

Odds ratio

Person-years

Randomized Controlled Trial

Serotonin norepinephrine reuptake inhibitor
Selective serotonin reuptake inhibitor
Tricyclic antidepressant

Transient ischemic attack

United States

United Kingdom

Value Added Medical Products

iii






Introduction Pharmacoepidemiology

1. Introduction

1.1 Pharmacoepidemiology

1.1.1 Defining pharmacoepidemiology

Pharmacoepidemiology, a subdiscipline of epidemiology, investigates use and effects of
drugs in large numbers of people.'* Combining clinical pharmacology (i.e., the study of
effects of drugs in humans) with epidemiology (i.e., the study of factors that influence or
determine the occurrence and distribution of health-related states or events in
populations),”™ pharmacoepidemiology is primarily used to study large populations of

individuals, contrary to clinical pharmacology.'

1.1.2 Historical development of pharmacoepidemiologic studies

Before the 1950s, little proof was demanded in terms of safety and efficacy prior to
introducing new drugs to the market.! Only upon occurrence of harmful events associated

with drug use, regulatory actions were taken to ensure drug safety.

One of the most far-reaching drug scandals was the extensive prescription of thalidomide,
a sedative drug, to pregnant women.” At the time thalidomide showed no toxic effects in
animals and was thus assessed and advertised as safe for use in pregnancy.’ Thalidomide
was introduced to the European market in 1957, and withdrawn only four years later.’
During this period of time, it caused birth defects in more than 10,000 children who were

born with missing limbs or limb anomalies.’

In 1962, the U.S. government thus made amendments to the Federal Food, Drug and
Cosmetic Act (FFDCA), requiring formal proof of efficacy and relative safety in terms of
risk-to-benefit ratio for any disease to be treated.® The 1962 amendments to the FFDCA
enforced the process leading to the establishment of so-called clinical trials, which are

nowadays standard procedure prior to placing a new drug on the market.®
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1.1.3 Clinical trials and the role of pharmacoepidemiology

Clinical trials are used to investigate pharmacokinetic and pharmacodynamic properties
of a drug, and to evaluate a drug’s efficacy, safety, and tolerability.® They are carried out
in a series of subsequent steps, so-called phases, where each phase is designed to

investigate a specific aspect of the process of drug development (see Figure 1 for details).

Years 012345 6 7 8 9 10
Premarketing Clinical Trials Post-marketing
Surveillance
> = > — >
”
Basle Préclinical Phasel Phase ll Phase lll Phase IV
Research Tests
Study population Animals Healthy humans Patients Patients jetsntelinder
real-life conditions
YN g o Few hundreds
’H M 10-100 50-500 o Few o g Many thousands
i)
3
Test of Test of Test of Confirm efficacy in -g Investigation of rare
Aim toxicity, safety efficacy a larger population & adverse events,
P c
pharmacokinetics and and and = drug use patterns,
-dynamics tolerability dose range % compliance,
; drug-drug interactions
=

Figure 1: Clinical trials are carried out in a step-wise manner. Each phase of the trial aims to answer a

specific question. Figure adapted from®.

1.1.3.1 Clinical trials: phase I to I1I

Phases I to III of clinical trials are limited in sample size and observational duration (as

shown in Figure 1).

These initial phases of clinical trials are conducted in a well-defined, yet artificial
environment, where specific patient subgroups (e.g., elderly patients, polymorbid patients
who use various drugs, women of childbearing age, and children) are excluded from the

analysis.’
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1.1.3.2 Clinical trials: phase IV

As the drug is placed on the marked and thus used by the general population, including all
patient subgroups, phase IV of clinical trials is initiated. The so-called post-marketing
surveillance phase studies beneficial and adverse effects of drugs in the general
population.® Since drugs are often used over longer periods of time in “real life” than in
phases I to III of clinical trials, phase IV investigates rare or delayed adverse or beneficial

effects that were not noticed prior to market introduction.'

The post-marketing surveillance comprises pharmacovigilance and
pharmacoepidemiology studies. Pharmacovigilance studies are based on spontaneous
reporting systems of adverse drug events, and are important to detect signs of adverse
events not seen in phases I-III of clinical trials.” Such reports are however difficult to
interpret; only a small (unknown) proportion of suspected adverse events of drugs are
reported spontaneously, and adverse events are more likely reported if they are serious, or
if the drug has received a lot of media attention.™”*

Formal quantification and investigation of adverse drug events is done in
pharmacoepidemiologic research.'® Therefore, it is essential to know the number of
people exposed and not exposed to the drug under investigation, as well as the number of
people in each group who developed the outcome in question. In conclusion, the major
goal of pharmacoepidemiologic research is to describe drug utilization patterns under
“real life” conditions and to quantitatively investigate previously undetected beneficial or

adverse drug effects.’
1.1.4 Association types in pharmacoepidemiology

Pharmacoepidemiology investigates potential associations between drug exposure and
beneficial or adverse outcomes. An association is defined as two events (i.e., drug
exposure and outcome under investigation) occurring together repeatedly, with this
repeated occurrence taking place more often than a chance occurrence.’ The following
four scenarios can result from investigating such potential associations: No association,

artifactual associations, indirect associations, or causal associations.’
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1.1.4.1 No association

No association between exposure and outcome is observed when exposure and outcome
are in fact independent of one another or when the power of the study was too low to

detect an association.

The power of a study can be defined as the probability to detect an association between
exposure and outcome if the association exists.” The power increases with the precision of

the outcome variable, the strength of the association, the sample size, and increased o-

level (refer to 1.1.4.2)."

1.1.4.2 Chance and bias — two types of artifactual associations

Chance (i.e., random error), is a random variation due to every study being performed on
only a sample of the entire population while inferring from this subset to the whole
population. Depending on the analyzed sample results will vary due to irregular
variations. Random errors associated with the results obtained from analyzing such
subsets will decrease with increasing sample size.>**

Whether associations observed between exposures and outcomes are due to chance or not
can be assessed by statistical testing. First, an (arbitrarily) selected level, the a-level, is
set. The a-level specifies the probability P that an association is due to chance only when
in reality no association exists.* As a standard, an o-level of 0.05 is chosen, referring to
the P-level reported in most pharmacoepidemiologic studies.*'°A reported association
between a specific exposure and outcome with a P-value smaller than 0.05 (P<0.05) is
interpreted as a statistically significant association, thus ruling out the possibility of a
chance finding with a confidence of greater or equal to 0.95 (> 95%).*” P-values do not
convey a message on the strength or the relevance of an association; they simply convey a
message on how unlikely an observed association would be if in reality there was no

association.'”

In contrast to chance, bias (i.e., systematic error), is a systematic variation due to treating
or evaluating two study groups consistently differently. Unlike chance, bias is insensitive

to sample size and cannot be ruled out by statistical testing.8



Introduction Pharmacoepidemiology

Bias can cause an apparent association between exposure and an outcome when in reality
no association exists.” It is therefore important to prevent bias by selecting a proper study
design since it cannot be controlled for after study completion. The literature

distinguishes broadly between two types of bias: selection and information bias.

Selection bias refers to situations in which the estimated effect of an exposure on an
outcome is distorted due to procedures used to select subjects for study participation.”®
For example, if study participation is voluntary, participators might differ systematically
in exposure and outcome status from those declining participation; since the association
between exposure and outcome among nonparticipants is unknown, so is the degree of the

systematic error introduced.®

Information bias refers to situations in which the estimated effect of an exposure on an
outcome is distorted because the information collected on exposure and/or outcome is
erroneous.” Common types of information bias are measurement bias (i.e., measurement
of exposure or outcome is not done in a comparable way in groups to be compared),
recall bias (i.e., individuals affected by the outcome remember exposures differently than
individuals not affected by the outcome), or interviewer bias (i.e., interviewers behave

differently with the groups to be compared).®

1.1.4.3 Indirect associations

Indirect (“spurious™) associations result from confounding. Confounding variables are
variables other than the exposure or outcome under investigation. They are associated
with the exposure (without being an effect of the exposure) and are risk factors for the
outcome, creating an apparent association or masking a real association between exposure

and outcome.®’

An example of a confounder is the apparent association between wearing leather shoes in
bed at night and suffering from a headache the morning after. One could claim that
wearing leather shoes at night causes headaches, when in reality it is heavy drinking

associated with forgetting to take off the shoes before going to bed."'

Confounding in pharmacoepidemiologic studies can be limited if the existence of a

confounder is known and if the confounder can be measured.® This can be done by
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restricting the study population (i.e., exclusion of individuals with potential confounders),
matching cases and controls (in case-control analyses) or exposed and non-exposed
individuals (in cohort studies) on potential confounders, stratifying the analyses by the

potential confounder, or mathematical adjustments in the analysis.®

1.1.4.4 Causal associations

The primary aim of pharmacoepidemiologic research is to determine whether a certain
exposure is causally associated with a specific outcome. However, statistical testing
cannot assess causality and thus an observed association can, even when statistically
significant, be simply due to bias or confounding (see previous chapters for a discussion

of these factors).

Nevertheless, certain criteria that were developed in 1965 by Sir Austin Bradford Hill,"
can be applied to assess the likelihood of a causal association. The most important of
these criteria for pharmacoepidemiologic research, and their respective meanings, are

summarized in Table 1.

Table 1: Bradford Hill criteria and their respective meanings used to assess causality in pharmacoepidemiologic studies

(summarized from'?).

Criterion Meaning
Strength of the association The stronger the association the more likely a causal link.
Consistency The association has been observed by different investigators, in different places and

times, and under different circumstances.
Temporality The exposure must precede the outcome.

A typical pitfall: a drug is taken for early signs of a disease which has not yet been

diagnosed. The temporal sequence suggests that the drug causes the disease, when in

reality the disease started before the drug exposure.

Dose-response relationship The higher the exposure (e.g. an increase in drug dose) the greater the effect (e.g.
adverse event).

Biological plausibility/Coherence Good general theory to explain a causal link.

with existing information The association makes sense taking into account the evidence from the literature;
however this criterion strongly depends on the available literature.
This criterion is never absolute, as knowledge changes over time, and so does

plausibility that something is true.

Experimental evidence Changing the exposure under controlled conditions causes a change in the outcome.

Reversibility Removal of exposure leads to decline in outcome.
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None of these “Bradford Hill criteria” are considered sufficient to prove causality.'
However, the more criteria are met, the more likely an association is causal.’ Thus, any
observed association in pharmacoepidemiology has to be interpreted in the context of the

best evidence available at the time the study is carried out.’
1.1.5 Study designs in pharmacoepidemiology

Pharmacoepidemiologic research is frequently categorized into observational studies
(descriptive studies, analytical studies) and interventional studies (e.g. randomized
controlled trials)."? Depending on the purpose of the research, some study designs are
better suited than others (refer to the subsequent chapters for discussion of the different

study types).

1.1.5.1 Observational studies

Observational studies are categorized into descriptive or analytical studies and are used to
investigate drug utilization patterns and drug safety."> A major advantage of observational
studies is that they can be applied if interventional studies are unethical (e.g., if an
exposure is known to be harmful), unnecessary (e.g., if an intervention is already proven

to be efficient), or not feasible (e.g., if the outcome is rare or delayed)."
1.1.5.1.1 Descriptive studies

Descriptive studies are employed to characterize existing distributions of exposures or
outcomes without investigating causal inferences.” Descriptive studies are useful for
generating hypotheses, although they cannot be applied to determine whether exposure or
outcome occurred first."> Additionally, due to the lack of comparison groups, no causal
associations can be determined.>'>'” In the following, the different types of descriptive
studies including case reports, case series, ecologic studies, and cross-sectional studies are

discussed.

Case reports describe the experience of one patient while case series describe the
experience of several patients when using a particular drug (e.g., what clinical features are
observed after a drug overdose?). Case reports and case series do not provide sufficient

evidence for making causal inferences, but they often give rise to hypotheses.”’ For
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example, several authors reported seizures as an adverse event in patients using second-
generation antipsychotics such as quetiapine, aripiprazole, or olanzapine, in therapeutic or
in overdoses.'®°

Ecologic studies do not investigate data from individual patients, but from groups. These
studies can be useful to describe differences in the prevalence of certain exposures and
outcomes between groups or countries.'” However, no conclusions can be drawn at the
individual level, because confounding factors of the individuals are unknown."” In a
recent study the correlation between antidepressant prescribing patterns in Organization
for Economic Co-operation and development (OECD) countries and the rates of suicide
was assessed.”’ While a weak positive correlation between antidepressant use and suicide
was observed between countries, no inference could be made at a person’s individual risk

of suicide associated with the use of antidepressants.”!

In cross-sectional (prevalence) studies, a certain exposure or outcome in a population is
assessed at a specific point in time, or during a specific time span. The prevalence of an
exposure or outcome is defined as the total number of individuals who have the exposure
or outcome under investigation at a particular time (or over a particular time span),
divided by the population at risk of having this exposure or outcome at that time (or over
that particular time span).” The prevalence of an exposure or outcome in a population is
often reported as a percentage. Examples of cross-sectional studies are investigations on

. . . . . . . 22,2
lifetime prevalence estimates of major depression across different countries.”**

1.1.5.1.2 Analytical studies

Analytical studies assess and quantify the association between exposures and outcomes.”
Cohort and case-control studies are two main study types used to test hypotheses on the

etiology or risk factors for an outcome.

Cohort studies identify the study population based on exposure status, as described in the
following two paragraphs summarized from®*. The population is followed over time to
investigate differences in outcomes between the different exposure groups. In their
simplest form, cohort studies compare exposed individuals (i.e., individuals with the

alleged risk or protective factor) to unexposed individuals (i.e., individuals not having this
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factor) with regard to subsequent outcome frequency. In more elaborate settings, different

exposure groups can be studied simultaneously.

In cohort-studies, the study population is initially outcome-free and the occurrence of the
outcome is measured over time. This type of study can be performed prospectively (i.e.,
data on exposure and outcomes is collected while the study is conducted) or
retrospectively (i.e., data on exposure and outcomes is already available at the time the

study is conducted) (see Figure 2, upper part).

Exposure Outcome  Exposure Outcome
I N I N
i P 7

Now
> Time
Exposure %-
> Time

Figure 2: Settings of cohort and case-control studies (adapted from***°).

For example, a British cohort study published in 2011 assessed the association between
the use of tricyclic and related antidepressants, monoamine oxidase inhibitors, selective
serotonin reuptake inhibitors, or other antidepressants, and severe adverse events, in

depressed patients aged 65 or over.*®
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In a case-control study, the study population is identified based on outcome status. Cases
with an outcome are compared with controls without the outcome, looking for differences

in antecedent exposures (see Figure 2, lower part).”

In a case-control study conducted between 1995 and 1999, the cases were all Icelandic
patients aged 10 years or over who had a first unprovoked seizure; for each case, a
suitable age-matched control who did not have seizures up to the time the case had a
seizure was identified.”” The odds ratio of antecedent major depressive disorder was 1.7-
fold increased among cases compared with controls, suggesting that major depressive

. . . . 2
disorder is a risk factor for first unprovoked seizures.”’

Table 2 summarizes advantages and limitations of cohort studies and case-control studies.
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Table 2: Differences between cohort- and case-control studies, and advantages and limitations of both study designs.

9,13,24,2528

Pharmacoepidemiology

Cohort study Case-control study Comments
Sample size Large Usually smaller than cohort study
Time Slow Rapid Not an issue for retrospective database
research using medical records
Cost High Usually smaller Not an issue for retrospective database
research using medical records
Analysis Computationally more complex than case-control studies =~ Computationally easier than cohort studies Especially if time-dependent exposures

are analyzed

More suited for

Rare exposures: special groups with a high frequency of

the exposure can be identified and included in the study

Rare outcomes: a sufficiently large number of cases

with the outcome can be included

population
Outcomes to be studied Multiple Just one In case-control studies, it is important to
ensure that the exposure occurred prior to
the outcome
Exposures to be studied Just one Multiple

Measures

All measures, including incidence rates, attributable risks,

and relative risks

Only odds ratio: incidence rates cannot be
calculated as the size of the population at risk is

unknown

The odds ratio is a valid estimate of the
relative risk if: 1) the cases are
representative of the population at risk, 2)
the controls are randomly selected from
the population giving rise to the cases, 3)
the outcome is rare in the population at

risk (<5%)

Validity of exposure data

Generally higher than in case-control studies (as

participants are selected based on their exposure)

Generally lower than cohort studies: retrospective

assessment of exposure limits its validity

Not an issue for retrospective database

research using medical records

11
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Table 2 (cont.)

Pharmacoepidemiology

Cohort study

Case-control study

Comments

Comparison of exposed and
unexposed groups/ cases and

controls

Exposed and unexposed individuals must be as similar as
possible at baseline in all aspects except the exposure

under investigation

Controls should be selected from the same

population that gave rise to the cases

Causal relationships

More reliable: all subjects are outcome-free at the
beginning (temporal relationship given), and exposure

information can be more accurately assessed

Less reliable: temporal relationship not as easily

identified, exposure information can be biased

Not an issue for retrospective database

research using medical records

12
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Generally one refers to a nested case-control study when the population within which a case-
control study is conducted is well defined.® Nested-control studies rely on the advantages of

both cohort and case-control studies.
The following paragraph represents a summary of>:

In a nested case-control study a cohort of individuals is followed until they develop the
outcome under investigation or until their follow-up ends due to other reasons (e.g., death or
loss to follow-up). The analysis is then conducted as a case-control analysis. The individuals
who developed the outcome are defined as cases, and the date of their outcome is named
index date. The individuals who did not develop the outcome up to the index date of the case
are potential controls. Instead of analyzing the whole original cohort of individuals (as is
done in cohort studies), only the cases and a defined number of all potential controls are
analyzed. Thus, nested case-control studies are well suited to investigate time-dependent
exposures (e.g., drugs in a large cohort of individuals followed over many years). In such
cases, nested case-control analyses are computationally less complex than analyses of the

entire cohort.

Additionally, nested case-control studies are advantageous if exposure information is costly
(e.g., analyses of blood samples), and when seeking this information for everyone in the

cohort is too expensive.®

1.1.5.2 Experimental (interventional) studies
The following paragraph represents a summary of*:

Experimental studies are cohort studies in which the exposure status is determined by the
investigators. This study design allows testing the efficacy or risk of an intervention. In
randomized control trials (RCTs), the intervention is allocated randomly (i.e. the assignment
is unpredictable). The major strength of this design is that investigators cannot allocate the
intervention, thus all patients are as likely to receive it. Thus, in large RCTs the groups with or
without the intervention are likely to be similar with regard to potential confounding variables

(e.g., age, sex, severity of disease).

As selection bias and confounding are avoided, associations demonstrated in RCTs are more

likely to be causal than those demonstrated in observational studies.” However, RCTs lack
13
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generalizability, since they cannot assess safety issues in large populations of individuals who

... . .. .29
use drugs under everyday conditions in clinical practice.

1.1.6 Data sources in pharmacoepidemiology

The increased availability of large health care databases has facilitated
pharmacoepidemiologic studies. Thus, drug utilization or safety studies can be conducted in
subgroups of patients that were excluded from clinical trials. Additionally, if multiple years of

patient follow-up data are available, assessment of long-term safety of drugs is possible.’

Available databases can be divided into the two main categories medical records databases
(data is collected by physicians [usually primary care providers] who enter information on
patients while providing medical care) and administrative databases (data is collected
primarily for administrative purposes, such as reimbursement of health care services).*””°

One of the largest and best validated medical care databases worldwide is the U.K. Clinical
Practice Research Datalink (CPRD).>' This database was established in 1987 as ‘Value Added
Medical Products (VAMP)’ database, and was long known as ‘General Practice Research
Database (GPRD)’.*> In 2011, the CPRD contained records from more than 12 million
patients contributing 64 million person-years of prospectively recorded primary healthcare

data.*?

The U.K. health care system is particularly suitable for establishing primary care research
databases such as the CPRD, as almost every person in the U.K. is registered with a general
practitioner (GP) who functions as a ‘gate-keeper’ in the healthcare system. Secondary care
(specialist care, hospital care, etc.) is either provided at the request of the GP, or if directly
assessed, full disclosure from secondary care is reported back to the GP.>* Through this
prospective recording by the GPs and the nearly complete medical histories of patients, this

database is especially valuable for pharmacoepidemiology.

While prescription data is nearly completely documented as the GPs use the computer to
generate prescriptions, diagnoses must be manually recorded and can therefore be incomplete
or wrongly coded.** Although the validity of the diagnoses recorded in the CPRD is high
(with an average positive predictive value of almost 90%), records of acute disorders may be

less valid than records of chronic disorders.***

14
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Today, researchers can access through a linkage system data from secondary care hospital
episode statistics, death certification data, socioeconomic classification data, and disease
registry data including the National Cancer Intelligence Network and the Myocardial

Infarction National Audit Program register.”

Table 3 summarizes different data types available to researchers from the CPRD.

Table 3: Overview of the different data types available to researchers from the CPRD.*

Data Details

Patient characteristics Gender, birth year, weight, height, body mass index, occupation, ethnicity,

marital status etc.

Patient demographics Practice attended, U.K. region the patient lives in

Medical diagnoses Recorded as “Read codes”

Drug prescriptions Including quantity of the prescribed drug, and dose instructions
Lifestyle variables Smoking status, alcohol consumption

Referrals to hospitals or specialists With diagnoses, drug prescriptions

Laboratory tests E.g. blood and urine tests

15
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1.2 Seizures and Epilepsy

1.2.1 Defining seizures and epilepsy

Seizures are transient disruptions of brain function resulting from excessive neuronal
activi‘[y.36 Depending on location and extent of the affected brain regions, seizures result in
alterations of muscle tone, sensations, consciousness, or behavior.*® Seizures are clinical
events that can occur in all people for example after sleep withdrawal, overdoses or

withdrawal from certain drugs, or hypoxia.”’

Epilepsy is a chronic condition of repeated spontaneous seizures.>® Spontaneous seizures are
defined as seizures without a direct precipitating cause. A diagnosis of epilepsy requires either
at least two spontaneous seizures occurring more than 24h apart, one spontaneous seizure
with a high risk of recurrence, or the diagnosis of an epilepsy syndrome (defined by a cluster
of symptoms occurring together including seizure type, etiology, age of onset, and other

38,39

factors). Epilepsy is a disorder of the brain that is characterized by an enduring

. .. . 37
predisposition to generate seizures.

1.2.2 History of seizures and epilepsy

Seizures and epilepsy have been studied by medical scholars throughout time. One of the
earliest publication on epilepsy, “the Sacred Disease”, part of the Hippocratic Collection, was
written in 400 BCE, potentially by Hippocrates himself.** It was suggested that epilepsy is a
hereditary disorder of the brain, and thus contemporary beliefs that seizures and epilepsy were

a sign from the gods were refused*’:

“My own view is that those who first attributed a sacred character to this malady [i.e.,
epilepsy] were like the magicians, purifiers, charlatans and quacks of our own day, men who
claim great piety and superior knowledge. Being at a loss, and having no treatment which
would help, they concealed and sheltered themselves behind superstition, and called this

illness sacred, in order that their utter ignorance might not be manifest.”

While this early report showed profound knowledge of the human body, it was not until very
recently that the findings of Hippocrates were acknowledged. For example, throughout the
Middle Ages and the Renaissance, patients with epilepsy were thought to be possessed by the

devil and women with epilepsy were persecuted as witches.*'

16
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It was not until the mid-19" century, when John Hughlings Jackson recognized that seizures
were caused by “occasional, sudden, excessive discharges of gray matter”.*® Jackson
discovered that seizures could spread from a single focus with localized motor symptoms to
generalized seizures accompanied by loss of consciousness.*®’

Following these findings, bromide, the first antiepileptic drug, became available, followed by
phenobarbital (1912) and phenytoin (1937).*** With the development of new techniques,
such as the electroencephalogram (EEG) in 1929, neuroscientists were able to show that

. . . . [ . 139
seizures are associated with neuronal hyperexcitability in the brain.

1.2.3 Epidemiology of seizures and epilepsy

Worldwide, it has been estimated that up to 10% of people have at least one seizure at some

point in their life, and 0.4 - 1% of people suffer from epilepsy.****

In developed countries the overall incidence rate of spontaneous seizures was estimated 55

per 100,000 person—ye:ars.44’45

These data are not conclusive with regard to potential gender
differences in seizure risk.***® Spontaneous seizures occur most frequently in neonates and
infants (incidence rate 100 to 130 per 100,000 person-years) and people aged 65 years or over
(incidence rate 110 to 180 per 100,000 person-years).***

Focal seizures with or without generalization are assumed to be more common than
generalized-onset seizures; however, in most studies misclassification of seizure types is
difficult to estimate (see chapter 1 2.6). 444547

Estimates of the overall incidence rate of epilepsy range from 30 to 50 per 100,000 person-
years in high income countries to 120 per 100,000 person-years in low-income

. 424347
countries.

The higher incidence of epilepsy in low-income countries compared to high-
income countries is presumably caused by parasitic diseases associated with seizures, such as
malaria or neurocysticercosis, as well as lower standards in medical infrastructure.”’ It was
shown that incidence rates of epilepsy exhibit similar age-related trends as incidence rates of
spontaneous seizures, with peaks in the first year of life and at ages 65 or over.***’

Focal epilepsies, commonly caused by localized tumors, developmental malformations, or
damages after head trauma or stroke, account for about 60% of all epilepsies. Generalized

epilepsies, mostly based on genetic mutations, account for the remaining 40% of epilepsies.*’

17
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1.2.4 Risk factors for seizures and epilepsy

Risk factors for seizures and epilepsy vary by age groups, as Table 4 displays. Across all age

groups however, the causes of seizures remain unknown in most cases.

Table 4: Causes of seizures overall (%) and by age group (v: frequent cause in this age group).
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All ages 68% 9% 6% 5% 4% 1% 7% 1%
Neonates and children v v v v
Middle aged v v v v
Adults aged 65 v 4 v

Numerous additional risk factors for seizures have been identified (see Table 5).

Table 5: Additional risk factors for seizures

Category Risk Factor References

Heavy alcohol consumption or alcohol withdrawal 50-53

Illicit drug use >4

Medication use or withdrawal 55-60

Metabolic or electrolyte imbalances ol

1
Fever 6

seizures

Severe dehydration 62

Sleep deprivation 63,64

Additional risk factors for

60

Anoxic encephalopathy

Depression and suicidality 27,65.66

Other psychiatric disorders 6667

Migraine with aura 6869
70,71

Severe hypertension

Attention deficit (hyperactivity) disorder 2

Multiple sclerosis 73,74

Systemic lupus erythematosus 7

with an increased risk of
seizures

Preeclampsia 60

Additional disorders associated

18
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1.2.5 Mechanism of seizures

Little is known about the physiological processes underlying seizures. The following
paragraphs summarize the current knowledge about how seizures may be generated by the
brain36,39,75,

Glutamate is the major excitatory transmitter while GABA ( y-Aminobutyric acid) is the main
inhibitory transmitter in the brain. It is currently believed that excessive synaptic activity

during seizure results from an imbalance between these two antagonistic neurotransmitters.

Depolarization and thus neural excitation is triggered by two types of glutamate regulated
channels, AMPA (o-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) and NMDA (N-
Methyl-D-aspartic acid), in combination with voltage gated sodium and calcium channels.
Hyperpolarization and therefore neural inhibition is caused by activation of GABA receptor-

mediated chloride channels and different types of potassium channels.

Under normal conditions, post-hyperpolarization following an action potential prevents
immediate generation of a new action potential and thus neuron hyperexcitation. However,
during a seizure, neurons located in the seizure focus exhibit a prolonged depolarization
phase (depolarization shift), which can be identified as a sharp waveform in the EEG of
patients. The observed depolarization shift is followed by rapid firing of action potentials in
affected neurons. During such an event GABAergic inhibition of regulatory signals appears to
be suppressed, enabling the spread of neural hyperexcitability to surrounding areas in the

brain.

1.2.6 Seizure types

Focal seizures start within networks of one brain hemisphere, and are classified based on
whether they affect consciousness or awareness.’® Focal seizures can evolve to generalized

seizures affecting both hemispheres.”®

Generalized seizures begin at some point within, and rapidly engage networks distributed in

both brain hemispheres.”®

Classification and features of focal and generalized seizures are summarized in Table 6.7
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Table 6: Classification and key features of focal and generalized seizures. Summarized from*7¢”7%,

Typical manifestations Consciousness Duration

Motor symptoms: jerking, spasms, posturing, reversible weakness in one side of the body

(Todd’s paralysis)
@ Without impairment of Sensory- or psychic symptoms (i.e. aura): tingling, numbness, pain, feeling of heat,
E CONSCIOUSNess or awareness hallucinations (flashing lights), sudden intense emotions (fear, depression, anger, irritability), Preserved Mostly only a few seconds
'§ dysphasia, disturbance of memory, sensations of unreality or depersonalization, hallucination
= of vision, taste, or smell
9
;2 Altered consciousness (confusion, unresponsiveness, motor arrest)
With impairment of consciousness
Automatisms (repetitive movements such as chewing, lip smacking, fiddling, tapping, Impaired or lost Few seconds to minutes
oraareness whistling, humming, uncoordinated violent behavior)
Tonic Stiffening of muscles (e.g. contraction of facial or respiration muscles, rising up of arms) Less than 60 s, person recovers
Falling over, usually backward quickly
Clonic Jerking or twitching of limbs or body About 2 min
Mpyoclonic Brief contraction of muscles, resulting in sudden irregular jerking or twitching of trunk or one
or more limbs
Sometimes caused by drugs (antidepressants, antipsychotics), drug toxicity or withdrawal, Fraction of a second

post-hypoxic brain damage

Presentation varies from subtle jerk to violent jolt
Impaired or lost

Generalized seizures

Atonic Sudden relaxation of muscles Less than 60 s,
Person often falls over, usually forward (also called “drop attacks™) person recovers quickly
Tonic-clonic (“grand mal”) Loss of consciousness, tonic phase with flexion and rigidity Tonic phase: 10-30 s
Clonic phase with convulsions of usually all four limbs Clonic phase: 30-60 s
Stertorous breathing, froth of saliva from mouth, loss of bladder control, cyanosis Confusion after: > 10 min
Absence (“petit mal”) Abrupt loss of consciousness and cessation of motor activity, staring vacantly into space
Mostly in children or adolescents, continue into adulthood in 7-80% of cases Mostly less than 10 s

EEG diagnostic in more than 90% of cases
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1.2.7 Diagnosis of seizures

Diagnosis of an epileptic seizure mainly relies on the patient’s clinical history, rendering eye

. . Coq . C g . .78
witness reports of seizures crucial in establishing a correct diagnosis.

Although no features exclusively correlated with epileptic seizures are known, a handful of

78,79

strong seizure markers have been identified to this point: postictal confusion, occurrence

78,79 s» 78,79

preceding “déja vu” or “jamais vu”,
78,79

out of sleep,”” cyanosis,”™" lateral tongue biting,

confirmed unresponsiveness, head or eye turning to one side, rhythmic limb shaking,™

and unusual posturing.”®”’

Following an initial seizure event, an EEG recording is done to detect potential abnormalities
in electrical activity. However, less than half of patients undergoing epileptic seizures show
detectable EEG abnormalities within 24h after seizure occurrence.” Additionally, magnet
resonance imaging (MRI) or computed tomography (CT) are used to detect direct causes of

. e e . 61
seizures, such as brain injuries, brain tumors, or stroke.

A variety of medical conditions imitate symptoms of epileptic seizures leading to one third of
false epileptic seizure diagnoses.”® For example, about 20% of patients referred to epilepsy
centers have psychogenic nonepileptic seizures, by definition a psychiatric, not a neurologic
disorder.” This type of seizures is characterized by a resistance to antiepileptic drugs, unusual
triggers, a tendency to occur in the presence of an audience, a history of psychiatric

diagnoses, and the presence of a normal EEG during video monitoring of the seizure.”

Differential diagnosis of epileptic seizures should therefore include the following seizure

.. 1 1
1m1tators6 808 :

1. Neurological disorders such as transient ischemic attacks, transient global amnesia,

migraine, restless legs syndrome.

1.  Cardiovascular disorders such as vasovagal syncopes, orthostatic hypotension, cardiac

arrhythmias, or structural heart disease.
iii.  Sleep disorders such as obstructive sleep apnea, hypnic jerks, or narcolepsy.
iv.  Movement disorders such as paroxysmal dyskinesia.
v.  Psychological disorders such as night terror, panic attacks, or psychogenic

nonepileptic seizures.
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From the seizure imitators listed above syncopes and psychogenic nonepileptic seizures are
most frequently misdiagnosed as epileptic seizures.”’ It has been reported that the occurrence
of syncopes is more likely compared to epileptic seizures when nausea, sweating,
lightheadedness, or prolonged standing or sitting precede the event.”*™ Motor symptoms
associated with syncopes are clonic or myoclonic but stop once the patient lies horizontally.”
Additionally, bradycardia and hypotension are more common in patients with syncopes, while

tachycardia and hypertension are more common in patients with epileptic seizures.'
1.2.8 Therapy of seizures

Currently, no cure for epilepsy exists. However, available therapies reduce seizure occurrence
39,82

in 70-80% of patients and thus strongly improve quality of life.
While first-time seizures are treated pharmacologically only under certain circumstances,
recurrent seizures in patients with epilepsy are treated with antiepileptic drugs to reduce

morbidity and mortality associated with further seizures.*

Anti-seizure drugs can be categorized according to different types of mechanism:

1) Sodium channel blockers inhibit Na"-channels to recover from inactivation und
reduce the ability of neurons to fire action potentials at high frequency (e.g.,

carbamazepine, lamotrigine, phenytoin, topiramate, valproic acid, and zonisamide).

2) GABAA\ receptor agonists inhibit the postsynaptic cell by increasing the inflow of
chloride ions into the cell, thus hyperpolarizing the neuron (e.g., benzodiazepines and
barbiturates)

3) Inhibitors of the presynaptic GABA transporter promote GABA release into the
synaptic cleft (e.g. tiagabine).

4) Calcium channel blockers inhibit opening of voltage-gated T-type Ca**-channels
thus reducing Ca>" ion inflow and postsynaptic neuron depolarization (e.g.,
ethosuximide, valproic acid).

5) NMDA-type and AMPA-type glutamate receptor antagonists reduce Na" ion
inflow into the postsynaptic neuron, thus inhibiting postsynaptic depolarization (e.g.

felbamate, topiramate, phenobarbital, tiagabine).
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2.  Aims of the thesis

Neuropsychiatric disorders have repeatedly been reported to increase the risk of seizures.?”

678386 The overall aim of this thesis was to study the occurrence and the determinants of new-

onset seizures among patients with neuropsychiatric disorders under real-world conditions.

An initial project aimed to explore risk factors for new-onset seizures among adult patients
with depression. Although several observational studies have reported a correlation between

. . 2 -
depression and seizures,””*> %

risk factors for new-onset seizures in patients with depression
have not been investigated. Thus, this project assessed the association between lifestyle
factors (e.g., drug abuse, alcoholism, and smoking), neurologic or psychiatric comorbidities,

and concomitantly used drugs, and new-onset seizures in adult patients with depression.

Two subsequent studies aimed at investigating the association between psychotropic drug use
and seizures, thereby discriminating between potential drug effects and effects of the

underlying neuropsychiatric disorders.

The purpose of the second project was to explore the association between antidepressant drug
use and new-onset seizures among adult patients with depression. Since antidepressants are
used for numerous disorders (i.e., depression, anxiety disorders, bipolar disorder, obsessive-
compulsive disorders, post-traumatic stress disorder, and chronic pain),*” and since seizure
risk might be affected differently by these disorders, the study population was set to users of
antidepressants for unipolar depression. As seizure risk is increased when applying

57,88-90

antidepressants in overdose, this study aimed to explore dose-dependent effects within

therapeutic dose ranges of antidepressants.

The third project studied the association between antipsychotic drug use in adults with
neuropsychiatric disorders and new-onset seizures. Little evidence on antipsychotic-induced
seizures can be found and to this day the role of the underlying indication has not been

investigated.”**

This project thus aimed to explore the risk of seizures associated with
antipsychotic drug use for patients with underlying schizophrenia, affective disorders, or

dementia.
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3.  Seizure projects

3.1 Project 1: Risk factors for seizures in adult patients with depression
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Project 1: Risk factors for seizures in adult patients with depression
3.1.1 Abstract
Objective
To investigate risk factors for incident seizures among adult patients with depression.
Methods

We conducted a nested case-control analysis in adult patients with newly diagnosed
depression, using data from the U.K.-based Clinical Practice Research Datalink (CPRD).
Among cases with incident seizures and matched controls, we estimated odds ratios (ORs)
with 95% confidence intervals (CIs) of potential risk factors for seizures as reported from data
of the general population: underweight (body mass index <18.5 kg/m?), smoking, alcoholism,

drug abuse, psychiatric or neurologic comorbidities, and concomitant use of drugs.
Results

Of 186,540 patients with depression, 1,489 developed a seizure during follow-up. Being
underweight (OR, 1.67 [95% CI, 1.23-2.26]), a current smoker (OR, 1.45 [95% CI, 1.26-
1.67]), having alcoholism (OR, 2.98 [95% CI, 2.56-3.47]), and drug abuse (OR, 2.51 [95%
CI, 1.94-3.24]), were associated with increased risks of seizures compared to normal weight,
non-smoking, no alcoholism, and no drug abuse, respectively. Previous stroke/transient
ischemic attack (OR 6.07 [95% CI, 4.71-7.83]) or intracerebral bleeding (OR 8.19 [95% CI,
4.80-13.96]), and comorbid dementia (OR 6.83 [95% CI, 4.81-9.69]), were strongly
associated with seizures. Current use of cephalosporins (OR, 2.47 [95% CI, 1.61-3.78]) and
antiarrhythmics (OR, 1.59 [95% CI, 1.26-2.01]) was associated with an increased risk of

seizures compared to non-use.
Conclusion

Among adult patients with depression, being underweight, smoking, alcoholism, and drug
abuse, were associated with seizures. Remote stroke and comorbid dementia were strong risk
factors for seizures. Current use of cephalosporins or antiarrhytmics was associated with an

increased risk of seizures compared to non-use.
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Project 1: Risk factors for seizures in adult patients with depression
3.1.2 Introduction

Depression is a common and disabling disorder. Lifetime prevalence estimates of major
depression range between about 7% in some Asian countries to about 20% in certain
European countries and the United States.*” Patients with depression develop seizures more

frequently than individuals without depression,?”*>¢’

and it has been suggested that common
neurobiological abnormalities increase the risk for both disorders.** Apart from depression,
suicidal ideation/attempt, psychiatric disorders including schizophrenia, bipolar disorder, and
obsessive-compulsive disorders, and neurologic disorders including dementia, Parkinson’s
disease, multiple sclerosis, ischemic or hemorrhagic stroke, transient ischemic attack (TIA),
brain infections, brain tumors, severe brain trauma, or migraine with aura, have been

. . . 27,61,62,66,69,78
associated with seizures.””> <777

Use of antidepressants, antipsychotics, antimalarials,
antibiotics, antivirals, immunosuppressants, stimulants, sedatives, or opioids, has also been
associated with the occurrence of seizures.”>***% Alcohol intoxication, withdrawal or
dependence, or abuse of recreational drugs, are recognized risk factors for seizures.”*>*’®

No observational study has yet explored risk factors for new-onset seizures among patients
with depression. This study aimed to investigate in detail which lifestyle factors,

comorbidities, and co-medications are associated with seizures among adult patients with

depression.

3.1.3 Methods
Study design and data source

We conducted a retrospective population-based nested case-control study using data from the
U.K.-based Clinical Practice Research Datalink (CPRD). The CPRD encompasses
approximately 10,000,000 patient records provided by general practitioners (GPs) throughout
England, Wales, Scotland and Northern Ireland.’' The patients enrolled in participating
practices are representative of the U.K. with regard to age, sex, and geographic distribution.
Researchers have access to anonymized data of patients which encompass demographics,
lifestyle factors, medical diagnoses (recorded as ‘Read codes’), and drug prescriptions. The
recording of diagnoses and drug prescriptions has been validated and proven to be of high
quality.*** Data from the CPRD have repeatedly been used to conduct observational studies

9698

on depression and seizures.®™*”'® This study was approved by the Independent Scientific

Advisory Committee for Medicines and Healthcare products Regulatory Agency research.
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Study population

We identified all patients aged 18 to 89 years with an incident depression diagnosis followed
by an antidepressant drug treatment, or a first prescription for an antidepressant drug followed
by an incident depression diagnosis within one year thereafter, between January 1998 and
December 2012. Incident depression was defined by Read codes corresponding to the
International Classification of Diseases version 10 (ICD-10) codes for depression. The date of
the incident depression diagnosis or the first prescription for an antidepressant drug,
whichever came first, will subsequently be called ‘start date’. We excluded patients with a
recorded history of epilepsy or seizures, any antiepileptic drug therapy, HIV, non-cerebral
malignancy, or benign or malignant brain tumors prior to the start date. Patients had to have
had at least three years of active history in the database prior to the start date to minimize

inclusion of patients with prevalent rather than incident depression.

Definition of cases

Cases were patients in the study population who had at some point after the start date (1) an
incident diagnosis of seizures or epilepsy defined by recorded Read codes corresponding to
ICD-10 codes for seizures or epilepsy, (2) a first prescription for an antiepileptic drug
followed by an incident diagnosis of seizures or epilepsy (as defined under [1]) within three
months thereafter, or (3) a first prescription for an antiepileptic drug preceded or followed by
a Read code record of a suspected seizure within three months before or after, provided that
an incident diagnosis of seizures or epilepsy (as defined under [1]) followed at any time
thereafter. The date of (1), (2), or (3), whichever came first, will be referred to as ‘index date’.
Cases older than 90 years were excluded as were those with a record of HIV, non-cerebral
malignancy, or benign or malignant brain tumors diagnosed between the start date and the

index date, or within one month after the index date.

Control selection

For each case we identified up to four controls from the study population who had no
diagnoses for seizures during the study period. We matched controls to cases on index date,
age (+/- 2 years), sex, GP practice, number of years of history in the CPRD prior to the index
date (+/- 2 years), and - to match on a proxy for depression severity - antidepressant exposure

at the index date, defined by the quantity and type of antidepressant prescribed by the GP at

32



Project 1: Risk factors for seizures in adult patients with depression

the closest visit prior to the index date and the daily dose instructions recorded. If no dose
instruction was available, we used default values in the following order: (1) the dose
instruction given for the same drug at any time prior to the index date, (2) the defined daily
dose if no dose instruction was recorded at any time prior to the index date, or (3) the dose of
one unit (i.e. tablet or capsule) of sustained release forms. We matched cases and controls on
the following types of antidepressant exposure at the index date: (1) ‘No antidepressant
treatment’: the patient had been diagnosed with depression, but had not yet received a
prescription for an antidepressant; (2) ‘Mono use’ of antidepressants: the patient was
prescribed only one of the following antidepressants at the index date: (a) selective serotonin
reuptake inhibitors (SSRIs) [citalopram, escitalopram, fluoxetine, paroxetine, sertraline, or
fluvoxamine], (b) serotonin norepinephrine reuptake inhibitors (SNRIs) [venlafaxine and
duloxetine], (c) tricyclic antidepressants (TCAs) [amitriptyline, clomipramine, doxepin,
imipramine, trimipramine, nortriptyline, lofepramine, and dosulepin], or (d) ‘other
antidepressants’ (reboxetin, mirtazapine, bupropion, trazodone, viloxazine, nefazodone, St.
John’s wort, tryptophan, or agomelatine); (3) ‘Mixed use’ of antidepressants: the patient was
prescribed concomitantly at least two of the antidepressants listed above at the index date; (4)
‘Past use’ of antidepressants: the patient had been prescribed antidepressants in the past, but

the treatment had elapsed. We applied the same exclusion criteria to controls as to cases.
Exposure variables

We assessed information on body mass index (BMI) [<18.5, 18.5-24.9, 25.0-29.9, >30 kg/m”,
or unknown], lifestyle factors including smoking status (non, current, former, or unknown),
alcohol consumption (none, 1-14, 15-28, 29-42, >42 units/week, or unknown), alcoholism
(based on Read codes), and drug abuse (based on Read codes) recorded at any time prior to
the index date.”'~*!11-102

We assessed the prevalence of any of the following comorbidities based on Read codes
recorded at any time prior to until three months after the index date: schizophrenia, manic
episodes/bipolar disorder, obsessive-compulsive disorder, anxiety disorders, suicidal
ideation/suicide attempt, dementia, Parkinson’s disease, multiple sclerosis, intracerebral
bleeding, ischemic stroke/TIA, major head trauma (head trauma with intracranial injury),
meningitis or encephalitis, brain abscess, migraine, attention deficit hyperactivity disorder

(ADHD), and sinus vein thrombosis.*”¢!:62:67:69.72.78
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Lastly, we assessed the use of drugs that have been reported to alter the risk of seizures:
atypical or typical antipsychotics, benzodiazepines or non-benzodiazepine hypnotics,
barbiturates, penicillins, cephalosporins, fluoroquinolones, carbapenems, antimalarials,
antivirals, immunosuppressants, opioids, anticonvulsants, antiarrhythmics, and stimulants.> %
‘Non-users’ of such drugs were those with no prescriptions prior to the index date, ‘current

users’ and ‘past users’ received the last prescription <90 days or >90 days prior to the index

date, respectively.
Data analysis

Analyses were conducted with SAS statistical software (version 9.4; SAS Institute, Cary, NC,

USA), using conditional logistic regression methods for matched case-controls studies.

We calculated crude odds ratios (ORs) with 95% confidence intervals (Cls) for each exposure
variable and exposure level for which numbers of observations were sufficient to conduct
meaningful analyses. All estimated odds ratios were conditional on the matching factors. We
calculated odds ratios for all comorbidities (yes/no). Additionally, for psychiatric
comorbidities and acute neurologic comorbidities (intracerebral bleeding, ischemic
stroke/TIA, major head trauma, meningitis or encephalitis, and brain abscess), we categorized
diagnoses by the timing (within 12 months prior to until 3 months after the index date, >12
months prior to the index date). We calculated odds ratios for drugs categorized by timing of
use (current, past use), and for current use by the number of recorded prescriptions prior to the

index date (1-3, >3).
3.1.4 Results

Of 186,540 patients with depression, there were 1,489 cases with a diagnosis of an incident
seizure or epilepsy. The mean age of cases (+/- standard deviation) was 47.2 (+/- 18.9) years

and 51.2% of patients were female.

Approximately 40% of cases were aged 18-39 years, 30% 40-59 years, and 30% 60-90 years
at the index date (Table 7). More than 50% were past users of antidepressants while almost
30% were current mono users of an SSRI. Being underweight (BMI <18.5 kg/m?) was
associated with an increased risk of seizures compared to normal weight (BMI between 18.5
and 25.0 kg/m?). Current smoking, drinking more than 42 units of alcohol per week,
alcoholism, and drug abuse (mainly unspecified drug abuse, abuse of opioids, cannabis, or
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anxiolytics/hypnotics) were associated with increased risks of seizures compared to non-

smoking, non-drinking, no alcoholism, and no drug abuse, respectively (Table 7).

Anxiety disorders and suicidal ideation/suicide attempt were most frequently observed among
cases and controls (Table 8). People with depression and one of the following comorbidities,
schizophrenia, manic episodes or bipolar disorder, anxiety disorders, and suicidal
ideation/suicide attempt, were at increased risk of seizures compared to people with

depression alone (Table 8).

Psychiatric comorbidities diagnosed within 12 months prior to until 3 months after the index
date were associated with higher risks of seizures than psychiatric comorbidities diagnosed

>12 months prior to the index date, although most differences were not significant (Table 9).

Having comorbid dementia (OR 6.83 [95% CI, 4.81-9.69]), previous intracerebral bleeding
(OR 8.19 [95% CI, 4.80-13.96]) or ischemic stroke/TIA (OR 6.07 [95% CI, 4.71-7.83] was
strongly associated with the risk of seizures (Table 10). The associations with intracerebral
bleeding, ischemic stroke/TIA, and major head trauma, were stronger when the diagnosis was
recorded within 12 months prior to until 3 months after the index date compared to those with
a diagnosis recorded >12 months prior to the index date (Table 11). Overall, prevalent
migraine was not associated with seizures (OR 1.13 [95% CI, 0.94-1.36]) [Table 10], while
migraine with aura tended to be associated with an increased risk of seizures (OR 2.00 [95%

CI, 0.81-4.96]) [data not shown].

Current use of antiarrhythmics (mainly propranolol) or cephalosporins was associated with
1.6- and 2.5-fold increased risks of seizures compared to non-use, respectively (Table 12).
Past use of these drug classes was not associated with seizures. Treatment initiation was more
strongly associated with seizures in users of antiarrhythmics and cephalosporins than longer-

term treatment.
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Table 7: Characteristics and lifestyle factors of cases with seizures and matched controls®

Characteristics No. Cases (%)" No. Controls Crude OR 95% CI
(n=1,489) (%)" (n=5,932)
Sex
Male 726 (48.8) 2,886 (48.7) NA NA
Female 763 (51.2) 3,046 (51.4) NA NA
Age, years
18-29 310 (20.8) 1,230 (20.7) NA NA
30-39 295 (19.8) 1,167 (19.7) NA NA
40-49 292 (19.6) 1,188 (20.0) NA NA
50-59 193 (13.0) 775 (13.1) NA NA
60-69 150 (10.1) 587(9.9) NA NA
70-79 132 (8.9) 515(8.7) NA NA
80-90 117 (7.9) 470 (7.9) NA NA
Exposure to antidepressants
No use 79 (5.3) 313 (5.3) NA NA
Past use 776 (52.1) 3,104 (52.3) NA NA
Mono use of SSRIs 399 (26.8) 1,596 (26.9) NA NA
Mono use of SNRIs 49 (3.3) 186 (3.1) NA NA
Mono use of TCAs 62 (4.2) 244 (4.1) NA NA
Mono use of other NA
antidepressants 862 1896.2) NA
Mixed use of antidepressants 76 (5.1) 300 (5.1) NA NA
Body mass index, kg/m*
<18.5 68 (4.6) 145 (2.4) 1.67 1.23-2.26
18.5-24.9 571 (38.4) 1,989 (33.5) 1 reference
25.0-29.9 339 (22.8) 1,602 (27.0) 0.73 0.63-0.85
>30.0 256 (17.2) 1,199 (20.2) 0.73 0.62-0.87
Unknown 255(17.1) 997 (16.8) 0.91 0.76-1.09
Smoking status
Nonsmoker 511 (34.3) 2,320 (39.1) 1 reference
Current smoker 584 (39.2) 1,887 (31.8) 1.45 1.26-1.67
Former smoker 325 (21.8) 1,476 (24.9) 0.98 0.84-1.15
Unknown 69 (4.6) 249 (4.2) 1.33 0.98-1.80
Alcohol consumption® (in
units/week)
Nondrinker 652 (43.8) 2,499 (42.1) 1 reference
1-14 439 (29.5) 1,954 (32.9) 0.86 0.75-0.99
15-28 89 (6.0) 405 (6.8) 0.86 0.67-1.11
29-42 49 (3.3) 172 (2.9) 1.12 0.80-1.56
>42 102 (6.9) 136 (2.3) 2.97 2.25-3.93
Unknown 158 (10.6) 766 (12.9) 0.78 0.64-0.96
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Table 7 (cont.)

Characteristics No. Cases (%)" No. Controls Crude OR 95% CI
(n=1,489) (%)" (n=5,932)

Alcoholism*

No 1,121 (75.3) 5,295 (89.3) 1 reference
yes 368 (24.7) 637 (10.7) 2.98 2.56-3.47
Drug abuse®

no 1,383 (92.9) 5,748 (96.9) 1 reference
yes® 106 (7.1) 184 (3.1) 2.51 1.94-3.24

Abbreviations: OR, odds ratio; CI, confidence interval, NA, not applicable; SSRIs, selective serotonin reuptake inhibitors;
SNRIs, serotonin norepinephrine reuptake inhibitors; TCAs, tricyclic antidepressants.

* Controls were matched to cases on age, sex, index date, GP practice, duration of history in the CPRD, and exposure to
antidepressants at the index date (as described in the methods section). All ORs presented are conditional on the matching
factors.

® Due to rounding, percentages may not total 100.

“ Based on Read code records at any time prior to the index date.

4 Based on Read code records at any time prior to the index date until 3 months after the index date.

¢ Read code records mainly corresponding to unspecified drug abuse (50.3%), abuse of opioids (14.1%) , cannabis (12.4%),
anxiolytics/hypnotics (12.4%), and psychostimulants (4.8%).

Table 8: Odds ratios of psychiatric comorbidities among cases with seizures and matched controls®

Psychiatric comorbidity No. Cases (%)" No. Controls (%)" Crude OR 95% CI
(n=1,489) (n=n=5,932)

Schizophrenia

No° 1,457 (97.9) 5,865 (98.9) 1 reference

Yes® 32(2.2) 67 (1.1) 1.93 1.25-2.98

Manic episodes/bipolar disorder

No° 1,474 (99.0) 5,905 (99.5) 1 reference

Yes® 15 (1.0) 27 (0.5) 225 1.19-4.26

Obsessive-compulsive disorder

No° 1,473 (98.9) 5,874 (99.0) 1 reference

Yes® 16 (1.1) 58 (1.0) 1.09 0.63-1.90

Anxiety disorders

No® 1,087 (73.0) 4,526 (76.3) 1 reference

Yes® 402 (27.0) 1,406 (23.7) 1.20 1.05-1.37

Suicidal ideation/suicide attempt

No°® 1,231 (82.7) 5,376 (90.6) 1 reference

Yes® 258 (17.3) 556 (9.4) 2.13 1.80-2.52

Abbreviations: OR, odds ratio; CI, confidence interval; NA, not applicable.

* Controls were matched to cases on age, sex, index date, GP practice, duration of history in the CPRD, and exposure to
antidepressants at the index date (as described in the methods). All ORs presented are conditional on the matching factors.

® Due to rounding, percentages may not total 100.

¢ Defined as no Read code record of the respective disorder at any time prior to until 3 months after the index date.

4 Defined as a Read code record of the respective disorder at any time prior to until 3 months after the index date.
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Table 9: Odds ratios of psychiatric comorbidities among cases with seizures and matched controls?, by timing of the

diagnosis
Psychiatric comorbidity No. Cases (%)" No. Controls (%)" Crude OR 95% CI
(n=1,489) (n=n=5,932)
Schizophrenia
No diagnosis® 1,457 (97.9) 5,865 (98.9) 1 reference
Diagnosis by timing
Within 12 months prior to until 3 months
12 (0.8) 19 (0.3) 2.50 1.20-5.24
after the ID
>12 months prior to the ID 20 (1.3) 48 (0.8) 1.71 1.01-2.90
Manic episodes/bipolar disorder
No diagnosis® 1,474 (99.0) 5,905 (99.5) 1 reference
Diagnosis by timing
Within 12 months prior to until 3 months
9 (0.6) 10 (0.2) 3.80 1.50-9.63
after the ID
>12 months prior to the ID 6(0.4) 17 (0.3) 1.41 0.56-3.58
Obsessive-compulsive disorder
No diagnosis® 1,473 (98.9) 5,874 (99.0) 1 reference
Diagnosis by timing
Within 12 months prior to until 3 months
5(0.3) 12 (0.2) 1.67 0.59-4.74
after the ID
>12 months prior to the ID 11 (0.7) 46 (0.8) 0.94 0.49-1.83
Anxiety disorders
No diagnosis® 1,087 (73.0) 4,526 (76.3) 1 reference
Diagnosis by timing
Within 12 months prior to until 3 months
112 (7.5) 295 (5.0) 1.60 1.27-2.02
after the ID
>12 months prior to the ID 290 (19.5) 1,111 (18.7) 1.09 0.94-1.27
Suicidal ideation/suicide attempt
No diagnosis® 1,231 (82.7) 5,376 (90.6) 1 reference
Diagnosis by timing
Within 12 months prior to until 3 months
64 (4.3) 86 (1.5) 3.48 2.48-4.88
after the ID
>12 months prior to the ID 194 (13.0) 470 (7.9) 1.89 1.57-2.27

Abbreviations: OR, odds ratio; CI, confidence interval; NA, not applicable; ID, index date.

* Controls were matched to cases on age, sex, index date, GP practice, duration of history in the CPRD, and exposure to
antidepressants at the index date (as described in the methods section). All ORs presented are conditional on the matching
factors.

® Due to rounding, percentages may not total 100.

¢ Defined as no Read code record at any time prior to until 3 months after the index date.
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Table 10: Odds ratios of neurologic comorbidities among cases with seizures and matched controls®

Neurologic comorbidity No. Cases (%)" No. Controls (%)° Crude  95% CI
(n=1,489) (n=5,932) OR

Dementia

No® 1,389 (93.3) 5,845 (98.5) 1 reference

Yes! 100 (6.7) 87 (1.5) 6.83 4.81-9.69

Parkinson’s disease

No® 1,470 (98.7) 5,901 (99.5) 1 reference

Yes! 19 (1.3) 31(0.5) 243 1.35-4.39

Multiple sclerosis

No® 1,479 (99.3) 5,910 (99.6) 1 reference

Yes! 10 (0.7) 22 (0.4) 1.82 0.86-3.84

Intracerebral bleeding

No® 1,447 (97.2) 5,910 (99.6) 1 reference

Yes® 42 (2.8) 22 (0.4) 8.19 4.80-13.96

Ischemic stroke/ Transient ischemic attack

No° 1,306 (87.7) 5,753 (97.0) 1 reference

Yes! 183 (12.3) 179 (3.0) 6.07 4.71-7.83

Major head trauma®

No° 1,260 (84.6) 5,484 (92.5) 1 reference

Yes! 229 (15.4) 448 (7.6) 2.36 1.97-2.82

Meningitis or encephalitis

No¢ 1,469 (98.7) 5,889 (99.3) 1 reference

Yes! 20 (1.3) 43 (0.7) 1.86 1.10-3.16

Migraine

No¢ 1,320 (88.7) 5,322 (89.7) 1 reference

Yes! 169 (11.4) 610 (10.3) 1.13 0.94-1.36

Abbreviations: OR, odds ratio; CI, confidence interval; NA, not applicable.

 Controls were matched to cases on age, sex, index date, GP practice, duration of history in the CPRD, and exposure to

antidepressants at the index date (as described in the methods section). All ORs presented are conditional on the

matching factors.

® Due to rounding, percentages may not total 100.
¢ Defined as no Read code record of the respective disorder at any time prior to until 3 months after the index date.
4 Defined as a Read code record of the respective disorder at any time prior to until 3 months after the index date.

¢ Defined as head trauma with intracranial injury.
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Table 11: Odds ratios of neurological comorbidities among cases with seizures and matched controls®, by timing of the

diagnosis
Neurological comorbidity No. Cases (%)" No. Controls (%)" Crude 95% CI
(n=1,489) (n=n=5,932) OR
Intracerebral bleeding
No diagnosis® 1,447 (97.7) 5,910 (99.6) 1 reference
Diagnosis by timing
Within 12 months prior to until 3 months after
the ID 18 (1.2) 5(0.1) 15.03 5.56-40.63
>12 months prior to the ID 24 (1.6) 17 (0.3) 6.10 3.22-11.54

Ischemic stroke/ Transient ischemic attack
No diagnosis® 1,306 (87.7) 5,753 (97.0) 1 reference
Diagnosis by timing

Within 12 months prior to until 3 months after

90 (6.0) 24 (0.4) 20.27 12.40-33.13
the ID
>12 months prior to the ID 93 (6.3) 155 (2.6) 3.53 2.61-4.77
Major head trauma
No diagnosis® 1,260 (84.6) 5,484 (92.5) 1 reference
Diagnosis by timing
Within 12 months prior to until 3 months after

61 (4.1) 30(0.5) 9.14 5.82-14.34
the ID
>12 months prior to the ID 168 (11.3) 418 (7.1) 1.85 1.52-2.25
Meningitis or encephalitis
No diagnosis® 1,469 (98.7) 5,889 (99.3) 1 reference
Diagnosis by timing
Within 12 months prior to until 3 months after

X X NA NA
the ID
>12 months prior to the ID 19 (1.3) 42 (0.7) 1.81 1.05-3.11

Abbreviations: OR, odds ratio; CI, confidence interval; NA, not applicable: numbers in the contingency table were not
adequate to calculate odds ratios; X, cell contains <5 observations (due to ethics regulations to preserve confidentiality,
the exact count is not displayed); ID, index date.

* Controls were matched to cases on age, sex, index date, GP practice, duration of history in the CPRD, and exposure to
antidepressants at the index date (as described in the methods section). All ORs presented are conditional on the
matching factors.

® Due to rounding, percentages may not total 100.

¢ Defined as no Read code record of the respective disorder at any time prior to until 3 months after the index date.

40



Project 1: Risk factors for seizures in adult patients with depression

Table 12: Odds ratios of selected drug groups among cases with seizures and matched controls®, by current® or past® use, and

by current use and number of prescriptions

Drug group No. Cases (%)" No. Controls (%)" Crude OR 95% CI
(n=1,489) (n=n=5,932)

Atypical antipsychotics®

No use 1,380 (92.7) 5,695 (96.0) 1 reference

Current use 63 (4.2) 130 (2.2) 2.11 1.53-2.92

Current use by nr. of presc.

1-3 11 (0.7) 20(0.3) 2.42 1.15-5.09

>3 52 (3.5) 110 (1.9) 2.06 1.45-2.92

Past use 46 (3.1) 107 (1.8) 1.85 1.30-2.65

Typical antipsychotics’

No use 1,011 (67.9) 4,497 (75.8) 1 reference

Current use 70 (4.7) 121 (2.0) 2.71 1.99-3.70

Current use by nr. of presc.

1-3 38(2.6) 52(0.9) 3.35 2.18-5.14
>3 32(2.2) 69 (1.2) 2.20 1.42-3.40
Past use 408 (27.4) 1,314 (22.2) 1.43 1.25-1.64

Benzodiazepines or non-

benzodiazepine hypnotics®

No use 687 (46.1) 3,260 (55.0) 1 reference
Current use 254 (17.1) 482 (8.1) 2.76 2.29-3.32
Current use by nr. of presc.

1-3 50 (3.4) 97 (1.6) 2.60 1.81-3.74
>3 204 (13.7) 385 (6.5) 2.80 2.29-3.43
Past use 548 (36.8) 2,190 (36.9) 1.22 1.07-1.39
Penicillins"

No use 249 (16.7) 1,024 (17.3) 1 reference
Current use 150 (10.1) 510 (8.6) 1.23 0.97-1.55
Current use by nr. of presc.

1-3 25 (1.7) 114 (1.9) 0.91 0.58-1.44
>3 125 (8.4) 396 (6.7) 1.32 1.03-1.70
Past use 1,090 (73.2) 4,398 (74.1) 1.03 0.88-1.21
Cephalosporins’

No use 1,013 (68.0) 4,223 (71.2) 1 reference
Current use 34 (2.3) 58 (1.0) 2.47 1.61-3.78
Current use by nr. of presc.

1-3 24 (1.6) 33(0.6) 3.05 1.80-5.17
>3 10 (0.7) 25(0.4) 1.69 0.81-3.54
Past use 442 (29.7) 1,651 (27.8) 1.14 1.00-1.30
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Table 12 (cont.)

Drug group No. Cases (%)" No. Controls (%)" Crude OR  95% CI
(n=1,489) (n=n=5,932)

Fluoroquinolones’

No use 1,262 (84.8) 5,102 (86.0) 1 reference

Current use 11 (0.7) 36 (0.6) 1.20 0.61-2.37

Current use by nr. of presc.

1-3 9(0.6) 25(0.4) 1.40 0.65-3.02

>3 X 11 (0.2) NA NA

Past use 216 (14.5) 794 (13.4) 1.11 0.94-1.31

Antimalarials®

No use 1,398 (93.9) 5,490 (92.6) 1 reference

Current use 23 (1.5) 86 (1.5) 1.04 0.65-1.65

Current use by nr. of presc.

1-3 X 16 (0.3) NA NA

>3 21(1.4) 70 (1.2) 1.16 0.71-1.90

Past use 68 (4.6) 356 (6.0) 0.75 0.57-0.98

Immunosuppressants'

No use 1,471 (98.8) 5,867 (98.9) 1 reference

Current use 10 (0.7) 39(0.7) 1.03 0.51-2.06

Current use by nr. of presc.

1-3 X X NA NA

>3 9 (0.6) 39(0.7) 0.93 0.45-1.91

Past use 8(0.5) 26 (0.4) 1.22 0.55-2.70

Opioids™

No use 457 (30.7) 2,165 (36.5) 1 reference

Current use 301 (20.2) 812 (13.7) 1.89 1.59-2.26

Current use by nr. of presc.

1-3 46 (3.1) 102 (1.7) 2.15 1.50-3.09

>3 255 (17.1) 710 (12.0) 1.84 1.53-2.23

Past use 731 (49.1) 2,955 (49.8) 1.22 1.06-1.40

Anticonvulsants”

No use 1,371 (92.1) 5,695 (96.0) 1 reference

Current use 68 (4.6) 103 (1.7) 2.85 2.07-3.92

Current use by nr. of presc.

1-3 20(1.3) 27 (0.5) 3.11 1.74-5.54

>3 48 (3.2) 76 (1.3) 2.75 1.89-4.01

Past use 50 (3.4) 134 (2.3) 1.59 1.14-2.21

Antiarrhythmics®

No use 1,134 (76.2) 4,745 (80.0) 1 reference

Current use 114 (7.7) 309 (5.2) 1.59 1.26-2.01

Current use by nr. of presc.

1-3 25(1.7) 32(0.5) 3.27 1.93-5.52

>3 89 (6.0) 277 (4.7) 1.38 1.06-1.78

Past use 241 (16.2) 878 (14.8) 1.16 0.99-1.37
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Table 12 (cont.)

Abbreviations: OR, odds ratio; CI, confidence interval; NA, not applicable; nr., number; presc., prescriptions; X, cell contains
<5 observations (due to ethics regulations to preserve confidentiality, the exact count is not displayed).

* Controls were matched to cases on age, sex, index date, GP practice, duration of history in the CPRD, and exposure to
antidepressants at the index date (as described in the methods section). All ORs presented are conditional on the matching
factors.

® Defined as last prescription <90 days ago

¢ Defined as last prescription >90 days ago

4 Due to rounding, percentages may not total 100.

“Mainly consisting of olanzapine (35.5%), risperidone (30.1%), quetiapine (21.4%), and amisulpride (6.1%).

TMainly consisting of prochlorperazine (76.2%), flupentixol (5.3%), chlorpromazine (4.5%), and thioridazine (4.3%)

£ Mainly consisting of diazepam (39.0%), zopiclone (26.0%), temazepam (19.1%), and chlordiazepoxide (4.4%)

" Mainly consisting of amoxicillin (64.2%), flucloxacillin (19.2%), penicillin (12.5%), and phenoxymethylpenicillin (2.1%).

" Mainly consisting of cefalexin (67.7%), cefaclor (18.5%), and cefradine (8.5%).

J Mainly consisting of ciprofloxacin (85.5%), ofloxacin (9.6%)

¥ Mainly consisting of quinine (62.9%), atovaquone and proguanil (13.1%), mefloquine (11.1%), and chloroquine (9.4%).
"Mainly consisting of methotrexate (44.6%), and azathioprine (38.6%).

™ Mainly consisting of codeine (56.0%), dihydrocodeine (19.6%), dextropropoxyphene (12.0%), and tramadol (9.1%).

" Mainly consisting of gabapentin (38.6%), pregabalin (18.0%), carbamazepine (14.1%), and sodium valproate (10.4%)

° Mainly consisting of propranolol (68.2%), diltiazem (10.5%), and digoxin (8.0%).
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3.1.5 Discussion

This large population-based nested case-control study revealed that underweight, current
smoking, high alcohol consumption, alcoholism, and drug abuse were associated with
increased risks of seizures in adult patients with depression. Patients with comorbid dementia
or a history of intracerebral bleeding, ischemic stroke/TIA, or major head trauma, had
considerably higher risks of seizures than patients without these comorbidities. Current use of
cephalosporins or antiarrhythmics was also associated with an increased risk of seizures

compared to non-use of these drug groups.

These results on the association between BMI and lifestyle factors and the risk of seizures
among patients with depression are consistent with reports from the general

SLIOLI2 Being an underweight (BMI<18.5kg/m?) adult was associated with a non-

population.
significantly increased risk of seizures (adjusted relative risk 1.6 [95% CI, 0.7 to 3.8]) in a
study using a different U.K. population-based database.'”* Additionally, while we observed a
crude 1.5-fold (95% CI, 1.3- to 1.7-fold) increased risk of seizures with current smoking
compared to non-smoking, a study based on data from the Nurses’ Health Study II reported an
adjusted 2.6-fold (95% CI, 1.5- to 4.4-fold) increased risk of seizures among women who

101 .
In accordance with our results,

currently smoked compared to women who did not smoke.
ex-smoking was not associated with seizures in that study.'®' Our results concur with a meta-
analysis reporting a dose-dependent association between alcohol consumption and the risk of
seizures, with a risk curve rising steeply after a threshold of approximately 28 units of alcohol
consumption per week.’' Lastly, drug abuse has repeatedly been associated with increased
risk of seizures in the general population, either through direct toxicity or withdrawal.”*

Our results further suggest that depressed patients with comorbid schizophrenia, manic
episodes or bipolar disorder, or suicidal ideation/suicide attempt were approximately twice as
likely to experience an incident seizure as depressed patients without these psychiatric
comorbidities. While depression, schizophrenia, bipolar disorder, and suicidal ideation/suicide

attempt have been reported to be individual risk factors for seizures,*”*> ¢

our study
suggests that schizophrenia, bipolar disorder, and suicidal ideation/suicide attempt represent
additional risk factors for seizures among patients with depression. Psychiatric comorbidities
diagnosed close to the index date tended to be associated with increased risks of seizures

compared to psychiatric comorbidities diagnosed further in the past, a finding which is
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supported by a Swedish observational study on the association between psychiatric disorders

and seizures.®’

Depressed patients with comorbid dementia or a history of intracerebral bleeding, ischemic
stroke/TIA, or recent major head trauma, were at a substantially increased risk of developing
seizures compared to depressed patients without these comorbidities. The risk increases
ranged from approximately 7-fold for comorbid dementia to approximately 20-fold for
recently diagnosed ischemic stroke/TIA. These results are consistent with the epidemiologic
literature on these neurologic disorders and their strong individual association with acute
symptomatic or progressive seizures in the general population. In an observational study
among patients aged 65 or over, a diagnosis of dementia was associated with a 7- to 11-fold
increased risk of incident seizures compared with no such diagnosis.*® Additionally, several
population-based studies reported a 23- to 35-fold increased risk of seizures in patients with
stroke in the first year after their stroke diagnosis, compared to the general population.'® %
In our study, depression with comorbid migraine was overall not associated with an increased
risk of seizures compared with depression alone, but depression with comorbid migraine with

aura was. These results are in line with the results of an observational study by Hesdorffer et

al. (2007) among an Icelandic population aged 10 years or over.”

We observed increased risks of seizures associated with current, but not past use of
cephalosporins and antiarrhythmics (mainly propranolol). As these effects were not adjusted
for confounding factors other than the matching variables, these associations might either
represent true adverse drug effects, or they could alternatively be related to underlying
disorders for which the drugs were prescribed. The finding that current and past users of
antipsychotics, benzodiazepines, opioids, and anticonvulsants, had increased odds ratios of
seizures compared to non-users, might suggest that underlying disease or disease severity
leading to these drug prescriptions - rather than the drug itself - was associated with the

occurrence of seizures.

We investigated the association between lifestyle factors, comorbidities, and co-medication
and the risk of incident seizures among a large population of patients with incident depression
who were followed for up to 16 years. The study was based on one of the largest and best
validated medical records databases worldwide. However, it is a limitation that depression and
seizure diagnoses were not formally validated in the CPRD. Thus, to ascertain the validity of

the depression diagnosis, we only included patients in our base population if they received at
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least one antidepressant prescription within a year prior to or at any time after the depression
diagnosis. As only selected patients receive antiepileptic therapy after the first seizure,* we
decided to include patients with recorded seizure codes even if they did not receive any
antiepileptic therapy afterwards. However, we developed the algorithm used to define a first-
time seizure by reviewing a random sample of 150 profiles of patients with a record of

seizure/epilepsy at some time after the depression diagnosis to assess the likelihood of the

seizure diagnosis.

Through matching, our analyses were adjusted for sex, age, calendar time, number of years of
history in the database, GP practice, and antidepressant exposure status at the index date (a
potential proxy for depression severity). As this study aimed to crudely describe the features
that distinguish depressed patients who develop seizures from depressed patients who do not
develop seizures rather than test formal hypotheses, we did not adjust our multivariate
analyses for other potential confounders. Our estimated odds ratios should therefore be

interpreted as crude descriptive associations rather than unbiased risk estimates.

In conclusion, our study suggests that among adult patients with depression, current smoking,
drinking of more than five to six units of alcohol a day, alcoholism, and drug abuse were
potential risk factors for seizures. Patients with psychiatric comorbidities, dementia, or
recorded histories of ischemic stroke and/or TIA, intracerebral bleeding, or major head
trauma, had substantially higher risks of seizures compared to patients without these
comorbidities. Lastly, current use of cephalosporins or antiarrhythmics was associated with an

increased risk of seizures compared to non-use in patients with depression.

46



Project 2: Antidepressant drug use and the risk of seizures

3.2 Project 2: Antidepressant drug use and the risk of seizures

Unabbreviated title: Risk of seizures associated with antidepressant use in patients with

depressive disorder: nested case-control analysis

Marlene Bloechligerl, MSec, Alessandro Ceschi*? , MD, Stephan Rueegg4, MD, Hugo
Kupferschmidtz, MD, Stephan Kraehenbuehl®’, MD, PhD, Susan S Jick6, DSc, Christoph R
Meier1’6’7, PhD, and Michael Bodmerl, MD, MSc

! Basel Pharmacoepidemiology Unit, Division of Clinical Pharmacy and Epidemiology,

Department of Pharmaceutical Sciences, University of Basel, Basel, Switzerland

* Swiss Toxicological Information Centre, Associated Institute of the University of Zurich,

Zurich, Switzerland

3 Department of Clinical Pharmacology and Toxicology, University Hospital Zurich, Zurich,

Switzerland

* Division of Clinical Neurophysiology, Department of Neurology, University Hospital Basel,

Basel, Switzerland

> Division of Clinical Pharmacology & Toxicology, Department of Pharmaceutical Sciences,

University of Basel, Basel, Switzerland

® Boston Collaborative Drug Surveillance Program, Boston University School of Public

Health, Lexington, Massachusetts, USA

" Hospital Pharmacy, University Hospital Basel, Basel, Switzerland

Under Review at Drug Safety

47



Project 2: Antidepressant drug use and the risk of seizures

3.2.1 Abstract

Objective

To assess the risk of first-time seizures in association with exposure to antidepressants in

patients with depressive disorders.

Methods

We conducted a retrospective follow-up study with a nested case-control analysis using data
from the U.K.-based Clinical Practice Research Datalink (CPRD). We estimated crude
incidence rates with 95% confidence intervals (Cls) of seizures in depressed patients who
used selective serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake
inhibitors (SNRIs), tricyclic antidepressants (TCAs), ‘other antidepressants’, no
antidepressants, or who had used antidepressants in the past. To adjust for potential
confounding, we estimated odds ratios of antidepressant drug use among cases with seizures

and matched controls in a nested case-control analysis.

Results

Of 151,005 depressed patients, 619 had an incident seizure during follow-up. Incidence rates
per 10,000 person-years were 12.44 (95% CI, 10.67-14.21) in SSRI users, 15.44 (95% CI,
8.99-21.89) in SNRI users, 8.33 (95% CI, 4.68-11.98) in TCA users, 9.33 (95% CI, 6.19-
12.46) in non-users of antidepressants, and 5.05 (95% CI, 4.49-5.62) in past users of
antidepressants. In the case-control analysis, relative risk estimates for seizures were
increased in current users of SSRIs (adjusted odds ratio 1.98, 95% CI 1.48-2.66) and SNRIs
(adjusted odds ratio 1.99, 95% CI 1.20-3.29), but not TCAs (adjusted odds ratio 1.36, 95% CI

0.86-2.14), compared with non-use.

Conclusion

Current use of SSRIs or SNRIs was associated with a twofold increased risk of first-time
seizures compared to non-use, while current use of TCAs (mostly low dose) was not
associated with seizures. Treatment initiation in SSRI and SNRI users was associated with the

highest risk of seizures.
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3.2.2 Introduction

Depression is among the top three leading causes of disease burden in terms of disability-
adjusted life years in high-income countries.'® In the U.K. about 25% of adults suffer from an
episode of major depression at least once in their lifetime.> Patients with moderate to severe
depression should receive treatment including pharmacotherapy.'”’ Second-generation
antidepressants such as selective serotonin reuptake inhibitors (SSRIs), serotonin-
norepinephrine reuptake inhibitors (SNRIs), or ‘other antidepressants’ (such as trazodone,
reboxetine, bupropion or mirtazapine), are preferred to older tri- or tetracyclic antidepressants

. . 1
as first-line antidepressants.'*®

Most antidepressants induce seizures in overdose,”*** but the seizure risk at therapeutic
dose ranges remains unclear. Clinical trials suggested higher seizure incidence in patients
assigned to placebo than to most second-generation antidepressants.” Therapeutic use of
tricyclic antidepressants (TCAs) has been associated with an increased risk of seizures, a risk
reported to be higher than the risk for therapeutic use of SSRIs.”>”*%1911% Conversely, a
recent British observational study found that use of SSRIs, venlafaxine, or mirtazapine, was
associated with an increased risk of seizures compared to use of TCAs in depressed patients

aged 65 or older.*

Evidence to date mainly comes from trials that were limited to few patients and focused on

109,111
efficacy and short-term safety.57’58’93’ 09,

To analyze seizure risk in a large ‘real life setting’
we estimated absolute and relative risk estimates of seizures in 151,005 adult patients with
depression who used various types of antidepressants and were followed over a period of up

to 14 years.
3.2.3 Methods
Study design and data source

We conducted a retrospective population-based follow-up study with a nested case-control
analysis, using data from the U.K.-based Clinical Practice Research Datalink (CPRD). The
CPRD encompasses some 10,000,000 patient records provided by some 600 participating
general practitioner (GP) practices.”’ Patients are representative of the U.K. with regard to
age, sex, and geographic distribution. GPs provide data on patient characteristics, medical

diagnoses (recorded as ‘Read codes’), and drug prescriptions in a standardized and
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anonymous form. The records of diagnoses and drug prescriptions have been validated and
proven to be of high quality.**”> Data from the CPRD have been used to conduct

98,112-115 . 9,100,11
8 and on seizures 3%-100115

observational studies on depression or antidepressant use
This study was approved by the Independent Scientific Advisory Committee for Medicines

and Healthcare products Regulatory Agency research.
Study population

Between 1998 and 2010, we identified all patients aged 18 to 89 years with an incident
depression diagnosis followed by an antidepressant drug treatment or a first prescription for
an antidepressant followed by an incident depression diagnosis within one year thereafter.
Depression was defined by Read codes corresponding to the International Classification of
Diseases version 10 (ICD-10) codes. The date of the incident depression diagnosis or the first
prescription for an antidepressant, whichever came first, will subsequently be called ‘start
date’. We excluded patients with a diagnosis of epilepsy or any antiepileptic therapy prior to
the start date, and patients with important risk factors for seizures such as a recorded history
of alcoholism, drug abuse, head trauma, intracerebral bleeding, brain tumor, brain abscess,
sinus vein thrombosis, meningitis, encephalitis, HIV, or cancer prior to the start date. We did
not exclude patients with dementia or a history of stroke and/or TIA even though they are risk
factors for seizures®™'® because we aimed to investigate the potential effect modification by
these comorbidities on our results. Patients had to have had at least three years of active
history in the database prior to the start date to avoid inclusion of patients with prevalent

depression.
Follow-up and definition of seizure cases

We followed all patients from the start date until they had (1) an incident record of seizure or
epilepsy (corresponding to ICD-10 codes; as shown in, (2) a first prescription of antiepileptic
therapy for reasons other than epilepsy, (3) until they turned 90 years old, (4) died, (5) left the
database, (6) reached the end of data drawdown (December 2012), or (7) until one month
prior to a first record of an important risk factor for seizures (as described under ‘study
population’), whichever came first. Patients whose follow-up ended due to (1) will

subsequently be called ‘cases’, and the date of the seizure will be referred to as ‘index date’.
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Person-time analysis

We assessed person-time for four antidepressant classes and corresponding single drugs
between the start date and the end of follow-up: (1) SSRIs (citalopram, escitalopram,
fluoxetine, paroxetine, sertraline, and fluvoxamine), (2) SNRIs (venlafaxine and duloxetine),
(3) TCAs (amitriptyline, clomipramine, doxepin, imipramine, trimipramine, nortriptyline,
lofepramine, and dosulepin), or (4) other antidepressants (mirtazapine, bupropion, reboxetine,

and trazodone).

We included patients who used solely one antidepressant, who switched antidepressants, or
who concomitantly used different antidepressants during follow-up, and accumulated person-
time as follows: (1) no exposure to antidepressants (‘no antidepressant treatment’), defined as
the period between the first diagnosis of depression and the first prescription for an
antidepressant, provided that the diagnosis occurred prior to the prescription; (2) current
exposure to solely one antidepressant (‘mono use’), defined as use from the day of the
prescription through the expected end of treatment plus 7 days, provided that no other
antidepressant was prescribed in this period. Patients who switched between different
antidepressants but had no period of overlapping treatment contributed person-time to mono
use of these different antidepressants; (3) current exposure to more than one antidepressant
drug concomitantly (‘mixed use’), defined as use from the day when at least two
antidepressants were prescribed concomitantly through the expected end of treatment of all or
all but one antidepressant plus 90 days (to ascertain that if a person switched from mixed use
to mono use and developed a subsequent seizure, the discontinued drug was most likely not
associated with the seizure). Patients who remained treated with one antidepressant after the
period of mixed use plus 90 days contributed person-time to mono use for the remaining drug
thereafter; and (4) past exposure after the stop of antidepressant treatment (‘past use’), defined
as the time after 7 or 90 days (depending on whether use was mono or mixed) after treatment
had elapsed. The duration of treatment was derived from the recorded number of tablets or

volume of liquids and the daily dose instructions.

Nested case-control analysis

For each case we identified four controls from the study population who did not develop
seizures during follow-up. Controls were matched to cases on age (£2 years), sex, GP, index

date, duration of history in the database prior to the index date (£2 years), and duration of
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depression (£1 year). Case and control exposure was classified according to the timing of
antidepressant use prior to the index date; ‘non-users’ were those who had no antidepressant
prescriptions prior to the index date; ‘current users’ and ‘past users’ were those who had
received the last prescription <90 days or >90 days prior to the index date, respectively. We
further classified current users by number of prescriptions prior to the index date (1, 2-3, 4-5,
>5 for SSRIs; 1-3, >3 for SNRIs, TCAs, and other antidepressants). We additionally stratified
current users by sex. We evaluated antidepressant single drugs if they were used by at least 30
patients at the index date. Users of antidepressant single drugs were classified by daily dose
intake (<1 defined daily dose (DDD)''¢, >1 defined daily dose) if the expected observations
per cell of the contingency table were larger than 5. We assessed daily dose intake at the index
date based on the quantity of drug prescribed by the GP at the previous visit and the daily
dose instructions. If no dose instruction was available, we used default values in following
order: (1) the dose instruction given for the same drug at the closest visit prior to the previous
visit, (2) the defined daily dose if no dose instruction was recorded at any time prior, or (3) the

dose of one unit (i.e. tablet or capsule) of sustained release forms.
Statistical analysis

We conducted a crude person-time analysis to estimate incidence rates with 95% confidence
intervals (95% Cls) of seizures in patients with no antidepressant treatment, with any mono
use, with mono use of different antidepressant classes and corresponding single drugs, and
with past use of antidepressants. We stratified incidence rates by sex and age (18-49 vs. 50-89

years).

In the nested case-control analysis, we used SAS statistical software (version 9.3; SAS
Institute, Cary, NC, USA) to conduct conditional logistic regression analyses. Relative risk
estimates of antidepressant use among cases and controls were calculated as odds ratios with
95% Cls. Odds ratios in this study were a valid relative risk estimate because the incidence
rates of seizures were low (< 5%) in patients with no antidepressant treatment and in patients
using antidepressants.”> We defined the reference group as patients who never used the
respective antidepressant class in a given analysis (for analyses of drug classes) or
antidepressant single drug (for analyses of single drugs) prior to the index date, and adjusted
multivariate models for all other antidepressants used. We calculated odds ratios for
antidepressant classes categorized by timing of antidepressant use (current/past use), and for

current use by sex and number of prescriptions prior. In addition, we calculated odds ratios of
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antidepressant single drug use, and where appropriate, categorized by dose used at the index
date. Based on preexisting literature, we a priori adjusted our main multivariate models for
alcohol consumption (none, 1-14 units/week, >14 units/week, unknown), history of other
psychiatric disorders (schizophrenia, compulsive disorders, or affective disorders other than
depression), dementia, Parkinson’s disease, transient ischemic attack [TIA], stroke, suicidal
ideation, and current or past use of antipsychotics, opioids, benzodiazepines, or other

antidepressants than those studied.”’>>%

We tested additional potential confounders
(cardiovascular diseases, diabetes, hypertension, hyperlipidemia, hypothyroidism, sleep
disorders, migraine, or multiple sclerosis; use of lithium, monoamine oxidase inhibitors,
antibiotics, antimalarials, or antiarrhythmic drugs) but did not include them in the final model

as they did not alter the risk estimates by >5%.

To assess potential effect modification, we conducted additional analyses comparing risk
estimates between patients with depression with or without comorbid dementia, and patients

with depression with or without a history of stroke and/or TIA.

In sensitivity analyses, we explored whether risk estimates differed if we defined the
reference group as patients with no antidepressant treatment prior to the index date, and if we
distinguished between patients who used solely one antidepressant vs. those who switched
antidepressants during follow-up, as switching of antidepressants has been associated with

; 117
morec Severce depressmn.

3.2.4 Results

We identified 151,005 patients with incident depression who met our inclusion criteria.
Among those, we identified 619 seizure cases and 2,476 controls in the nested case-control
analysis. Mean age (+ standard deviation) at the index date was 48.6 (£ 20.6) years and 57.2%

of patients were female.
Incidence rates

The estimated incidence rates of seizures per 10,000 person-years (PYs) were 12.58 (95% CI,
11.03-14.13), 9.33 (95% CI, 6.19-12.46), and 5.05 (95% CI, 4.49-5.62) in patients with
current mono use, no antidepressant treatment, and past use of antidepressants, respectively
(Table 13). Estimated incidence rates per 10,000 PYs for current mono use of SSRIs, SNRIs,
and TCAs were 12.44 (95% CI, 10.67-14.21), 15.44 (95% CI, 8.99-21.89), and 8.33 (95% CI,
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4.68-11.98), respectively. Among patients treated with SSRIs or SNRIs, incidence rates
tended to be higher in older (50-89 years) than in younger patients (18-49 years).

Current users of escitalopram and paroxetine were as likely to develop seizures as non-users
of antidepressants. Current users of sertraline, venlafaxine, or mirtazapine developed seizures
almost twice as likely as non-users of antidepressants, although these differences were not

statistically significant (Table 14).

Nested case-control analysis

Prevalent diagnoses of TIA, stroke, dementia, Parkinson’s disease, schizophrenia and
concurrent use of antipsychotic drugs or cephalosporin antibiotics were associated with

increased odds of seizures (Table 15).

Current use of SSRIs (adjusted odds ratio 1.98 [95% CI, 1.48-2.66]) and SNRIs (adjusted
odds ratio 1.99 [95% CI, 1.20-3.29]) was associated with increased odds of seizures in both
sexes compared to non-use of the respective drug classes, while current use of TCAs was
associated with slightly increased odds of seizures in men, but not in women (Table 16). The

odds of seizures were highest at treatment initiation with SSRIs and SNRIs.

Among single antidepressants, use of citalopram (adjusted odds ratio 1.69 [95% CI, 1.25-
2.28]), sertraline (adjusted odds ratio 2.53 [95% CI, 1.49-4.30]), fluoxetine (adjusted odds
ratio 1.51 [95% CI, 1.06-2.16]), and venlafaxine (adjusted odds ratio 2.52 [95% CI, 1.44-
4.42]), was associated with significantly increased odds of seizures compared to non-use
(Table 17). We observed trends toward higher odds of seizures with increasing dose for

fluoxetine, venlafaxine, and mirtazapine.

Due to low numbers of patients with dementia or stroke/TIA, we could not explore effect
modification by these disorders in users of all antidepressant drug classes. Current use of
SSRIs tended to be more strongly associated with seizures in patients with dementia (adjusted
odds ratio 6.74 [95% CI, 1.53-29.62]) than those without dementia (adjusted odds ratio 1.90
[95% CI, 1.41-2.55]) (as shown in Table 18). We observed no effect modification by history
of stroke/TIA in users of SSRIs or TCAs (as shown in Table 19).

Odds ratios did not change considerably when we compared antidepressant users to patients

with depression who did not yet take any antidepressant medication (as shown in Table 20).
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Additionally, switching antidepressants was not associated with substantially different odds

ratios of seizures compared to using the same antidepressant during follow-up (as shown in

Table 21).

Table 13: Incidence rates of seizures in patients with depression with no antidepressant treatment, with current and past use

of antidepressants, and with current use of different antidepressant drug classes, by age or sex

Antidepressant drug class  Person-years No- of cases with R per 10,000 95% CI
outcome person-years

No antidepressant

treatment

Overall 36,457 34 9.33 6.19-12.46

Stratified by age

18-49 years 25,885 29 11.20 7.13-15.28

50-90 years 10,573 5 4.73 0.58-8.87

Stratified by sex

men 10,400 12 11.54 5.01-18.07

women 26,057 22 8.44 4.91-11.97

Antidepressant treatment

(overall)

Overall 200,331 252 12.58 11.03-14.13

Stratified by age

18-49 years 113,055 126 11.15 9.20-13.09

50-90 years 87,276 126 14.44 11.92-16.96

Stratified by sex

men 62,805 107 17.04 13.81-20.27

women 137,526 145 10.54 8.83-12.26

Past use of antidepressants

Overall 609,764 308 5.05 4.49-5.62

Stratified by age

18-49 years 391,520 183 4.67 4.00-5.35

50-90 years 218,244 125 5.73 4.72-6.73

Stratified by sex

men 199,125 133 6.68 5.54-7.81

women 410,639 175 4.26 3.63-4.89

SSRIs

Overall 152,758 190 12.44 10.67-14.21

Stratified by age

18-49 years 91,036 97 10.66 8.53-12.78

50-90 years 61,722 93 15.07 12.01-18.13

Stratified by sex

men 46,664 76 16.29 12.63-19.95

women 106,094 114 10.75 8.77-12.72
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Table 13 (cont.)

Antidepressant drug class Person-years No- of cases with TR per 10,000 95% CI
outcome person-years

SNRIs

Overall 14,253 22 15.44 8.99-21.89

Stratification by age

18-49 years 8,025 10 12.46 4.74-20.18

50-90 years 6,228 12 19.27 8.37-30.17

Stratification by sex

men 5,343 10 18.72 7.12-30.32

women 8,910 12 13.47 5.85-21.09

TCAs

Overall 24,004 20 8.33 4.68-11.98

Stratified by age

18-49 years 9,983 11 11.02 4.51-17.53

50-90 years 14,021 9 6.42 2.23-10.61

Stratified by sex

men 6,918 12 17.35 7.53-27.16

women 17,086 8 4.68 1.44-7.93

Other Antidepressants®

Overall 9,316 20 21.47 12.06-30.88

Stratified by age

18-49 years 4,010 8 19.95 6.13-33.78

50-90 years 5,306 12 22.62 9.82-35.42

Stratified by sex

men 3,880 9 23.20 8.04-38.36

women 5,436 11 20.24 8.28-32.19

Abbreviations: IR, incidence rate; CI, confidence interval; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin
norepinephrine reuptake inhibitors; TCAs, tricyclic antidepressants.

*This group consisted of the drugs mirtazapine, bupropion, reboxetine, and trazodone
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Table 14: Incidence rates of seizures in current users of most frequently used single antidepressants, by age or sex

Antidepressant drug Person-years No. of cases with outcome R per 10,000 95% CI
person-years

Citalopram

Overall 61,677 87 14.11 11.14-17.07

Stratified by age

18-49 years 35,286 44 12.47 8.78-16.15

50-90 years 26,391 43 16.29 11.42-21.16

Stratified by sex

men 18,551 36 19.41 13.07-25.75

women 43,127 51 11.83 8.58-15.07

Escitalopram

Overall 8,080 8 9.90 3.04-16.76

Stratified by age

18-49 years 4,940 4 8.10 0.16-16.03

50-90 years 3,139 4 12.74 0.25-25.23

Stratified by sex

men 2,545 2 7.86 NA

women 5,535 6 10.84 2.17-19.51

Fluoxetine

Overall 49,488 52 10.51 7.65-13.36

Stratified by age

18-49 years 31,847 31 9.73 6.31-13.16

50-90 years 17,640 21 11.90 6.81-17.00

Stratified by sex

men 14,434 23 15.93 9.42-22.45

women 35,054 29 8.27 5.26-11.28

Paroxetine

Overall 17,537 16 9.12 4.65-13.59

Stratified by age

18-49 years 9,807 8 8.16 2.50-13.81

50-90 years 7,730 8 10.35 3.18-17.52

Stratified by sex

men 5,955 4 6.72 0.13-13.30

women 11,582 12 10.36 4.50-16.22

Sertraline

Overall 15,912 27 16.97 10.57-23.37

Stratified by age

18-49 years 9,119 10 10.97 4.17-17.76

50-90 years 6,793 17 25.03 13.13-36.92

Stratified by sex

men 5,155 11 21.34 8.73-33.95

women 10,758 16 14.87 7.59-22.16
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Table 14 (cont.)

Antidepressant drug Person-years No. of cases with outcome TR per 10,000 95% CI
person-years

Venlafaxine

Overall 13,153 22 16.73 9.74-23.71

Stratified by age

18-49 years 7,444 10 13.43 5.11-21.76

50-90 years 5,709 12 21.02 9.13-32.91

Stratified by sex

men 4,993 10 20.03 7.61-32.44

women 8,160 12 14.71 6.39-23.03

Amitriptyline

Overall 9,854 12 12.18 5.29-19.07

Stratified by age

18-49 years 3,845 20.81 6.39-35.23

50-90 years 6,010 4 6.66 0.13-13.18

Stratified by sex

men 2,723 29.38 9.02-49.74

women 7,131 4 5.61 0.11-11.11

Mirtazapine

Overall 7,032 12 17.06 7.41-26.72

Stratified by age

18-49 years 2,971 5 16.83 2.08-31.58

50-90 years 4,061 7 17.24 4.47-30.00

Stratified by sex

men 3,061 7 22.87 5.93-39.81

women 3,971 5 12.59 1.55-23.63

Abbreviations: IRs, incidence rates; CI, confidence interval; NA, not applicable.
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Table 15: Characteristics of cases with seizures and matched controls*

Characteristics No. Cases b No- Controls b OR°® 95% CI

(n=619) (%) (n=2,476) (%)
Sex
Male 265 (42.8) 1,060 (42.8) NA NA
Female 354 (57.2) 1,416 (57.2) NA NA
Age, years
18-29 153 (24.7) 604 (24.4) NA NA
30-39 101 (16.3) 400 (16.2) NA NA
40-49 95 (15.4) 383 (15.5) NA NA
50-59 70 (11.3) 293 (11.8) NA NA
60-69 66 (10.7) 279 (11.3) NA NA
70-79 66 (10.7) 246 (9.9) NA NA
80-90 68 (11.0) 271 (11.0) NA NA
Body mass index, kg/m’
<18.5 18 (2.9) 54 (2.2) 1.32 0.75-2.32
18.5-24.9 221 (35.7) 868 (35.1) 1 reference
25.0-29.9 137 (22.1) 641 (25.9) 0.82 0.65-1.05
>30.0 112 (18.1) 452 (18.3) 0.95 0.73-1.23
Unknown 131 (21.2) 461 (18.6) 1.15 0.86-1.53
Smoking status
Nonsmoker 251 (40.6) 1,027 (41.5) 1 reference
Current smoker 175 (28.3) 687 (27.8) 1.05 0.84-1.32
Former smoker 147 (23.8) 597 (24.1) 1.02 0.80-1.29
Unknown 46 (7.4) 165 (6.7) 1.07 0.70-1.65
Alcohol consumption (in
units/week, any time prior to
the index date)
Nondrinker 257 (41.5) 946 (38.2) 1 reference
1-14 211 (34.1) 900 (36.4) 0.85 0.69-1.05
>14 52 (8.4) 247 (10.0) 0.75 0.53-1.06
Unknown 99 (16.0) 383 (15.5) 0.85 0.63-1.17
Comorbidities at any time
prior to the index date
Transient ischemic attack 40 (6.5) 51(2.1) 3.76 2.37-5.96
Ischemic stroke 72 (11.6) 71(2.9) 5.36 3.67-7.84
Dementia 51(8.2) 38 (1.5) 6.72 4.20-10.77
Parkinson's disease 10 (1.6) 14 (0.6) 3.05 1.31-7.13
Compulsive disorders and/or

31 (5.0) 101 (4.1) 1.25 0.82-1.91
affective disorders®
Schizophrenia 16 (2.6) 15 (0.6) 4.27 2.11-8.63
Suicide attempt and/or suicidal

65 (10.5) 125 (5.1) 2.28 1.65-3.15

ideation
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Table 15 (cont.)

Characteristics No. Cases b No. Controls b OR® 95% CI
(n=619) (%) (n=2,476) (%)

Migraine 70 (11.3) 251 (10.1) 1.14 0.85-1.51
Concurrent drug use®

Antipsychotic drugs’ 54 (8.7) 64 (2.6) 4.07 2.74-6.05
Benzodiazepines 79 (12.8) 167 (6.7) 2.05 1.52-2.77
Penicillins 48 (7.8) 204 (8.2) 0.92 0.63-1.35
Cephalosporins® 17 (2.8) 30 (1.2) 242 1.32-4.43
Antimalarials 9(1.5) 32 (1.3) 1.12 0.52-2.38
Opioids" 97 (15.7) 290 (11.7) 1.50 1.14-1.99

Abbreviations: OR, odds ratio; CI, confidence interval; NA, not applicable.

* Controls were matched to cases on age, sex, index date, GP practice, duration of history in the CPRD, and duration of
depression. All ORs presented are conditional on the matching factors.

® Due to rounding, percentages may not total 100.

° ORs for different categories of body mass index, smoking status, and alcohol consumption were adjusted for each other.
ORs for comorbidities and concomitant drug use were not adjusted.

4 Affective disorders excluding depression.

¢ Last prescription within 90 days prior to index date.

fThis group consisted mainly of phenothiazines such as prochlorperazine (76.4%) or chlorpromazine/promazine (3.8%).

€ This group consisted mainly of first-generation cephalosporins such as cephalexin (66.3%) or cefadrine (9.0%).

" This group consisted mainly of codeine/dihydrocodeine (74.8%), dextropropoxyphene (17.7%), and tramadol (6.5%).
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Table 16: Odds ratios for seizures in users of different antidepressant drug classes, by current or past use, by current use and sex, or by current use and number of prescriptions prior to

the index date

Antidepressant drug class No- Cases No- Controls ORcrude  95% CI ORadj.”  95%CI
(n=619) (%)* (n=2,476) (%)*

SSRIs

No use 105 (17.0) 557 (22.5) 1 reference 1 reference

Current use (last presc. < 90 days ago) 243 (39.3) 629 (25.4) 2.03 1.57-2.63 1.98 1.48-2.66

Current use stratified by sex‘

men 100 (16.2) 286 (11.6) 1.62 1.12-2.36 1.84 1.19-2.85

women 143 (23.1) 343 (13.8) 2.46 1.72-3.52 222 1.47-3.37

Current use by number of prescriptions

1 27 (4.4) 48 (1.9) 2.99 1.79-5.02 3.35 1.89-5.92

2-3 37 (6.0) 105 (4.2) 1.97 1.25-3.09 2.37 1.46-3.87

4-5 28 (4.5) 89 (3.6) 1.70 1.06-2.72 1.51 0.90-2.52

>5 151 (24.4) 387 (15.6) 1.97 1.46-2.65 1.77 1.26-2.48

Past use (last presc. >90 days ago) 271 (43.8) 1,290 (52.1) 1.07 0.82-1.39 1.16 0.87-1.56

SNRIs

No use 551 (89.0) 2,290 (92.5) 1 reference 1 reference

Current use (last presc. < 90 days ago) 31(5.0) 64 (2.6) 2.07 1.32-3.24 1.99 1.20-3.29

Current use stratified by sex‘

men 14 (2.3) 33 (1.3) 1.77 0.92-3.42 1.86 0.87-3.97

women 17 2.7) 31(1.3) 2.38 1.29-4.41 2.15 1.06-4.37

Current use by number of prescriptions

1-3 12 (1.9) 12 (0.5) 4.27 1.88-9.72 4.03 1.70-9.56

>3 19 (3.1) 52 (2.1) 1.56 0.91-2.69 1.24 0.67-2.29

Past use (last presc. >90 days ago) 37 (6.0) 122 (4.9) 1.29 0.87-1.89 1.17 0.76-1.79
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Table 16 (cont.)

Antidepressant drug class No- Cases No- Controls OR crude 95% CI OR adj.’ 95% CI
(n=619) (%)* (n=2,476) (%)*

TCAs

No use 475 (76.7) 1,896 (76.6) 1 reference 1 reference

Current use (last presc. < 90 days ago) 35(5.7) 147 (5.9) 0.95 0.64-1.40 0.99 0.63-1.53

Current use stratified by sex‘

men 20 (3.3) 66 (2.6) 1.25 0.73-2.14 1.58 0.85-2.96

women 15(24) 81 (3.3) 0.72 0.41-1.28 0.58 0.30-1.13

Current use by number of prescriptions

1-3 11 (1.8) 48 (1.9) 0.91 0.45-1.82 0.80 0.36-1.77

>3 24 (3.9) 99 (4.0) 0.97 0.61-1.54 0.86 0.52-1.43

Past use (last presc. >90 days ago) 109 (17.6) 433 (17.5) 1.01 0.79-1.29 1.09 0.82-1.43

Other antidepressants*

No use 552 (89.2) 2,299 (92.9) 1 reference 1 reference

Current use (last presc. < 90 days ago) 34 (5.5) 51(2.1) 2.88 1.83-4.54 2.30 1.34-3.96

Current use stratified by sex‘

men 20(3.2) 25 (1.0) 3.46 1.86-6.42 3.78 1.87-7.61

women 14 (2.3) 26 (1.1) 2.31 1.17-4.56 0.97 0.38-2.50

Current use by number of prescriptions

1-3 10 (1.6) 13 (0.5) 3.21 1.41-7.34 3.28 1.31-8.20

>3 24 (3.9) 38 (1.5) 2.76 1.61-4.71 1.63 0.84-3.16

Past use (last presc. >90 days ago) 33(5.3) 126 (5.1) 1.08 0.73-1.61 0.92 0.59-1.43

Abbreviations: OR, odds ratio; CI, confidence interval; NA, not applicable; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin norepinephrine reuptake inhibitors; TCAs,
tricyclic antidepressants.

* Due to rounding, percentages may not total 100.

® Adjusted for alcohol consumption, other antidepressant drugs, benzodiazepines, antipsychotics, opioids, schizophrenia, affective disorders other than depression, compulsive
disorders, suicidal ideation, dementia, Parkinson’s disease, TIA, and stroke.

“Reference groups: Male non-users (for men), female non-users (for women).

4 This group consisted of the drugs mirtazapine, bupropion, reboxetine, and trazodone.
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Table 17: Odds ratios for seizures in users of different antidepressant single drugs, by use and by dose used at the index date®

Antidepressant drug No. Cases (n=619) (%)" No. Controls (n=2,476) (%)" OR crude 95% CI OR adj.° 95% CI
Citalopram

No use at the ID 527 (85.1) 2,267 (91.6) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Use at the ID 92 (14.9) 209 (8.4) 1.94 1.48-2.54 1.69 1.25-2.28
Use at the ID by dose

<20mg (<DDD) 65 (10.5) 155 (6.3) 1.84 1.35-2.51 1.68 1.19-2.37
>20mg (>DDD) 27 (4.4) 54 (2.2) 222 1.37-3.59 1.72 1.01-2.93
Escitalopram

No use at the ID 611 (98.7) 2,455 (99.2) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Use at the ID 8(1.3) 21(0.9) 1.54 0.68-3.50 1.28 0.48-3.40
Fluoxetine

No use at the ID 569 (91.9) 2,336 (94.4) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Use at the ID 50 (8.1) 140 (5.7) 1.47 1.05-2.06 1.51 1.06-2.16
Use at the ID by dose

<20mg (<DDD) 38(6.1) 120 (4.9) 1.30 0.89-1.90 1.41 0.94-2.10
>20mg (>DDD) 12 (1.9) 20 (0.8) 242 1.18-4.94 1.99 0.92-4.29
Paroxetine

No use at the ID 602 (97.3) 2,422 (97.8) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Use at the ID 17 (2.8) 54 (2.2) 1.27 0.73-2.21 1.04 0.56-1.92
Sertraline

No use at the ID 589 (95.2) 2,434 (98.3) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Use at the ID 30 (4.9) 42 (1.7) 2.92 1.81-4.69 2.53 1.49-4.30
Use at the ID by dose

<50mg (<DDD) 14 (2.3) 21(0.9) 2.75 1.39-5.46 2.42 1.15-5.11
>50mg (>DDD) 16 (2.6) 21(0.9) 3.08 1.61-5.90 2.64 1.26-5.54
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Table 17 (cont.)

Antidepressant drug No. Cases (n=619) (%)" No. Controls (n=2,476) (%)" OR crude 95% CI OR adj.* 95% CI
Venlafaxine

No use at the ID 592 (95.6) 2,429 (98.1) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Use at the ID 27 (4.4) 47 (1.9) 249 1.51-4.10 2.52 1.44-4.42
Use at the ID by dose

<100mg (<DDD) 13 (2.1) 32 (1.3) 1.76 0.89-3.50 1.86 0.88-3.95
>100mg (>DDD) 14 (2.3) 15 (0.6) 3.78 1.82-7.83 3.73 1.63-8.55
Amitriptyline?

No use at the ID 603 (97.4) 2,435 (98.3) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Use at the ID 16 (2.6) 41 (1.7) 1.60 0.88-2.90 1.48 0.75-2.92
Mirtazapine

No use at the ID 604 (97.6) 2,443 (98.7) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Use at the ID 15(2.4) 33 (1.3) 1.86 1.00-3.48 1.53 0.73-3.20
Use at the ID by dose

<30mg (<DDD) 10 (1.6) 26 (1.1) 1.58 0.75-3.32 1.19 0.50-2.84
>30mg (>DDD) 5(0.8) 7(0.3) 2.89 0.92-9.11 3.16 0.79-12.69

Abbreviations: ID, index date; OR, odds ratio; CI, confidence interval; adj., adjusted; DDD, defined daily dose (as described in the methods section).

*'We assessed use and dose used at the index date from the quantity of drug prescribed at the previous visit and the daily dose instruction given. If no information on daily dose

instruction was available, we used default values as described in the methods section. These default values were used in 27 (9.0%), 5 (17.2%), 25 (13.2%), 10 (14.1%), 11 (15.3%), 25

(33.8%), 25 (43.9%), or 8 (16.7%) patients who at the index date used citalopram, escitalopram, fluoxetine, paroxetine, sertraline, venlafaxine, amitriptyline, or mirtazapine,

respectively.

®Due to rounding, percentages may not total 100.
¢ Adjusted for alcohol consumption, other antidepressant drugs, benzodiazepines, antipsychotics, opioids, schizophrenia, affective disorders other than depression, compulsive
disorders, suicidal ideation, dementia, Parkinson’s disease, TIA, and stroke.

40f 57 users, only 10 (17.5%) used doses >75mg (>DDD) at the ID
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Table 18: Odds ratios for seizures in users of different antidepressant drug classes compared to non-users of antidepressants, by current or past use, and by dementia

Analysis restricted to patients with dementia

Antidepressant drug class No- Cases No- Controls OR crude 95% CI OR adj.’ 95% CI
(n=51) (%)" (n=38) (%)*

SSRIs

No use 7(1.1) 9(0.4) 1 reference 1 reference

Current use (last presc. < 90 days ago) 29 (4.7) 11 (0.4) 4.48 1.26-15.87 6.74 1.53-29.62

Past use (last presc. >90 days ago) 15(2.4) 18 (0.7) 1.20 0.35-4.13 1.44 0.33-6.27

SNRIs

No use 44 (7.1) 34(1.4) 1 reference 1 reference

Current use (last presc. < 90 days ago) X X NA NA NA NA

Past use (last presc. >90 days ago) 5(0.8) X NA NA NA NA

TCAs

No use 43 (7.0) 29 (1.2) 1 reference 1 reference

Current use (last presc. < 90 days ago) X X NA NA NA NA

Past use (last presc. >90 days ago) 8(1.3) 5(0.2) 0.97 0.28-3.33 0.64 0.14-2.96

Other antidepressants®

No use 39(6.3) 31(1.3) 1 reference 1 reference

Current use (last presc. < 90 days ago) 9(1.5) 6(0.2) 2.64 1.59-4.38 1.41 0.37-5.36

Past use (last presc. >90 days ago) X X NA NA NA NA

65



Project 2: Antidepressant drug use and the risk of seizures

Table 18 (cont.)

Analysis restricted to patients without dementia

. No. Cases No. Controls b

Antidepressant drug class OR crude 95% CI OR adj. 95% CI
(n=568) (%)" (n=2,438) (%)*

SSRIs
No use 98 (15.8) 548 (22.1) 1 reference 1 reference
Current use (last presc. < 90 days ago) 214 (34.6) 618 (25.0) 1.95 1.49-2.55 1.90 1.41-2.55
Past use (last presc. >90 days ago) 256 (41.4) 1,272 (51.4) 1.07 0.82-1.41 1.15 0.86-1.55
SNRIs
No use 507 (81.9) 2,256 (91.1) 1 reference 1 reference
Current use (last presc. < 90 days ago) 29 (4.7) 61 (2.5) 2.16 1.36-3.43 2.11 1.27-3.52
Past use (last presc. >90 days ago) 32(5.2) 121 (4.9) 1.19 0.79-1.80 1.11 0.72-1.73
TCAs
No use 432 (69.8) 1,867 (75.4) 1 reference 1 reference
Current use (last presc. < 90 days ago) 35(5.7) 143 (5.8) 1.10 0.74-1.63 1.06 0.68-1.64
Past use (last presc. >90 days ago) 101 (16.3) 428 (17.3) 1.05 0.82-1.36 1.10 0.83-1.46
Other antidepressants®
No use 513 (82.9) 2,268 (91.6) 1 reference 1 reference
Current use (last presc. < 90 days ago) 25 (4.0) 45 (1.8) 2.64 1.59-4.38 2.50 1.41-4.42
Past use (last presc. >90 days ago) 30 (4.9) 125 (5.1) 1.11 0.74-1.68 0.88 0.56-1.39

Abbreviations: OR, odds ratio; CI, confidence interval; adj., adjusted; NA, not applicable; X, cell contains <5 observations (due to ethics regulations to preserve

confidentiality, the exact count is not displayed).
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Table 19: Odds ratios for seizures in users of different antidepressant drug classes compared to non-users of antidepressants, by current or past use, and by a history of stroke/TIA

Analysis restricted to patients with a history of stroke/TIA

Antidepressant drug class No. Cases No- Controls ORcrude  95% CI OR adj.’ 95% CI
(n=90) (%)* (n=103) (%)*

SSRIs

No use 15(2.4) 24 (1.0) 1 reference 1 reference

Current use (last presc. < 90 days ago) 50 (8.1) 31(1.3) 1.93 0.87-4.27 2.35 0.98-5.61

Past use (last presc. >90 days ago) 25 (4.0) 48 (1.9) 0.71 0.31-1.67 0.85 0.34-2.14

SNRIs

No use 85 (13.7) 96 (3.9) 1 reference 1 reference

Current use (last presc. < 90 days ago) X 5(0.2) NA NA NA NA

Past use (last presc. >90 days ago) X X NA NA NA NA

TCAs

No use 65 (10.5) 70 (2.8) 1 reference 1 reference

Current use (last presc. < 90 days ago) 8(1.3) 16 (0.7) 0.58 0.22-1.52 0.82 0.27-2.45

Past use (last presc. >90 days ago) 17 (2.8) 17 (0.7) 1.17 0.53-2.57 1.01 0.42-2.42

Other antidepressants®

No use 77 (12.4) 98 (4.0) 1 reference 1 reference

Current use (last presc. < 90 days ago) 6 (1.0) X NA NA NA NA

Past use (last presc. >90 days ago) 7(1.1) X NA NA NA NA
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Table 19 (cont.)

Analysis restricted to patients without a history of stroke/TIA

Antidepressant drug class No- Cases No- Controls ORcrude  95% CI ORadj.®  95%CI
(0=90) (%)* (n=103) (%)*

SSRIs

No use 90 (14.5) 533 (21.5) 1 reference 1 reference

Current use (last presc. < 90 days ago) 193 (31.2) 598 (24.2) 1.88 1.42-2.48 1.94 1.42-2.63

Past use (last presc. >90 days ago) 246 (39.7) 1,242 (50.2) 1.09 0.82-1.44 1.18 0.87-1.60

SNRIs

No use 466 (75.3) 2,194 (88.6) 1 reference 1 reference

Current use (last presc. < 90 days ago) 27 (4.4) 59 (2.4) 2.36 1.46-3.80 2.08 1.24-3.51

Past use (last presc. >90 days ago) 36 (5.8) 120 (4.9) 1.44 0.97-2.14 1.20 0.78-1.84

TCAs

No use 410 (66.2) 1,826 (73.8) 1 reference 1 reference

Current use (last presc. < 90 days ago) 27 (4.4) 131 (5.3) 0.97 0.63-1.50 1.03 0.65-1.65

Past use (last presc. >90 days ago) 92 (14.9) 416 (16.8) 0.97 0.77-1.30 1.08 0.80-1.44

Other antidepressants®

No use 475 (76.7) 2,201 (88.9) 1 reference 1 reference

Current use (last presc. < 90 days ago) 28 (4.5) 49 (2.0) 3.10 1.89-5.10 2.03 1.12-3.68

Past use (last presc. >90 days ago) 26 (4.2) 123 (5.0) 1.01 0.65-1.56 0.82 0.51-1.31

Abbreviations: OR, odds ratio; CI, confidence interval; adj., adjusted; NA, not applicable; X, cell contains <5 observations (due to ethics regulations to preserve confidentiality, the

exact count is not displayed).
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Table 20: Odds ratios for seizures in users of different antidepressant drug classes compared to non-users of antidepressants, by current or past use

No. Cases (n=619)

No. Controls

Antidepressant drug class OR crude 95% CI OR adj.” 95% CI
(%)* (n=2,476) (%)*

No use of antidepressants 34 (5.5) 228 (9.2) 1 reference 1 reference

SSRIs

Current use (last presc. < 90 days ago) 243 (39.3) 629 (25.4) 2.56 1.70-3.86 2.06 1.35-3.16

Past use (last presc. >90 days ago) 271 (43.8) 1,290 (52.1) 1.37 0.89-2.09 1.21 0.78-1.89

SNRIs

Current use (last presc. < 90 days ago) 31(5.0) 64 (2.6) 3.71  2.06-6.67 2.11  1.06-4.20

Past use (last presc. >90 days ago) 37 (6.0) 122 (4.9) 2.39 1.37-4.17 1.25 0.64-2.45

TCAs

Current use (last presc. < 90 days ago) 35(5.7) 147 (5.9) 1.75 1.02-3.01 1.04 0.56-1.92

Past use (last presc. >90 days ago) 109 (17.6) 433 (17.5) 1.91 1.21-3.03 1.15 0.68-1.94

Other antidepressants®

Current use (last presc. < 90 days ago) 34 (5.5) 51(2.1) 522 2.87-9.48 2.44  1.19-4.98

Past use (last presc. >90 days ago) 33(5.3) 126 (5.1) 2.00 1.14-3.49 0.99 0.50-1.96

Abbreviations: OR, odds ratio; CI, confidence interval; adj., adjusted; NA, not applicable; presc., prescription; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin-

norepinephrine reuptake inhibitors; TCAs, tricyclic antidepressants.

* Cases and controls could be users of more than one antidepressant group and thus be listed more than once in the table (thus percentages do not total 100%).

® Adjusted for alcohol consumption, other antidepressant drug classes, benzodiazepines, antipsychotics, opioids, schizophrenia, affective disorders other than depression,

compulsive disorders, suicide attempt or suicidal ideation, dementia, Parkinson’s disease, TIA, and stroke.

°This group consisted of the drugs mirtazapine, bupropion, reboxetine, and trazodone.
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Table 21: Odds ratios for seizures in users of different antidepressant drug classes compared to non-users of antidepressants, by current or past use, and by switching of antidepressants during

follow-up, compared to non-users of antidepressants

No. Cases No. Controls b
Antidepressant drug class OR crude 95% CI OR adj. 95% CI
(0=619) (%)* (n=2,476) (%)*

No use 34 (5.5) 228 (9.2) 1 reference 1 reference

Analyses restricted to patients who did not switch antidepressants

SSRIs

Current use (last presc. < 90 days ago) 150 (24.2) 396 (16.0) 2.56 1.68-3.91 2.13 1.37-3.30
Past use (last presc. >90 days ago) 148 (23.9) 800 (32.3) 1.22 0.78-1.90 1.19 0.75-1.88
SNRIs

Current use (last presc. < 90 days ago) 6(1.0) 16 (0.7) 2.79 0.99-7.88 2.21 0.74-6.57
Past use (last presc. >90 days ago) X 26 (1.1) NA NA NA NA
TCAs

Current use (last presc. < 90 days ago) 152.4) 63 (2.5) 1.70 0.85-3.37 1.51 0.74-3.11
Past use (last presc. >90 days ago) 27 (4.4) 157 (6.3) 1.30 0.73-2.31 1.07 0.59-1.95
Other antidepressants®

Current use (last presc. < 90 days ago) 9(1.5) 13 (0.5) 5.19 2.02-13.33 2.17 0.72-6.48
Past use (last presc. >90 days ago) X 18 (0.7) NA NA NA NA
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Table 21 (cont.)

Antidepressant drug class o Cases No- Controls ORcrude  95% CI ORadj.®  95% CI
(0=619) (%)* (n=2,476) (%)*

No use 34 (5.5) 228 (9.2) 1 reference 1 reference

Analyses restricted to patients who switched antidepressants

SSRIs

Current use (last presc. < 90 days ago) 93 (15.0) 233(9.4) 2.59 1.63-1.14 1.87 1.11-3.15

Past use (last presc. >90 days ago) 123 (19.9) 490 (19.8) 1.65 1.04-2.61 1.15 0.68-1.96

SNRIs

Current use (last presc. < 90 days ago) 25 (4.0) 48 (1.9) 4.04 2.15-7.59 2.31 1.05-5.08

Past use (last presc. >90 days ago) 34 (5.5) 96 (3.9) 2.84 1.60-5.05 1.58 0.75-3.37

TCAs

Current use (last presc. < 90 days ago) 20 (3.2) 84 (3.4) 1.77 0.94-3.34 0.66 0.28-1.57

Past use (last presc. >90 days ago) 82 (13.3) 276 (11.2) 2.29 1.42-3.70 0.96 0.47-2.00

Other antidepressants®

Current use (last presc. < 90 days ago) 25 (4.0) 38 (1.5) 5.23 2.72-10.08 2.57 1.13-5.88

Past use (last presc. >90 days ago) 31(5.0) 108 (4.4) 2.20 1.24-3.90 0.99 0.48-2.06

Abbreviations: OR, odds ratio; CI, confidence interval; adj., adjusted; NA, not applicable; presc., prescription; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin-norepinephrine
reuptake inhibitors; TCAs, tricyclic antidepressants; X, cell contains <5 observations (due to ethics regulations to preserve confidentiality, the exact count is not displayed).

 Cases and controls could be users of more than one antidepressant group and thus be listed more than once in the table (thus percentages do not total 100%).

® Adjusted for alcohol consumption, other antidepressant drug classes, benzodiazepines, antipsychotics, opioids, schizophrenia, affective disorders other than depression, compulsive

disorders, suicide attempt or suicidal ideation, dementia, Parkinson’s disease, TIA, and stroke.

This group consisted of the drugs mirtazapine, bupropion, reboxetine, and trazodone.
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3.2.5 Discussion

The findings of this observational study suggest that patients with depressive disorder who are
treated with SSRIs and SNRIs are at a higher risk of developing seizures than untreated
patients or patients who received antidepressant drug treatment in the past. Our estimated
incidence rates tended to be higher in SSRI and SNRI users and lower in TCA users than in
non-users of antidepressants, especially in patients aged 50 or over. Estimated incidence rates
of seizures were low irrespective of any antidepressant treatment. Adjusted relative risk
estimates suggested that SSRI and SNRI users were at a twofold increased risk of developing
seizures than non-users, and that the period of treatment initiation was associated with the
highest risk of seizures. In addition, effect modification by underlying dementia, but not

stroke/TIA, may be important in users of SSRIs.

Alper et al. found significantly lower incidence rates of seizures among depressed patients
who used second-generation antidepressants than those who used placebo.” However, these
findings were based on a very limited number of patients with seizures in the placebo groups,
and this missing information about seizure occurrence in the placebo groups questions the
validity of their findings.”> Conversely, our incidence rate estimates which were based on 4.5
times as many cases with seizures observed and a considerably longer follow-up period were
higher in users of second-generation antidepressants than in patients with no antidepressant
treatment. Our incidence rate estimate in past users was closely similar to incidence rates of
unprovoked seizures in the non-depressed European populations.*** Of interest, this
incidence rate in past users was significantly lower than the incidence rate in depressed
patients who did not yet use antidepressants. This finding supports the theory that untreated
depression is a risk factor for seizures.?”¢>¢¢%

Our results of the nested case-control analysis are in line with a recent British observational
study on severe adverse events related to antidepressants in depressed patients aged over 65
years, which reported increased hazard ratios of seizures among SSRI users (adjusted hazard
ratio 1.83, 95% CI 1.49-2.26) and users of other antidepressants (adjusted hazard ratio 2.24,
95% CI 1.60-3.15), but not TCA users (adjusted hazard ratio 1.02, 95% CI 0.76-1.38),
compared to non-users.”® Our results in patients aged between 18 and 90 suggested that
current use of SSRIs or SNRIs was associated with an increased risk of seizures compared to
non-use, in particular at treatment initiation. Overall, current use of TCAs was not associated

with seizures compared to non-use, although we observed a potential slight risk difference
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between men and women. TCAs were generally prescribed at low doses among our study
population: the most frequently used TCA amitriptyline was rarely prescribed at doses higher
than 75-100 mg, the minimum daily dose considered by some authors to be effective

compared to placebo for treatment of depression.''®

In this study we provide absolute and relative risk estimates of developing seizures in a large
population of adult depressed patients who were followed over a long period of time and
under ‘real-life’ conditions. To our knowledge, no other study thus far has provided detailed
information on the role of timing, duration, and dose of antidepressant use on the risk of
seizures. Our results suggest that treatment initiation and for some substances increasing dose
are important risk factors for developing seizures among users of SSRIs and SNRIs. We
addressed potential confounding by excluding patients with major risk factors for seizures,
matching controls to cases on age, gender, GP practice, and duration of depression, and

adjusting multivariate models for other potential confounders reported in the literature.

There are limitations to this study. First of all, the ascertainment of a first epileptic seizure is
not guaranteed through the Read code record; other medical conditions could wrongly have
been classified as seizures. As antiepileptic drugs are usually only prescribed to selected
patients after the first seizure,”” we did not want to consider patients with subsequent
antiepileptic treatment only. Also, potential misclassification of seizures was likely to be
similarly distributed across users of different antidepressants. Second, the limited number of
cases with seizures (especially in the analyses of single drugs) resulted in imprecise risk
estimates. Although point estimates revealed trends toward higher or lower risk associated
with different antidepressants and doses prescribed, the differences were not statistically
significant. Third, we could not adjust our analyses for depression severity based on rating
scales, as this information is not available in the CPRD. Depression has been associated with

an increased risk of seizures in a review of clinical trials,” in epidemiological studies,””*>%

. . - : . 84119
and in reviews of neurobiological studies,”

and depression severity may be associated with
the choice of antidepressant drug and dose prescribed. However, we aimed to minimize
confounding by depression severity on our results by including patients with an ICD-10 coded
depression diagnosis only if they received an antidepressant treatment at some point after the
diagnosis to exclude patients with mild and transient depression. To avoid comparing patients
with more severe depression to patients with less severe depression, we matched controls to

cases on duration of depression and included users of other antidepressants than the ones

studied in the reference group of the nested case-control analysis. A sensitivity analysis in
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which we compared patients with antidepressant treatment to patients with no treatment
yielded closely similar relative risk estimates and thus argued against substantial confounding
by indication. Last, to further assess the influence of depression severity on the relative risk
estimates, we explored the association of interest in patients who did or did not switch

117

between drug treatments, ' and observed no substantial differences in relative risk estimates.

In conclusion, our study suggested that depressed patients who currently used SSRIs and
SNRIs were at a higher risk of developing incident seizures than untreated patients. Current
use of TCAs was not associated with the occurrence of seizures, a finding that may be
explained by low dosages of TCAs prescribed. Treatment initiation rather than longer-term
treatment was an important risk factor for the development of seizures. Our findings on the
risk of seizures associated with single antidepressants were based on a limited number of
cases and controls; further studies, preferably taking into account underlying depression
severity and drug doses taken, are needed to confirm them. Also, further research is required
on the association between antidepressant use and seizure frequency in patients with

diagnosed epilepsy and comorbid depression.
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3.3.1 Abstract

Objective

To investigate the association between antipsychotic drug use and the development of first-

time seizures in patients with schizophrenia, affective disorders, or dementia.

Methods

We used data from the U.K.-based Clinical Practice Research Datalink database to conduct a
follow-up study with a nested case-control analysis between 1998 and 2013. We identified
patients with schizophrenia, affective disorders, or dementia, and estimated incidence rates of
seizures among users of four antipsychotic subclasses, defined according to existing
hypotheses on their seizure-inducing potential (1. olanzapine or quetiapine; 2. amisulpride,
aripiprazole, risperidone, or sulpiride; 3. low to medium potency first-generation
antipsychotics [chlorpromazine, zuclopenthixol, flupenthixol, pericyazine, promazine,
thioridazine]; 4. medium to high potency first-generation antipsychotics [haloperidol,
prochlorperazine, trifluoperazine]), and among those who did not use antipsychotics. To
adjust for confounding, we estimated odds ratios for seizures separately among patients with

affective disorders or dementia, stratified by antipsychotic use and timing of use.

Results

In the total cohort of 60,121 patients (who had schizophrenia, affective disorders, or
dementia), the incidence rate of seizures per 10,000 person-years was 32.6 (95% confidence
interval [CI] 22.6-42.6) in users of olanzapine or quetiapine, 24.1 (95% CI 13.2-34.9) in users
of amisulpride, aripiprazole, risperidone, or sulpiride, 49.4 (95% CI 27.7-71.0) in users of low
to medium potency antipsychotics, 59.1 (95% CI 40.1-78.2) in users of medium to high
potency antipsychotics, and 11.7 (95% CI 10.0-13.4) in non-users of antipsychotics. Patients
with dementia had significantly higher incidence rates of first-time seizures compared with
patients with affective disorders, irrespective of antipsychotic drug use. In patients with
affective disorders, current use of medium to high potency first-generation antipsychotics was
associated with an increased risk of seizures (adjusted odds ratio 2.51 [95% CI 1.51-4.18])
compared with non-use, while use of other antipsychotics was not associated with seizures. In
patients with dementia, current use of olanzapine or quetiapine (adjusted odds ratio 2.37 [95%
CI 1.35-4.15]), low to medium potency first-generation antipsychotics (adjusted odds ratio

76



Project 3: Antipsychotic drug use and the risk of seizures

3.08 [95% CI 1.34-7.08]), and medium to high potency first-generation antipsychotics
(adjusted odds ratio 2.24 [95% CI 1.05-4.81]) was associated with an increased risk of
seizures compared with non-use, but current use of amisulpride, aripiprazole, risperidone, or
sulpiride (adjusted odds ratio 0.92 [95% CI 0.48-1.75]) was not. Use of antipsychotics in

patients with schizophrenia could not be investigated due to small numbers.

Conclusions

Current use of medium to high potency first-generation antipsychotics was associated with a
2.5-fold increased risk of seizures compared to non-use of antipsychotics in patients with
affective disorders. In these patients, current use of all other antipsychotic subclasses was not
associated with seizures. In patients with dementia, current and past use of all antipsychotic
subclasses, except amisulpride, aripiprazole, risperidone or sulpiride, was associated with an

increased risk of seizures.
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3.3.2 Introduction

Antipsychotics are commonly used in patients with schizophrenia, affective disorders, or
dementia.'”® These drugs have been associated with seizures, especially if high doses are

applied, if a rapid dose increase occurs, or if other risk factors for seizures are present.’”’

Across first-generation antipsychotics, low potency drugs with strong sedation (particularly
aliphatic phenothiazines) have been associated with a higher risk of seizures than high
potency drugs.[3—6] The evidence on this association is scarce and is mainly based on one
observational study in hospitalized psychiatric patients published almost 50 years ago.”' In
this study, the overall incidence of seizures over 4.5 years was 1.2% among 859 phenothiazine

. . .. 91
users, while no seizures occurred among 669 non-users of phenothiazines.

Among second-generation antipsychotics clozapine has repeatedly been associated with the

- - - 93,122-124
highest risk of seizures.”™

In a meta-analysis of clinical trials including a limited number
of patients observed over a short time period, the incidence rate of seizures was higher in
users of clozapine, olanzapine, and quetiapine compared to placebo, but not in users of
risperidone or ziprasidone.” Also, users of clozapine, olanzapine, and quetiapine more
frequently reported seizures than users of other second-generation antipsychotics (such as
risperidone, amisulpride, or aripiprazole) in two studies based on pharmacovigilance data
susceptible to reporting bias and confounding.”>**

Using primary care observational data collected in the U.K. over a time span of 15 years, we
aimed to explore the association between antipsychotic drug use and the development of first-
time seizures in a large population of adult patients with schizophrenia, affective disorders, or

dementia. We further aimed to investigate the role of the underlying indication on the risk of

seizures in antipsychotic drug users.

3.3.3 Methods
Study design and data source

We used data from the U.K.-based Clinical Practice Research Datalink (CPRD) database to
conduct a retrospective population-based follow-up study with a nested case-control analysis.
The CPRD was established more than 25 years ago and encompasses data on some eight

million people who are registered with approximately 700 general practitioners (GPs), as

78



Project 3: Antipsychotic drug use and the risk of seizures

described in detail elsewhere.*'~*!%>!2® The GPs record information on demographics,
lifestyle variables, medical diagnoses (recorded as ‘Read codes’), hospitalizations, and drug
prescriptions in a standardized anonymous form. The records on drug exposure and diagnoses
have repeatedly been validated and proven to be of high quality ***°. The CPRD has been the

127-129 and on

data source for several observational studies on antipsychotic drug use
seizures.*®**19%!15 This study was approved by the Independent Scientific Advisory
Committee for Medicines and Healthcare products Regulatory Agency research (London,

U.K)).
Study population

We identified all patients aged 18 to 89 years between January 1998 and December 2011, who
(1) had a first-time diagnosis of schizophrenia, affective disorders, or dementia, followed by
an antipsychotic prescription at any time thereafter, or (2) a first-time prescription for an
antipsychotic drug, provided that a first-time diagnosis of schizophrenia, affective disorders,
or dementia followed within one year. Schizophrenia, affective disorders, and dementia were
defined by codes corresponding to the International Classification of Diseases version 10
(ICD-10) codes F20-29 ‘Schizophrenia, schizotypal and delusional disorders’, F30-39 ‘Mood
[affective] disorders’, and FO0-FO3 ‘Dementia in Alzheimer’s disease’, ‘Vascular dementia’,
‘Dementia in other diseases classified elsewhere’, and ‘Unspecified dementia’. The date of (1)
or (2), whichever came first, will subsequently be called the ‘start date’. We excluded patients
with a diagnosis of seizures or epilepsy, or any records of antiepileptic prescriptions, prior to
the start date. Additionally, we excluded patients with recorded major risk factors for seizures
such as a history of alcoholism, drug abuse, head trauma, intracerebral bleeding, brain tumor,
brain abscess, sinus vein thrombosis, meningitis, encephalitis, HIV, or cancer prior to the start
date. Patients were required to have had at least one year of active history in the database
prior to the start date and those with codes suggesting a history of schizophrenia, affective

disorders, or dementia prior to the start date were excluded.
Follow-up and definition of seizure cases

We followed all patients from the start date until they had (1) a first-time diagnosis of seizure
or epilepsy (corresponding to ICD-10 codes G40 ‘Epilepsy’, G41 ‘Status epilepticus’, or
R56.8 ‘Other and unspecified convulsions’), (2) a first-time prescription for an antiepileptic

drug followed by a first-time diagnosis of seizure or epilepsy (as defined under [1]) within
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three months thereafter, (3) a first-time prescription for an antiepileptic drug preceded or
followed by a code of a suspected seizure within three months before or after, provided that a
first-time diagnosis of seizure of epilepsy (as defined under [1]) followed at any time
thereafter, (4) until they turned 90 years old, (5) died, (6) left the database, (7) reached the end
of last data collection (December 2013), or (8) until one month prior to a first-time record of a
major risk factor for seizures (as described under ‘study population’), whichever came first.
Patients whose follow-up ended due to (1), (2), or (3) will subsequently be called ‘cases’, and

their date of follow-up end will be referred to as ‘index date’.

Person-time analysis

We assessed person-time for four antipsychotic subclasses according to existing hypotheses
on their seizure-inducing potential (as described in the ‘Introduction’). We included individual
drugs in these subclasses if they encompassed at least 100 person-years of accumulated use.
Subclasses included: (1) second-generation drugs associated with a high risk of seizures
(olanzapine or quetiapine), (2) other second-generation drugs (amisulpride, aripiprazole,
risperidone, and sulpiride), (3) low to medium potency first-generation drugs
(chlorpromazine, zuclopenthixol, flupenthixol, pericyazine, promazine, thioridazine), and (4)
medium to high potency first-generation drugs (haloperidol, prochlorperazine,
trifluoperazine). We classified first-generation drugs into low to medium or medium to high
potency according to ‘The American Psychiatric Publishing Textbook of
Psychopharmacology’.'*°

Person time was accumulated as follows: (1) no exposure to antipsychotics (‘no antipsychotic
treatment’) was defined as the period between the first diagnosis of affective disorders,
schizophrenia, or dementia, and the first prescription for an antipsychotic, provided that the
diagnosis occurred prior to the prescription; (2) current exposure to only one antipsychotic
(‘mono use’) was defined as use from the day of the prescription through the expected end of
treatment plus 7 days, provided that no other antipsychotic was prescribed in this period.
Patients who switched between different antipsychotics but had no period of overlapping
treatment contributed person-time to mono use of these different antipsychotics; (3) current
exposure to more than one antipsychotic concomitantly (‘mixed use’) was defined as use from
the day when at least two antipsychotics were prescribed concomitantly through the expected
end of treatment of all or all but one antipsychotic plus 90 days. Patients who remained

treated with one antipsychotic after the period of mixed use contributed person-time to mono
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use for the remaining drug thereafter; and (4) past exposure after stopping antipsychotic
treatment (‘past use’) was defined as the time after mono- or mixed use had elapsed. The
duration of treatment was derived from the recorded quantity of tablets, injections, or oral
liquids, and the dose instructions. If no quantity or dose instruction was recorded, we used
default values in the following order: (1) the quantity and/or dose instruction recorded for the
same drug at the closest visit prior to the previous visit, or, if no information was available at
any time before, (2) the quantity and/or dose instruction most frequently recorded among our

study population for the same drug.

Nested case-control analysis

For each case we identified up to four controls from the study population with no seizures
during the study period. Controls were matched to cases on age (year of birth + 2 years), sex,
index date, and duration of history in the database prior to the index date (+ 2 years).
Additionally, controls were matched to cases on underlying schizophrenia, affective disorders,
or dementia. If patients had diagnoses for more than one of these disorders prior to the index
date, they were matched according to the following order based on smallest chance of
remission/recovery and strongest association with seizures: (1) dementia, (2) schizophrenia,
and (3) affective disorders.®**>5¢

Case and control exposure to antipsychotics was classified according to the timing of
antipsychotic use prior to the index date; ‘non-users’ were those who had no antipsychotic
prescriptions prior to the index date; ‘current users’ and ‘past users’ were those who had
received the last prescription <90 days or >90 days prior to the index date, respectively.
Additionally, current users were stratified by exposure duration (‘short-term users’ and ‘long-
term users’ were those who had received the first prescription <90 days or >90 days prior to
the index date, respectively). Because incidence rates of seizures differed significantly
between patients with affective disorders and patients with dementia in the follow-up part of
the study, we conducted the nested case-control analysis among cases and controls with
underlying affective disorders or dementia separately (number of patients with schizophrenia
was too low for a separate analysis). We evaluated individual antipsychotic drugs if there
were at least 5 exposed subjects in each exposure level. Where possible we classified each
antipsychotic drug by the dose prescribed at the index date (<1 defined daily dose, > 1 defined

daily dose).''
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Statistical analysis

We conducted a crude person-time analysis to estimate incidence rates of seizures, with 95%
confidence intervals (95% Cls), for the following exposures: any mono use, mono use of
different antipsychotic subclasses, mono use of individual drugs, past use of antipsychotics,
and no use of antipsychotics. Incidence rates were estimated among the whole cohort of
patients with schizophrenia, affective disorders, or dementia, and separately among patients

who had diagnoses of affective disorders or dementia only.

In the nested case-control analysis, we used SAS statistical software (version 9.4; SAS
Institute, Cary, NC, USA) to conduct conditional logistic regression analyses. Relative risk
estimates of antipsychotic use among cases and controls were calculated as odds ratios with
95% CIs. Our reference group comprised patients with no antipsychotic treatment prior to the
index date. Based on preexisting literature, we a priori adjusted multivariate models for
alcohol consumption (none, 1-14 units/week, >14 units/week, unknown), compulsive
disorders, Parkinson’s disease, stroke and/or transient ischemic attack (TIA), suicidal
ideation/attempts, and current or past use of antidepressants, anticonvulsants, opioids,
benzodiazepines, or antipsychotics other than those studied.”>****"*! We tested as additional
potential confounders a history of cardiovascular diseases, diabetes, hypertension,
hyperlipidemia, hypothyroidism, sleep disorders, renal diseases, or migraine, and concurrent
use of antibiotics, anti-malarial drugs, stimulants, and immunosuppressant or antiarrthythmic
drugs, but we did not include them in the final model as they did not alter the risk estimates

by more than 5%.

To assess potential effect modification we stratified cases and controls by history of stroke
and/or TIA, or of underlying disorders (affective disorders, dementia) and age (18-59 years,

60-90 years).

In sensitivity analyses we explored whether risk estimates of seizures associated with the use
of antipsychotic subclasses differed if the reference group included non-users of the
respective antipsychotic subclass (who potentially used other subclasses) prior to the index
date. Additionally, we excluded users of prochlorperazine from the exposed group, to explore
whether the risk of seizures associated with the use of medium to high potency first-
generation antipsychotics changed since this drug is often used to treat nausea rather than

psychotic symptoms.
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3.3.4 Results

We identified 60,121 patients who met our inclusion criteria, of whom 79.6% were diagnosed
with affective disorders, 11.2% with dementia, 3.0% with schizophrenia, and 6.2% with more
than one disorder. Of these patients, 583 had a first-time diagnosis of seizure during follow-
up. We also conducted a nested case-control analysis of 334 cases and 1,336 controls all of
whom had an affective disorder, and 202 cases and 773 controls all of whom had dementia.
Mean age (+ standard deviation) at the index date of patients with affective disorders or

dementia was 47.7 (£18.5) years and 76.7 (£8.1) years, respectively.

Incidence rates

Among the entire study population, the estimated incidence rates of seizures per 10,000
person-years (PYs) were 38.0 (95% CI, 31.1-44.9), 11.7 (95% CI, 10.0-13.4), and 12.4 (95%
CI, 10.9-13.8) in current mono users, non-users, or past users of antipsychotics, respectively
(Table 22). The highest incidence rate of seizures was among users of medium to high
potency first-generation drugs (59.1 per 10,000 person-years [95% CI, 40.1-78.2]), and lowest
for users of the second-generation drugs amisulpride, aripiprazole, risperidone, or sulpiride
(24.1 per 10,000 person-years [95% CI, 13.2-34.9]). Among individual drugs, use of
haloperidol was associated with the highest incidence rate of seizures (115.4 per 10,000
person-years [95% CI, 50.1-180.7]). Incidence rates of seizures were significantly higher in
patients with dementia than in patients with affective disorders, irrespective of antipsychotic
treatment (Table 22). Incidence rates of seizure were similar in non-use and past use of
antipsychotics among patients with affective disorders, while in patients with dementia, past
use of antipsychotics was associated with significantly higher incidence rate of seizures than

non-use.

Nested case-control analysis

In the nested case-control analysis history of suicide attempt and/or suicidal ideation,
migraine, or stroke/TIA, and concurrent use of opioids, benzodiazepines, anticonvulsants, or
antidepressants were associated with an increased risk of seizures in patients with affective
disorders (Table 23). History of stroke/TIA and concurrent use of benzodiazepines, were

associated with an increased risk of seizures in patients with dementia.
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Current use of first-generation medium to high potency antipsychotics (adjusted odds ratio
2.51 [95% CI, 1.51-4.18]) was associated with an increased risk of seizures compared to non-
use of antipsychotics in patients with affective disorders (Table 24). In these patients, current
use of all other antipsychotic subclasses was not associated with seizures. In patients with
dementia, current and past use of all first-generation antipsychotics and olanzapine and
quetiapine, was associated with an increased risk of seizures compared to non-use of
antipsychotics, while use of amisulpride, aripiprazole, risperidone, or sulpiride was not
associated with seizures (Table 24). Due do small numbers of patients with current
antipsychotic use, we could not calculate meaningful odds ratios for current use stratified by

exposure duration.

Table 25 displays odds ratios of seizures associated with the most frequently prescribed
antipsychotic individual drugs in patients with affective disorders or dementia, respectively.
Current use of prochlorperazine was associated with an increased risk of seizures compared to
non-use of antipsychotics in patients with affective disorders (Table 25). Current use of all
antipsychotic individual drugs except risperidone and past use of all antipsychotic individual
drugs were associated with increased risks of seizures compared to non-use of antipsychotics
in patients with dementia (Table 25). Most users of antipsychotic drugs were prescribed doses
that were lower than or equal to the defined daily dose at the index date (88.0% of olanzapine
or quetiapine users, 92.4% of amisulpride, aripiprazole, risperidone, or sulpiride users, 97.8%
of low to medium potency first-generation antipsychotic users, and 100% of medium to high
potency first-generation antipsychotic users). Thus, we were unable to assess a potential dose-

effect relationship of antipsychotic drug use in relation to the risk of seizures.

Due to low numbers of patients with a history of stroke/TIA, potential effect modification by
indication (affective disorders or dementia) could not be assessed in this subgroup. However,
in the whole study population, the effects of antipsychotic use on the risk of seizures did not

differ materially between those with and without a history of stroke/TIA (Table 26).

Current use of medium to high potency first-generation antipsychotics was associated with
increased risks of seizures in all age groups (adjusted odds ratios 2.20 [95% CI, 1.18-4.09]
and 4.97 [95% CI, 1.68-14.67] in patients less than 60 years or 60 years or over, respectively)
[data not shown]. Most patients with dementia (94.6%) were aged 60 years or over while
1,233 (73.2%) patients with affective disorders were aged less than 60 years, and 447 (26.8%)

were aged 60 years or over at the index date.
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When the reference group was defined as non-use of the respective subclass of antipsychotics
the results were closely similar (Table 27) to those of the main analysis (Table 24). Excluding
prochlorperazine from the subclass of first-generation medium to high potency antipsychotics
yielded a higher odds ratio of seizures in patients with affective disorders (adjusted odds ratio
12.56 [95% CI1, 3.31-47.67]) compared to the estimate from the main analysis (Table 24),

although the difference was not statistically significant.
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Table 22: Incidence rates of seizures in patients with no antipsychotic treatment, with current and past use of antipsychotics,

and with current use of different antipsychotic subclasses or single drugs, by underlying disorder

No. of patients IR
PYs 95% CI
with seizures [per 10,000 PYs]

Whole study population

No antipsychotic treatment 156,386 183 11.7 10.0-13.4
Past use 218,623 270 12.4 10.9-13.8
Any mono use 30,779 117 38.0 31.1-44.9
Olanzapine or quetiapine 12,577 41 32.6 22.6-42.6
Olanzapine 6,839 13 19.0 8.7-29.3
Quetiapine 5,738 28 48.8 30.7-66.9
Amisulpride, aripiprazole, risperidone, or

sulpiride 7,895 19 24.1 13.2-34.9
Amisulpride 1,256 5 39.8 4.9-74.7
Risperidone 5,012 13 25.9 11.8-40.0
Low to medium potency antipsychotics® 4,051 20 494 27.7-71.0
Promazine 839 8 95.4 29.3-161.4
Medium to high potency antipsychotics® 6,256 37 59.1 40.1-78.2
Haloperidol 1,040 12 1154 50.1-180.7
Prochlorperazine 4,404 19 43.1 23.7-62.5
Trifluoperazine 812 6 73.9 14.8-133.0
Analysis restricted to patients with affective disorders

No antipsychotic treatment 139,686 117 8.4 6.9-9.9
Past use 199,303 164 8.2 7.0-9.5
Any mono use 16,718 35 20.9 14.0-27.9
Olanzapine or quetiapine 6,427 7 10.9 2.8-19.0
Amisulpride, aripiprazole, risperidone, or 2,832 < NA NA
sulpiride

Low to medium potency antipsychotics® 2,627 6 22.8 4.6-41.1
Medium to high potency antipsychotics® 4,831 21 43.5 24.9-62.1
Prochlorperazine 4,093 17 41.5 21.8-61.3
Analysis restricted to patients with dementia

No antipsychotic treatment 7,864 38 48.3 33.0-63.7
Past use 6,326 67 105.9 80.6-131.3
Any mono use 4,956 50 100.9 72.9-128.8
Olanzapine or quetiapine 1,826 20 109.5 61.5-157.5
Quetiapine 1,523 18 118.2 63.6-172.7
Amisulpride, aripiprazole, risperidone, or

sulpiride 1,594 11 69.0 28.2-109.8
Risperidone 1,063 6 56.4 11.3-101.6
Low to medium potency antipsychotics® 794 7 88.1 22.8-153.4
Medium to high potency antipsychoticsb 742 12 161.6 70.2-253.1
Haloperidol 488 10 205.0 77.9-332.0
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Table 22 (cont.)

Abbreviations: PYs, person-years; IR, incidence rate; CI, confidence interval; NA, not applicable; X, Cell contains <5

patients (due to ethics regulations to preserve confidentiality, we are not allowed to display cells with a count of <5 patients).

* This group consisted of chlorpromazine, zuclopenthixol, flupentixol, pericyazine, promazine, and thioridazine.

® This group consisted of haloperidol, prochlorperazine, and trifluoperazine.

Table 23: Characteristics of cases with seizures and matched controls®, by underlying disorder

Analysis restricted to patients with affective disorders

Characteristics No. Cases (%)" No. Controls (%)" OR crude 95% CI
(n=334) (n=1,336)
Sex
Male 113 (33.8) 452 (33.8) NA NA
Female 221 (66.2) 884 (66.2) NA NA
Age, years
18-39 134 (40.2) 536 (40.1) NA NA
40-59 111 (33.3) 442 (33.1) NA NA
60-90 89 (26.7) 358 (26.8) NA NA
Smoking status
Nonsmoker 132 (39.5) 570 (42.7) 1 reference
Current smoker 111 (33.2) 396 (29.6) 1.22 0.91-1.63
Former smoker 76 (22.8) 305 (22.8) 1.08 0.78-1.49
Unknown 15 (4.5) 65 (4.9) 0.99 0.53-1.87
Alcohol consumption (units/week, any time prior to the index date)
Nondrinker 156 (46.7) 620 (46.4) 1 reference
1-14 119 (35.6) 453 (33.9) 1.04 0.80-1.36
>14 25(7.5) 101 (7.6) 0.98 0.60-1.59
Unknown 34 (10.2) 162 (12.1) 0.82 0.54-1.26
Comorbidities any time prior to the index date®
Suicide attempt and/or suicidal ideation 49 (14.7) 129 (9.7) 1.63 1.14-2.33
Parkinson's disease X 11 (0.8) NA NA
Migraine 55 (16.5) 152 (11.4) 1.58 1.12-2.24
Transient ischemic attack/ischemic stroke 45 (13.5) 44 (3.3) 7.45 4.25-13.04
Compulsive disorders 11 (3.3) 28 (2.1) 1.59 0.78-3.24
Concurrent® drug use
Opioids 82 (24.6) 210 (15.7) 1.93 1.35-2.76
Benzodiazepines 52 (15.6) 136 (10.2) 1.83 1.26-2.66
Betalactam-Antibiotics 50 (15.0) 138 (10.3) 1.50 0.95-2.35
Anticonvulsants® 19 (5.7) 37 (2.8) 2.30 1.26-4.18
Any antidepressants 185 (55.4) 528 (39.5) 1.46 0.89-2.39
Selective serotonin reuptake inhibitors 124 (37.1) 331 (24.8) 1.83 1.27-2.64
Tricyclic antidepressants 43 (12.9) 124 (9.3) 1.45 0.98-2.15
Other antidepressantsf 39 (11.7) 106 (7.9) 1.57 1.06-2.35
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Table 23 (cont.)

Analysis restricted to patients with dementia

Characteristics No. Cases (%)" No. Controls (%)" OR crude 95% CI
(n=202) (m=773)
Sex
Male 73 (36.1) 286 (37.0) NA NA
Female 129 (63.9) 487 (63.0) NA NA
Age, years
18-39 X X NA NA
40-59 11 (5.5) 19 (2.5) NA NA
60-90 191 (94.5) 754 (97.5) NA NA
Smoking status
Nonsmoker 102 (50.5) 388 (50.2) 1 reference
Current smoker 17 (8.4) 67 (8.7) 0.92 0.51-1.67
Former smoker 72 (35.6) 278 (36.0) 1.01 0.71-1.45
Unknown 11 (5.5) 40 (5.2) 1.05 0.49-2.28
Alcohol consumption (units/week, any time prior to the index date)
Nondrinker 110 (54.5) 433 (56.0) 1 reference
1-14 64 (31.7) 222 (28.7) 1.13 0.79-1.60
>14 X 33 (4.3) NA NA
Unknown 24 (11.9) 85 (11.0) 1.12 0.66-1.91
Comorbidities any time prior to the index date®
Suicide attempt and/or suicidal ideation X 18 (2.3) NA NA
Parkinson's disease 10 (5.0) 39(5.1) 1.00 0.49-2.05
Migraine X 29 (3.8) NA NA
Transient ischemic attack/ischemic stroke 59 (29.2) 122 (15.8) 2.45 1.68-3.58
Compulsive disorders X X NA NA
Concurrent® drug use
Opioids 28 (13.9) 113 (14.6) 0.89 0.55-1.45
Benzodiazepines 57 (28.2) 139 (18.0) 1.80 1.22-2.66
Betalactam-Antibiotics 28 (13.9) 101 (13.1) 1.12 0.64-1.96
Anticonvulsants® 11 (5.5) 25(3.2) 1.62 0.78-3.38
Any antidepressants 67 (33.2) 250 (32.3) 1.11 0.77-1.61
Selective serotonin reuptake inhibitors 47 (23.3) 147 (19.0) 1.30 0.87-1.93
Tricyclic antidepressants X 28 (3.6) NA NA
Other antidepressants’ 26 (12.9) 89 (11.5) 1.21 0.74-1.96

Abbreviations: OR, odds ratio; CI, confidence interval, NA, not applicable; X, Cell contains <5 patients (due to ethics

regulations to preserve confidentiality, we are not allowed to display cells with a count of <5 patients).

* Controls were matched to cases on age, sex, index date, duration of history in the CPRD, and underlying disorder

(schizophrenia, affective disorders, or dementia) diagnosed prior to the index date. All ORs presented are conditional on the

matching factors.

® Due to rounding, percentages may not total 100.

¢ The reference group for the calculation of the ORs comprised patients who never had a record of the respective disorder at

any time prior to the index date.
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4 Last prescription within 90 days prior to index date; the reference group for the calculation of the ORs comprised patients
who had no records of the respective drug at any time prior to the index date.

¢ This drug group mainly consisted of the drugs sodium valproate (38.3%), gabapentin (24.5%), carbamazepine (12.8%), and
pregabalin (10.6%).

[ This drug group mainly consisted of the drugs venlafaxine (38.0%), mirtazapine (36.5%), and trazodone (20.4%).
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Table 24: Odds ratios for seizures in users of different antipsychotic subclasses, by current or past use, and by underlying psychiatric disorder

Analysis restricted to patients with affective disorders

No. Cases (%)*

No. Controls (%)*

Antipsychotic drug group (n=334)" (n=1,336)" OR crude 95% CI OR adj.’ 95% CI
No use of antipsychotics 128 (38.3) 542 (40.6) 1 reference 1 reference
Olanzapine or quetiapine

Current use (last presc. < 90 days ago) 10 (3.0) 38 (2.8) 1.14 0.55-2.36 0.61 0.27-1.38
Past use (last presc. >90 days ago) 12 (3.6) 39(2.9) 1.33 0.67-2.67 0.83 0.37-1.87
Amisulpride, aripiprazole, risperidone, or sulpiride

Current use (last presc. < 90 days ago) 5(1.5) 27 (2.0) 0.78 0.29-2.08 0.43 0.14-1.32
Past use (last presc. >90 days ago) 12 (3.6) 37 (2.8) 1.41 0.71-2.81 1.10 0.48-2.49
Low to medium potency antipsychotics®

Current use (last presc. < 90 days ago) 6 (1.8) 21(1.6) 1.22 0.48-3.09 1.11 0.41-2.98
Past use (last presc. >90 days ago) 32 (9.6) 114 (8.5) 1.20 0.77-1.87 0.88 0.52-1.48
Medium to high potency antipsychotics®

Current use (last presc. < 90 days ago) 36 (10.8) 56 (4.2) 2.76 1.72-4.43 2.51 1.51-4.18
Past use (last presc. >90 days ago) 120 (35.9) 546 (40.9) 0.93 0.69-1.26 0.86 0.63-1.19
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Table 24 (cont.)

Analysis restricted to patients with dementia

No. Cases (%)* No. Controls (%)*

Antipsychotic drug group (1=202)° (n=773)" OR crude 95% CI OR adj. 95% CI
No use of antipsychotics 46 (22.8) 290 (37.5) 1 reference 1 reference
Olanzapine or quetiapine

Current use (last presc. < 90 days ago) 36 (17.8) 101 (13.1) 2.33 1.43-3.80 2.37 1.35-4.15
Past use (last presc. >90 days ago) 22 (10.9) 57 (7.4) 2.66 1.47-4.80 2.66 1.33-5.30
Amisulpride, aripiprazole, risperidone, or sulpiride

Current use (last presc. < 90 days ago) 18 (8.9) 106 (13.7) 1.08 0.60-1.94 0.92 0.48-1.75
Past use (last presc. >90 days ago) 30 (14.9) 86 (11.1) 2.32 1.37-3.94 1.87 1.00-3.50
Low to medium potency antipsychotics®

Current use (last presc. < 90 days ago) 14 (6.9) 27 (3.5) 3.82 1.79-8.16 3.08 1.34-7.08
Past use (last presc. >90 days ago) 31 (15.4) 71 (9.2) 2.99 1.75-5.12 2.97 1.55-5.69
Medium to high potency antipsychotics®

Current use (last presc. < 90 days ago) 14 (6.9) 37 (4.8) 2.57 1.28-5.19 2.24 1.05-4.81
Past use (last presc. >90 days ago) 50 (24.8) 154 (19.9) 2.14 1.35-3.39 2.09 1.22-3.59

Abbreviations: OR, odds ratio; CI, confidence interval; adj., adjusted; presc., prescription.

* Due to rounding, percentages may not total 100.

b Cases and controls could be users of more than one antipsychotic drug group and thus be listed more than once in the table.

¢ Adjusted for all other antipsychotics, alcohol status, antidepressants, anticonvulsants, benzodiazepines, opioids, compulsive disorders, Parkinson’s disease, suicidal ideation/attempts,
and stroke and/or transient ischemic attack.

4 This group consisted of chlorpromazine, zuclopenthixol, flupentixol, pericyacine, promazine, and thioridazine.

° This group consisted of haloperidol, prochlorperazine, and trifluoperazine.
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Table 25: Odds ratios for seizures in users of different antipsychotic single substances, by current or past use, and by underlying disorder

Analysis restricted to patients with affective disorders

No. Cases (%)*

No. Controls (%)*

Antipsychotic drug group (n=334)" (n=1,336)" OR crude 95% CI OR adj.’ 95% CI
No use of antipsychotics 128 (38.3) 542 (40.6) 1 reference 1 reference
Quetiapine
Current use (last presc. < 90 days ago) 6 (1.8) 15 (1.1) 1.74 0.66-4.56 1.17 0.40-3.45
Past use (last presc. >90 days ago) 9(2.7) 18 (1.4) 2.15 0.95-4.91 1.36 0.52-3.54
Risperidone
Current use (last presc. < 90 days ago) 5(1.5) 18 (1.4) 1.18 0.43-3.24 0.63 0.20-1.97
Past use (last presc. >90 days ago) 11 (3.3) 31(2.3) 1.53 0.74-3.14 1.04 0.45-2.42
Prochlorperazine
Current use (last presc. < 90 days ago) 28 (8.4) 52 (3.9) 2.26 1.35-3.79 1.95 1.11-3.41
Past use (last presc. >90 days ago) 107 (32.0) 520 (38.9) 0.87 0.64-1.18 0.79 0.57-1.10
Analysis restricted to patients with dementia
No. Cases (%)" No. Controls (%)*
Antipsychotic drug group b b OR crude 95% CI OR adj.’ 95% CI
(n=202) m=773)
No use of antipsychotics 46 (22.8) 290 (37.5) 1 reference 1 reference
Olanzapine
Current use (last presc. < 90 days ago) 5(2.5) 16 (2.1) 1.92 0.67-5.47 1.77 0.56-5.62
Past use (last presc. >90 days ago) 9 (4.5) 24 (3.1) 2.48 1.07-5.72 1.70 0.60-4.83
Quetiapine
Current use (last presc. < 90 days ago) 31(15.4) 85 (11.0) 2.41 1.43-4.05 2.52 1.40-4.55
Past use (last presc. >90 days ago) 16 (7.9) 47 (6.1) 2.39 1.23-4.63 2.75 1.29-5.85
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Table 25 (cont.)

No. Cases (%)* No. Controls (%)*
Antipsychotic drug group b b OR crude 95% CI OR adj. 95% CI
(n=202) (n=773)
Risperidone
Current use (last presc. < 90 days ago) 11 (5.5) 61(7.9) 1.13 0.55-2.31 1.11 0.52-2.40
Past use (last presc. >90 days ago) 23 (11.4) 65 (8.4) 2.21 1.24-3.91 2.05 1.02-4.10
Promazine
Current use (last presc. < 90 days ago) 9 (4.5) 16 (2.1) 4.04 1.66-9.81 2.58 0.91-7.26
Past use (last presc. >90 days ago) 13 (6.4) 25@3.2) 3.58 1.69-7.58 3.99 1.64-9.71
Haloperidol
Current use (last presc. < 90 days ago) 10 (5.0) 23 (3.0) 2.96 1.30-6.71 2.83 1.14-7.00
Past use (last presc. >90 days ago) 26 (12.9) 44 (5.7) 3.80 2.15-6.73 3.82 1.91-7.65

Abbreviations: OR, odds ratio; CI, confidence interval; adj., adjusted; presc., prescription.

* Due to rounding, percentages may not total 100.

® Cases and controls could be users of more than one antipsychotic drug group and thus be listed more than once in the table.

¢ Adjusted for all other antipsychotics, alcohol status, antidepressants, anticonvulsants, benzodiazepines, opioids, compulsive disorders, Parkinson’s disease, suicidal

ideation/attempts, and stroke and/or transient ischemic attack.
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Table 26: Odds ratios for seizures in users of different antipsychotic drug groups, by current or past use, and by history of stroke or TIA prior to the index date

Analysis restricted to patients without stroke/TIA prior

No. Cases (%)* No. Controls (%)*
Antipsychotic drug group b b OR crude 95% CI OR adj. 95% CI
(n=465) (n=2,056)
No use of antipsychotic drugs 156 (27.3) 783 (35.2) 1 reference 1 reference
Olanzapine or quetiapine
Current use (last presc. < 90 days ago) 43 (7.5) 150 (6.7) 1.67 1.11-2.49 1.30 0.83-2.01
Past use (last presc. >90 days ago) 31(5.4) 113 (5.1) 1.56 0.99-2.46 1.32 0.79-2.20
Amisulpride, aripiprazole, risperidone,
or sulpiride
Current use (last presc. < 90 days ago) 21 (3.7) 145 (6.5) 0.75 0.45-1.25 0.55 0.32-0.95
Past use (last presc. >90 days ago) 40 (7.0) 128 (5.8) 1.76 1.15-2.68 1.42 0.88-2.29
Low to medium potency
antipsychotics®
Current use (last presc. < 90 days ago) 18 (3.2) 47 (2.1) 1.99 1.10-3.60 1.69 0.91-3.14
Past use (last presc. >90 days ago) 50 (8.8) 179 (8.0) 1.52 1.05-2.19 1.25 0.83-1.88
Medium to high potency
antipsychotics®
Current use (last presc. < 90 days ago) 43 (7.5) 94 (4.2) 2.43 1.60-3.69 2.22 1.44-3.41
Past use (last presc. >90 days ago) 144 (25.2) 681 (30.6) 1.09 0.84-1.42 1.05 0.79-1.39
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Table 26 (cont.)
Analysis restricted to patients with stroke/TIA prior
No. Cases (%)" No. Controls (%)*
Antipsychotic drug group b b OR crude 95% CI OR adj.* 95% CI
(n=106) (n=170)
No use of antipsychotic drugs 24 (4.2) 58 (2.6) 1 reference 1 reference
Olanzapine or quetiapine
Current use (last presc. < 90 days ago) 11 (1.9) 19 (0.9) 1.48 0.61-3.57 1.24 0.50-3.08
Past use (last presc. >90 days ago) 8(1.4) 10 (0.5) 1.81 0.63-5.21 1.74 0.58-5.25
Amisulpride, aripiprazole, risperidone,
or sulpiride
Current use (last presc. < 90 days ago) 6(1.1) 11 (0.5) 1.35 0.43-4.25 1.18 0.36-3.88
Past use (last presc. >90 days ago) 8(1.4) 21 (0.9) 0.94 0.36-2.43 0.77 0.28-2.09
Low to medium potency
antipsychotics®
Current use (last presc. < 90 days ago) X 5(0.2) NA NA NA NA
Past use (last presc. >90 days ago) 16 (2.8) 17 (0.8) 2.45 1.06-5.66 2.30 0.96-5.53
Medium to high potency
antipsychotics®
Current use (last presc. < 90 days ago) 13 (2.3) 9(0.4) 3.46 1.27-9.45 3.38 1.21-9.44
Past use (last presc. >90 days ago) 34 (6.0) 48 (2.2) 1.58 0.81-3.11 1.55 0.77-3.14

Abbreviations: OR, odds ratio; CI, confidence interval; adj., adjusted; presc., prescription; X, Cell contains <5 patients (due to ethics regulations to preserve confidentiality, we are
not allowed to display cells with a count of <5 patients).

*Due to rounding, percentages may not total 100.

® Cases and controls could be users of more than one antipsychotic drug group and thus be listed more than once in the table.

°Adjusted for all other groups of antipsychotics, alcohol status, antidepressants, anticonvulsants, benzodiazepines, opioids, compulsive disorders, Parkinson’s disease, suicidal
ideation/attempts, and stroke and/or transient ischemic attack.

4 This group consisted of chlorpromazine, zuclopenthixol, flupentixol, pericyacine, promazine, and thioridazine.

¢ This group consisted haloperidol, prochlorperazine, and trifluoperazine.
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Table 27: Odds ratios for seizures in users of different antipsychotic drug groups, by current or past use and age, and by current use and number of prescriptions prior to the index date, and by

underlying disorder; reference group non-users of the respective drug group

Analysis restricted to patients with affective disorders

No. Cases (%)* No. Controls (%)*
Antipsychotic drug group b b OR crude 95% CI OR adj.* 95% CI
(n=334) (n=1,336)
Olanzapine or quetiapine
No use 312 (93.4) 1,259 (94.2) 1 reference 1 reference
Current use (last presc. < 90 days ago) 10 (3.0) 38 (2.8) 1.07 0.52-2.18 0.66 0.31-1.43
Past use (last presc. >90 days ago) 12 (3.6) 39 (2.9) 1.25 0.64-2.45 0.92 0.43-1.93
Amisulpride, aripiprazole, risperidone, or
sulpiride
No use 317 (94.9) 1,272 (95.2) 1 reference 1 reference
Current use (last presc. < 90 days ago) 5(1.5) 27 (2.0) 0.73 0.28-1.94 0.49 0.18-1.37
Past use (last presc. >90 days ago) 12 (3.6) 37 (2.8) 1.31 0.67-2.54 1.24 0.61-2.54
Low to medium potency antipsychotics®
No use 296 (88.6) 1,201 (89.9) 1 reference 1 reference
Current use (last presc. < 90 days ago) 6 (1.8) 21 (1.6) 1.17 0.47-2.92 1.17 0.44-3.09
Past use (last presc. >90 days ago) 32 (9.6) 114 (8.5) 1.14 0.75-1.73 0.95 0.61-1.50
Medium to high potency antipsychotics®
No use 178 (53.3) 734 (54.9) 1 reference 1 reference
Current use (last presc. < 90 days ago) 36 (10.8) 56 (4.2) 2.71 1.70-4.30 2.60 1.58-4.28
Past use (last presc. >90 days ago) 120 (35.9) 546 (40.9) 0.91 0.70-1.20 0.89 0.66-1.21
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Table 27 (cont.)

Analysis restricted to patients with dementia

Antipsychotic drug group No- Cas: s )" No- Conht rols (%)° OR crude 95% CI OR adj.c 95% CI
(n=202) m=773)

Olanzapine or quetiapine

No use 144 (71.3) 615 (79.6) 1 reference 1 reference

Current use (last presc. < 90 days ago) 36 (17.8) 101 (13.1) 1.57 1.03-2.39 1.61 1.02-2.52

Past use (last presc. >90 days ago) 22 (10.9) 57 (7.4) 1.74 1.02-2.96 1.68 0.96-2.97

Amisulpride, aripiprazole, risperidone, or

sulpiride

No use 154 (76.2) 581 (75.2) 1 reference 1 reference

Current use (last presc. < 90 days ago) 18 (8.9) 106 (13.7) 0.63 0.37-1.06 0.63 0.36-1.12

Past use (last presc. >90 days ago) 30 (14.9) 86 (11.1) 1.35 0.85-2.14 1.20 0.73-1.96

Low to medium potency antipsychotics®

No use 157 (77.7) 675 (87.3) 1 reference 1 reference

Current use (last presc. < 90 days ago) 14 (6.9) 27 (3.5) 2.55 1.26-5.16 2.15 0.99-4.66

Past use (last presc. >90 days ago) 31(15.4) 71 (9.2) 2.01 1.25-3.21 1.86 1.12-3.08

Medium to high potency antipsychotics®

No use 138 (68.3) 582 (75.3) 1 reference 1 reference

Current use (last presc. < 90 days ago) 14 (6.9) 37 (4.8) 1.68 0.88-3.21 1.57 0.78-3.16

Past use (last presc. >90 days ago) 50 (24.8) 154 (19.9) 1.40 0.95-2.04 1.41 0.93-2.13

Abbreviations: OR, odds ratio; CI, confidence interval; adj., adjusted; presc., prescription.

*Due to rounding, percentages may not total 100.

®Cases and controls could be users of more than one antipsychotic drug group and thus be listed more than once in the table.

¢ Adjusted for all other antipsychotics, alcohol status, antidepressants, anticonvulsants, benzodiazepines, opioids, compulsive disorders, Parkinson’s disease, suicidal ideation/attempts, and
stroke and/or transient ischemic attack.

4 This group consisted of chlorpromazine, zuclopenthixol, flupentixol pericyacine, promazine, and thioridazine.

° This group consisted of haloperidol, prochlorperazine, and trifluoperazine.
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3.3.5 Discussion

In this observational study using data from a U.K. based primary care database, we observed
that current mono users of antipsychotics had two- to threefold higher risks of seizures
compared to non-users of antipsychotics. Current users of medium to high potency first-
generation antipsychotics had significantly higher risks of seizures than current users of the
second-generation antipsychotics amisulpride, aripiprazole, risperidone, or sulpiride.
Irrespective of antipsychotic drug use, patients with dementia experienced seizures more
frequently than patients with affective disorders. The number of patients with schizophrenia

was too limited to estimate separate incidence rates for these patients.

After adjusting for potential confounding and stratifying by underlying affective disorders or
dementia, we observed that current use of medium to high potency first-generation
antipsychotics was associated with a more than twofold increased risk of seizures compared to
non-use of antipsychotics in patients with affective disorders. In these patients, current use of
all other antipsychotics was not associated with seizures. In patients with dementia, current
use of all first-generation antipsychotics and the second generation antipsychotics olanzapine
and quetiapine, was associated with an increased risk of seizures compared to non-use of
antipsychotics. This effect was also seen in past users of antipsychotics in those with
dementia, suggesting that the association may be due to dementia progression or severity,
leading to antipsychotic drug use, rather than a causal effect of antipsychotics. Notably,
current use of amisulpride, aripiprazole, risperidone, or sulpiride, was not associated with the

occurrence of seizures in patients with dementia.

Our results do not corroborate existing evidence for a higher seizure risk in association with
strongly sedating low-potency first-generation drugs (especially aliphatic phenothiazines)

compared with less sedating high-potency first-generation drugs.>>>"?!123132

However, this
evidence is based mainly on one observational study conducted between 1960 and 1965,
which reported a higher seizure incidence among phenothiazine (especially chlorpromazine)
users compared to non-users.”’ As the group of non-users in that study comprised patients
who used other first-generation antipsychotics as well as those who did not use any
antipsychotics, a comparison of seizure risk associated with different first-generation
antipsychotics was not possible.”’ Additionally, in contrast to our study, patients with major

direct risk factors for seizures were not excluded from this study.”’ We observed slightly

higher incidence rates of seizures in users of medium to high potency first-generation
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antipsychotics (mainly haloperidol and prochlorperazine) than in users of low to medium
potency first-generation antipsychotics (mainly flupenthixol, chlorpromazine, and
promazine), although differences did not reach statistical significance. After adjusting for
potential confounding, current use of medium to high potency, but not low to medium potency
first-generation antipsychotics, was associated with an increased risk of seizures compared to

non-use of antipsychotics in patients with affective disorders.

In contrast to the available literature that describes a higher risk of seizures associated with
clozapine, olanzapine, and quetiapine (three structurally related antipsychotics) compared to

. . . 2-94
other second-generation antipsychotics,”*

our rates of seizures were not significantly
different between users of olanzapine or quetiapine and users of other second-generation
antipsychotics. However, we could not investigate the risk of seizures associated with
clozapine use, the second-generation antipsychotic reported to be most strongly associated
with seizures,”'**'** because treatment with clozapine in the UK. takes place almost
exclusively in secondary care and there was little use captured in the CPRD. Yet, among
patients with dementia, we did observe an increased risk of seizure with current use of

olanzapine or quetiapine compared to non-use. This effect was not present for current use of

other second-generation antipsychotics.

To our knowledge, no other study to date has investigated the risk of first-time seizures
associated with use of antipsychotics in such a large population of patients over such a long
observation period. The available studies on the risk of seizures in association with
antipsychotics had no control group and were prone to bias and confounding,”**** or had
only a very small control group.”> Moreover, these studies did not assess the risk of seizures in

association with antipsychotics separately for each underlying disorder.

In this study, we observed that patients with dementia were at a significantly increased risk of
seizures compared to patients with affective disorders, irrespective of whether they used
antipsychotics or not. This finding is consistent with the results of another observational study
from our group based on data from the CPRD that reported that dementia is a major risk
factor for developing seizures.®® Notably, current use of drugs of the subclass amisulpride,
aripiprazole, risperidone, and sulpiride (especially the single drug risperidone), was not
associated with the development of seizures in patients with dementia. Thus, with regard to
seizure risk, our results support that risperidone has so far been the only antipsychotic in the

U K. licensed for short-term use in patients with dementia.'*?
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In this study, we aimed to minimize confounding by excluding patients with major risk factors
for seizures. Additionally, we controlled for further confounding by matching controls to
cases on age, gender, calendar time, and underlying disorder which presumably led to the
prescription of antipsychotics. Lastly, we adjusted our analyses for additional potential
confounders such as alcohol consumption, relevant comorbidities or concomitantly used
drugs. However, there may still be some residual confounding by unmeasured risk factors for
seizures such as disease severity. Non-users of antipsychotics could potentially have been at a
less severe disease stage than current users of antipsychotics. However, the sensitivity
analysis in which we redefined the reference group as non-users of the respective drug

subclass did not yield considerably different results than the main analysis.

We were not able to investigate a potential relationship between antipsychotic dose and the
development of seizures, although the risk of seizures in association with antipsychotic drugs

has been reported to be dose dependent.”’'**!**

However, antipsychotics were prescribed
almost exclusively in doses equal to or lower than the defined daily dose, irrespective of the
drug subclass. Therefore, the increased risk of seizures associated with current use of medium
to high potency antipsychotics in patients with affective disorders could not be due to higher
doses prescribed in this subclass compared to other subclasses. Due to limited numbers of
current users of antipsychotics, we could not assess whether seizure risk was dependent on
exposure duration. Additionally, some antipsychotic drugs, especially prochlorperazine, could
have been prescribed for nausea rather than psychosis. However, excluding prochlorperazine

users from the group of medium to high potency antipsychotic users led to an even higher risk

estimate of seizures than the main analysis.

There may have been some outcome misclassification in this study, either if the seizure was
missed by the GP or by the patient, or if a patient had a medical condition other than a seizure
that was misreported as a seizure. However, potential misclassification of seizures was most
likely not related to the antipsychotic drug used. Also, our algorithm to define a first-time
seizure was developed by reviewing a random sample of 120 patient profiles, in which we
assessed the likelihood of a seizure taking into account codes of antiepileptic drug
prescriptions or codes of suspected seizures preceding the actual seizure code. Thus any
misclassification was unlikely to materially affect our results. In addition, the validity of
affective disorders diagnoses has not formally been investigated in the CPRD, but the
database has proven to be of high validity with regard to many acute or chronic diseases in

numerous previous studies.>**’
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Conclusion

In conclusion, we observed that the risk of seizures associated with use of antipsychotics
strongly differed according to the underlying disorder of the patient: It was considerably
higher in patients with dementia than in patients with affective disorders, irrespective of
antipsychotic drug use. In patients with affective disorders, current use of medium to high
potency first-generation antipsychotics was associated with a more than twofold increased
risk of seizures compared to non-use of antipsychotics, while current use of other
antipsychotics was not associated with seizures. In patients with dementia, current use of
amisulpride, aripiprazole, risperidone, and sulpiride, was not associated with an altered risk of
seizures, while current use of all other antipsychotics was associated with an increased risk of

seizures, compared to non-use of antipsychotics.
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Discussion

4. Discussion

It has long been suspected that patients suffering from neuropsychiatric disorders exhibit an
increased risk of developing new-onset seizures. However, to this date, little real-world
evidence on specific risk factors provoking new-onset seizures in patients with
neuropsychiatric disorders exists. The primary aim of this thesis was set to identify and
analyze such risk factors for new-onset seizures in patients with affective disorders,

schizophrenia, or dementia, thereby focusing on antidepressant and antipsychotic drug use.

The first project suggested that patients with depression exhibit similar risk factors for new-

27,51,54,67,86,103-105 . .
””” Patients with

onset seizures as those reported from the general population.
depression who abused drugs, had alcoholism, a history of cerebrovascular disease or recent
head trauma, comorbid dementia, and psychiatric comorbidities such as schizophrenia or
bipolar disorder, were at an increased risk of seizures compared to patients with depression
without these features. Patients who currently used cephalosporin antibiotics or

antiarrhythmics were at an increased risk of seizures than non-users of these drug classes.

The subsequent project was able to demonstrate that new-onset seizures among adult patients
with depression were rare. We found that for patients treated with certain antidepressants (i.e.,
SSRIs, SNRIs, or mirtazapine, bupropion, reboxetine and trazodone), the incidence rate of
seizures was higher than for non-users of antidepressants. However, absolute risk differences

between exposed and non-exposed study groups were small.

Different types of antidepressants exhibited different relative risk estimates of seizures
compared to non-use. Use of SSRIs and SNRIs was found to be associated with a twofold
increased risk of seizures compared to non-use, while use of TCAs at low doses (as prescribed
in this primary care setting) was not associated with seizures. It is important to note that these
results do not challenge the evidence on the epileptogenic potential of TCAs in high
doses.””® ™ Nevertheless, the results obtained support the current evidence that

. . . . . 2 1
antidepressant-induced seizures are dose-dependent rather than just class-specific.?*>>!%°
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The final project could demonstrate that the association between antipsychotic drugs and new-

onset seizures is strongly modified by the underlying neuropsychiatric indication.

First of all, patients with dementia were at a considerably higher risk of seizures than those
with affective disorders, irrespective of the use of antipsychotics. Secondly, we found that use
of haloperidol, prochlorperazine, or trifluoperazine, was associated with a more than twofold
increased risk of seizures compared to non-use of antipsychotics in patients with affective
disorders. Finally we could show that in patients with dementia, use of all antipsychotic
subclasses, except amisulpride, aripiprazole, risperidone or sulpiride, was associated with an
increased risk of seizures. However, antipsychotic drug use could not be studied separately
among patients with schizophrenia. Additionally, we were not able to further explore any
potential dose-effect relationship of antipsychotics and seizures because in the care setting

analyzed, antipsychotics were used at low doses only.

The subsequent paragraphs will discuss the following two factors that I found to have a major
impact on the results: i) the data source and ii) the observational approach used to address the

research questions.

4.1 Strengths and limitations of the data source

4.1.1 Sample size limitations

All studies carried out were based on primary care observational data provided by the U.K.
CPRD, one of the world’s largest and best validated medial record databases.’’~>'*® The
CPRD currently encompasses anonymized data of roughly 12 million patients (about 6% of
the U.K. population) and 64 million person-years of prospective follow-up.*>** Due to its size
and long history this database is suitable for studying rare outcomes and outcomes with long-
term latency periods.'*

The main topic of this thesis was the study of the occurrence of new-onset seizures, a rare
outcome with an incidence of 0.06% per year.*** All studies were carried out based on a
strongly restricted study population. Thus, despite the vast amount of data available in the
CPRD, our analyses were limited by low sample sizes of patients who fulfilled the inclusion

criteria.
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The primary aim of the initial study was to describe risk factors for new-onset seizures rather
than generate or test specific hypotheses. Including the entire population of adult patients with
depression, the sample size for this study was not as limited as the sample sizes of the follow-
up investigations. The negative impact of small sample sizes was found to be significant in

the second and third project, thus limiting the precision of the results.

In the second project, the cohort of patients with depression who met the inclusion criteria
comprised about 150,000 patients, however only 619 patients had a new-onset seizure during
follow-up. We were only able to formally assess effect modification by a history of
stroke/TTA, or prevalent dementia for SSRIs users. The low sample sizes in sub-analyses of
single antidepressant drugs and potential dose-effect relationships led to low precision of the

results.

In the final project the cohort of patients with neuropsychiatric disorders included about
60,000 patients, of whom as little as 583 patients experienced a new-onset seizure during

follow-up.

Initially we wanted to study the risk of seizures associated with antipsychotics separately for
patients with affective disorders, schizophrenia, or dementia. The limited number of cases
with schizophrenia however prevented the separate study of patients suffering from this

disorder.

Finally, most single antipsychotic drugs were too infrequently used in order for them to be
analyzed individually and additionally, potential effects associated with the duration of

treatment were not possible.

4.1.2 Validity of drug exposures and medical diagnoses

4.1.2.1 Validity of drug exposures

Validity and completeness of recorded drug prescriptions in the CPRD is reported to be high,

as GPs issue prescriptions directly with the computer.”’]37

However, several caveats need to be kept in mind when working with data of any medical
records database. Firstly, prescription data are only a proxy for drug exposure, as drugs

prescribed are not always used by the patients. Secondly, whether patients took their
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prescribed medication as prescribed is unknown. Thirdly, although regular prescriptions at
appropriate time intervals indicate adherence to drugs, accidental or intentional use of drugs

in overdose cannot be ruled out.

Medication adherence has been reported to be a problem in patients with neuropsychiatric
disorders."*®!** However, multiple interacting factors appear to be associated with adherence

139,140
’ Factors

to antidepressants and antipsychotics, reaching beyond drug tolerability.
reported to affect drug adherence include patient education, positive attitude to medication,
illness insight, collaborative management by GPs and psychiatrists and perceived risk of
adverse events,' "% 14!

In light of these earlier reports, non-differential non-adherence of patients prescribed different
neuropsychiatric drug classes in the second and third project cannot be ruled out. For
example, second-generation antidepressants have been found to be generally better tolerated
than TCAs."* It is thus possible that patients using second generation antidepressants exhibit
a higher drug adherence than patients with prescribed TCAs, and thus are at a higher risk of
adverse events such as seizures. However, no significant difference in prescription patterns of
patients using either type of antidepressant was found. Additionally, in the study population
analyzed, most antidepressants were prescribed on a medium to long-term basis, reducing
potential problems with medication adherence even further. Finally, a review of randomly
selected patient profiles revealed that for those patients who received several prescriptions,
prescriptions were regularly noted at the appropriate times, suggesting proper use of

medication.

The chance that the results of the final study were altered due to differences in medication
adherence between patients using different antipsychotic subclasses is small, as antipsychotic
drug type does not seem to affect drug adherence.'* Additionally, while it cannot be ruled out,
it is highly unlikely that patients suffering from dementia were adherent to every
antipsychotic drug subclass analyzed except amisulpride, aripiprazole, risperidone, or
sulpiride (the only drug subclass not associated with increased seizure risk in patients with
dementia), and that patients with affective disorders were only adherent to medium to high
potency antipsychotics (the only drug class associated with an increased seizure risk in

patients with affective disorders).
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Thus, it can be said that prescription data does not prove drug exposure. However, for any of
the projects carried out during this thesis, we assumed non-adherence to drugs to be randomly
distributed between different groups of drug users. Therefore, while randomly distributed
non- adherence may have introduced a small bias towards the null hypothesis (i.e., no
association between psychotropic drugs and seizures), the overall interpretation of the results

would remain unaffected.’

4.1.2.2 General validity of medical diagnoses

Especially for chronic diseases, the validity of medical diagnoses recorded in the CPRD is
regarded to be high.**** For example for diagnoses of schizophrenia or dementia, the positive
predictive value (i.e., the proportion of diagnoses recorded that are confirmed by the GP to be

correctly recorded) was estimated at 80%.%*4>!%

However, to this day, validity of diagnoses of depression, other affective disorders, and

seizures, has not been estimated.

For example, the positive predictive value of a depression diagnosis in primary care in general
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has reported to be only 42%. ™ Moreover, only 50% of patients suffering from depression are

identified in general practice and only about 15% of these patients receive proper

antidepressant treatment.'*’

While no formal validation study of depression has been carried
out so far with data of the CPRD, integration between primary and secondary care (a key

feature of this database), has been shown to improve diagnostic validity of depression.'*!

In our second study, we resorted to a narrow definition of depression in order to avoid
inclusion of non-depressed persons or depressed patients with various depression severities
(see 4.2.3). Patients with codes related to dysthymia or bipolar disorders were thus excluded
from our analysis. These measures increased homogeneity of the study population with
respect to the underlying disease and its degree of severity. However, since dysthymia or
bipolar disorder can exhibit similar features as unipolar depression,'*® and might not always
be correctly distinguished from unipolar depression, a proper separation of these different

disorders cannot be assured in this project.
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Alternatively, to increase statistical power, one could have included patients with dysthymia
and bipolar disorder, and perform sensitivity analyses to explore whether associations

between antidepressants and seizures changed with different definitions of depression.**

4.1.2.3 Validity of seizure diagnosis

Based on the definition of epilepsy by the International League Against Epilepsy, antiepileptic
treatment after a first seizure is justified only if the risk of seizure occurrence is >60% within
the next 10 years.”>*?

Throughout this thesis new-onset seizures were defined by first-ever recorded codes of
seizure or epilepsy in a patient’s profile, regardless of any subsequent antiepileptic treatment.
The approach that one seizure code was sufficient for a patient to be classified as having

experienced a seizure could have produced false positive cases.

However, in our studies we wanted to investigate the occurrence of first ever seizures in
association with drugs. Thus, although the requirement of a formal epilepsy diagnosis (i.e., at
least two seizures occurring more than 24 hours apart, or at least one seizure followed by
antiepileptic drug therapy”’) could have increased the positive predictive value of seizure

diagnoses, we would have missed persons with only one acute symptomatic seizure.

It is well known that not all seizure types are equally well identified by patients and observers
(see 1.2.6). Thus, although individuals who presented to secondary care or the emergency
department after a seizure should be linked back to the CPRD, we expect not all seizures were
captured in the patient records. Additionally, it is likely that not all seizures classified as

newly onset were in fact first-ever seizures.

However, we found the validity of seizure diagnosis in our studies supported by the finding
that the incidence rate of seizure among patients with depression in remission was comparable
with the reported incidence rate of unprovoked seizures in the general population.***

Finally, any potential misclassification of seizures was likely to be distributed randomly
across users of antidepressants or antipsychotics under investigation, introducing a bias
towards the null hypothesis (i.e., no difference in seizure risk associated with different

drugs).’
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4.2 Strengths and limitations of the observational approach

4.2.1 Chance

All studies carried out during this thesis are based on a CPRD dataset comprising 6% of the
U K. population (i.e., >10 million individuals).”* Due to its large size statistically significant
associations can be observed frequently.>*®

The likelihood of false positive associations (i.e., type I error) increases however when
multiple sub-analyses are performed on the same dataset.'*”'** Adjustments can be performed
for multiple comparisons to reduce the type I error in statistical analyses. However,
conventional methods appear to be a poor choice since they only decrease the a-level and

thereby the power of the study.'**'*’

Thus, rather than merely manipulating the cut-off that
decides whether a finding is statistically significant or not it is considered better practice to
disclose which analyses were carried out and discuss the reasoning underlying this

choice.'#15°

In line with these arguments all analyses carried out throughout this thesis were of type
hypothesis generating rather than testing. All sub-analyses (e.g., stratified analyses by age,
sex, comorbidities) were disclosed and limitations associated with the analysis of small

subgroups discussed. Finally, no statistical adjustment for multiple comparisons was applied.

4.2.2 Bias

Collected CPRD patient data are representative of the U.K. population with regard to age,

sex, and geographical distribution.'*®

Selection bias due to non-representative sampling is limited as no segment of the U.K.
population is excluded from being enrolled with GPs contributing data to the CPRD. Also,
cases and controls analyzed in our studies originated from the same well-defined cohort and

thus were comparable in many important aspects associated with underlying seizure risk.

It is unlikely that upon usage of CPRD data information bias (e.g., measurement bias, recall
bias, or interviewer bias) would have negatively impacted on our results, as the records were
computerized prospectively in the context of daily clinical practice without any ulterior

motive of answering specific research questions.
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4.2.3 Confounding

Unlike bias we found confounding by indication to be a limiting factor in the interpretation of

our studies.

In our first study we provided a coarse description of factors associated with new-onset
seizures among patients suffering from depression. However, we did not adjust for
confounding factors other than age, gender, calendar time, duration of history on the database
and a proxy for depression severity. It is thus possible that associations between drug use and
seizures were confounded by underlying indication (e.g., use of antibiotics by underlying

infection/fever).

Similarly, in our second project, severity of depression might have been a predictor of seizure
risk as well as antidepressant prescription. Direct adjustment for diseases severity was not
possible as depression severity and quantity of depression symptoms are not recorded in the

CPRD.

A means to validate our findings would have been to investigate association between
antidepressants and seizures in patients with other underlying disorders (e.g., chronic pain
disorders, obsessive compulsive disorder, anxiety disorders). This would have allowed us to
ascertain that association patterns observed for different antidepressant classes remained
stable across the different indications studied. However, depression is often a comorbidity of
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patients with named disorders. ™ Thus it is unlikely that a sufficient number of individuals

with records of just one of these disorders would have been available for statistical analyses.

In our final study we assessed seizure risk associated with antipsychotics separately among
patients with affective disorders or dementia to account for different underlying seizure risks

correlated with these disorders.

Our findings indicate that in patients with dementia seizure risk was similarly increased for
patients currently using antipsychotics as for those who had used antipsychotics in the past

compared to patients diagnosed with dementia but not yet using antipsychotics.

It is thus possible that not actual use of antipsychotics but dementia severity leading to

antipsychotics prescription predicted seizure occurrence.
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4.2.4 Causality

Causality cannot be proven based solely on observational studies. There exists however a
series of criteria that allow assessing the likelihood of causality in studies investigating the
association between drug use and seizures.'>*® In Table 28 these criteria are discussed with

regard to the studies carried out in this thesis.
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12,56

Table 28: Discussion of the criteria used to assess the likelihood of causality with regard to the associations observed in projects 3.1-3.3 of the thesis

Project

Criterion

Project 3.1

Project 3.2

Project 3.3

Strength

Absolute risk differences: not available

Crude odds ratios:
Strongly increased for:
e intracerebral bleeding (OR 8.2)
e ischemic stroke/TIA (OR 6.1)
e  dementia (OR 6.8)
Moderately increased for:
e alcoholism (OR 3.0)
e  drugabuse (OR 2.5)
e  schizophrenia/bipolar disorder (ORs around
2.0)
e  current use of antiarrhythmics (OR 1.6)

e  current use of cephalosporins (OR 2.5)

Absolute risk differences: small

Adjusted odds ratios:

Moderately increased for:
e  current use of SSRIs/SNRIs (ORs 2.0)
e  current use of mirtazapine, bupropion,
reboxetine, or trazodone (OR 2.3)
Not increased for:

e current use of TCAs (OR 1.0)

Absolute risk differences: moderate

Adjusted odds ratios:

Moderately increased for:

e  current use of high potency first generation
antipsychotics in patients with affective
disorders (OR 2.5)

e  current use of all first-generation
antipsychotics (ORs 2.2 to 3.1) and
olanzapine or quetiapine (OR 2.4) in
patients with dementia

Not increased for:

e  current use of amisulpride, aripiprazole,
risperidone, or sulpiride in patients with
affective disorders (OR 0.4) or dementia

(OR 0.9)
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Table 28 (cont.)

Strengths and limitations of the observational approach

Criterion Project 3.1 Project 3.2 Project 3.3
Consistency Similar associations reported in studies among the e  Similar associations reported in an e  Very little post-marketing evidence exists on
general population 3'-3#36.6785.86.103-105 observational study among depressed seizure risk associated with antipsychotics,
patients aged 65 or over, using a different results are not comparable with ours.”"?>%*
database and study design.”® e  Meta-analysis of clinical trials reported
e  Different associations reported in a meta- supported some findings (increased risk of
analysis of clinical trials (decreased risk of seizures in users of second generation drugs
seizures associated with SSRIs or SNRIs olanzapine or quetiapine, but not risperidone,
compared to placebo).” compared to placebo).”®
e  Studies among patients with epilepsy mostly
reported a decrease in seizure frequency
associated with use of SSRIs or SNRIs. '*!
Temporality e  Reverse causality not an issue as data collection occurred prospectively and as seizures have a clearly determinable onset

e By study design it was ascertained that exposure happened prior to the seizure

Temporal relationship between certain comorbidities
and seizures was evident. Temporal relationship
between drugs and seizures not assessed (no study

aim).

Temporal relationship between antidepressant use and
seizures suggested that seizures happened at treatment

initiation.

Temporal relationship between antipsychotic use and
seizures could not be investigated because of low

statistical power.

Dose-effect

Not investigated in this study.

Tendency for increased seizure risk with increasing

Could not be investigated because drugs were

relationship doses of antidepressants, but low statistical power generally used at low doses.
yielded imprecise results.
Plausibility Most associations observed make sense, taking into Difficult to assess:

account the evidence from the literature on risk factors

for seizures in the general population.

e  Scarce evidence exists on the association between therapeutic dose ranges of psychotropic drugs as

used in general practice settings and new-onset seizures.

e  The epileptogenic potential of psychotropic drugs is likely dose-dependent,

3556 thys studies reporting a

high seizure risk associated with certain drug classes in overdoses are not comparable to our study.

e  The mechanisms by which drugs change excitability of neurons remain largely unknown

56,57,59,135

Abbreviations: OR, odds ratio; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin norepinephrine reuptake inhibitors; TCAs, tricyclic antidepressants; PY's, person-years.
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Many questions remain regarding a potential causal association between use of psychotropic

drugs and seizures (see Table 28 for details).

Well-conducted RCTs provide the strongest evidence for cause-effect relationships.®
However, data on adverse events collected in this type of analysis is often incomplete since

randomized control trials mostly study efficacy of drugs rather than adverse events.'>>

The sole available meta-analysis of clinical trials studying the association between
psychotropic drugs and seizures confirmed this limitation.” In this study data on occurrence
of seizures were not as rigorously recorded among patients assigned to placebo as patients

assigned to active drugs rendering the results of the study questionable.

In summary, despite its inherent limitations, observational studies can provide new insight
when studying adverse effects of drugs as demonstrated in the different studies carried out in
this thesis which assessed in-depth the occurrence and determinants of new-onset seizures in a

population of patients with neuropsychiatric disorders.

Studying this rare event as well as adjusting for important confounders was only possible
since we were able to make use of the existing large data set, detailed patient information, and

long follow-up data available from the CPRD.

However, additional large pharmacoepidemiologic studies conducted by different
investigators, using different data and study designs, assessing temporal and dose-response
relationships in more detail are warranted to corroborate our findings. Finally, in light of the
results obtained it would be interesting to understand in more detail the molecular mechanism

of how psychotropic drugs alter neuron excitability.
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5. Outlook

The work of this thesis provides important insight on the epidemiology of incident seizures in
patients with neuropsychiatric disorders. Based on the results obtained in the different studies

important follow-up questions arise.

A key criterion of cause-effect relationships is a decline in outcome frequency once exposure
stops.'? Results of the two follow-up studies of my thesis suggest an association between use
of different psychotropic drug classes and an increased risk of incident seizures. In light of
these findings it would be important to analyze the number of cases in projects 3.2 and 3.3
who experienced recurrent seizures and/or were diagnosed with epilepsy after the incident
seizure. Additionally, it would be important to investigate a potential association between

recurrent seizures and/or epilepsy diagnosis and the continuation of psychotropic drug use.

If incident seizures observed in projects 3.2 and 3.3 were causally associated with the use of
psychotropic drugs, one would expect to observe a lower seizure recurrence rate in patients
who stopped the drug after the first seizure compared to those who continued with it. As GPs
participating in the CPRD are encouraged to record each event causing significant morbidity
and each significant diagnosis,”® recurrent seizure leading to an epilepsy diagnosis or

antiepileptic drug prescription should be recorded in the database.

Further, it is unclear to which extend antidepressants and antipsychotics are safe with respect
to seizure exacerbation in patients with epilepsy and psychiatric disorders.'”*'>* Several small
prospective open-label trials reported no increase or even a decrease in seizure frequency
among patients with epilepsy and comorbid depression after treatment start with SSRIs

(mainly citalopram or sertraline) compared to prior treatment start, 135138

However, no large
cohort studies on this topic have been conducted so far. Furthermore, no significant evidence
on safety of antipsychotics with regard to seizure exacerbation in patients with epilepsy is

available.'>*

Thus it would be very important to assess the safety of an antidepressants and antipsychotics
in patients with epilepsy and comorbid neuropsychiatric disorders with regard to seizure
exacerbation. A potential challenge is that any cohort study investigating psychotropic drug
safety in association with seizure frequency in patients with epilepsy would require a large
number of patients with epilepsy and comorbid depression or indications requiring
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antipsychotics therapy (e.g., schizophrenia, bipolar disorder, or dementia). Moreover, seizure
frequency at baseline as well as each seizure frequency after drug initiation would have to be
recorded rigorously. GPs participating in the CPRD are not required to computerize each
recurrent event associated with a diagnosis, such as each recurrent seizure in a patient with

diagnosed epilepsy, which makes this database unsuitable for a study like this.

Additional drugs or drug classes acting on the CNS have been reported to have epileptogenic
potential, such as opioids and drugs used to treat ADHD.”>"® Both drug classes have not yet
been studied with regard to seizure risk in large population-based observational studies, but it

would be important to know how safe they are with regard to seizure risk.

Drugs used to treat ADHD have for example been associated with seizures when ingested in
overdose."”” Moreover, ADHD patients have been reported to exhibit a higher risk of
undergoing seizures compared to age-matched controls without ADHD.'®® To my knowledge
however, no evidence exists on a potential association between therapeutic use of
methylphenidate or atomoxetine and a further increased risk of seizures in patients with
ADHD.'*"'%* A study like this could potentially be conducted using CPRD data since this
database at this moment comprises information on almost 25,000 patients with diagnosed

ADHD, 3,600 atomoxetine users, and 22,300 methylphenidate users.

Unlike ADHD-related drugs, an association with seizures has been reported for therapeutic
use of different opioids, including meperidine (buprenorphine), morphine, fentanyl, and
tramadol.”>*® An observational study published 15 years ago used CPRD data to investigate
the association between use of tramadol, other opioids, or non-opioid analgesics, and incident

. g . . 1
idiopathic seizures.'”

While use of all analgesic drug classes was associated with an
increased risk of seizures compared to non-use, numbers of seizure cases analyzed were small
rendering relative risk estimates imprecise.'” Larger study groups as provided by the CPRD

today would facilitate to study the association between opioids and incident seizures.

Finally, the relationship between use of antiepileptic drugs and depression in patients with

epilepsy remains unclear. It has been reported that depressed patients develop seizures more

frequently compared to the general population.®®®’

However, patients with epilepsy also more
often develop depression than the general population.””°*®" This bidirectional relationship
suggests common neurobiological features of epilepsy and depression that reach beyond the

' _ : . . . 84,163-165
idea that depression merely represents a stress reaction associated with epilepsy.”
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In line of this argument a number of risk factors for developing depression in patients with
epilepsy have been suggested, including use of antiepileptic drugs with negative effects on
mood."*'”° However most data on risk of depression associated with antiepileptic drugs

82:166-168.170-172 i which mood disorders were not the primary

come from clinical trials,
outcome measured and might not have been reported systematically. CPRD based data are
well suited to study the relationship between antiepileptic drug use in patients with epilepsy

and new-onset depression. In a further project we will thus study this potential relationship.

121






Chapter 6

References






6.

10.

1.

12.

13.

References

Strom BL. What is Pharmacoepidemiology. In: Strom BL, Kimmel SE, Hennessy
S, eds. Pharmacoepidemiology. Fifth Ed. West Sussex, England: Wiley-Blackwell;
2012:3.

Porta M. 4 Dictionary of Epidemiology. Fifth Ed. (Porta M, Greenland S, Last JM,
eds.). Oxford University Press; 2008.

West-Strum D. Introduction to Pharmacoepidemiology. In: Yang Y, West-Strum
D, eds. Understanding Pharmacoepidemiology. First Ed. New York: Mc Graw Hill
Medical; 2011:1-13.

Gordon L. Epidemiology. Fourth Ed. Philadelphia: Saunders Elsevier; 2009.

Silverman WA. The Schizophrenic Career of a “Monster Drug.” Pediatrics.
2002;110(2):404-406.

Rivera SM, Goodman Gilman A. Drug Invention and the Pharmaceutical Industry.
In: Brunton LL, Chabner BA, Knollmann BC, eds. Goodman&Gilman’s The
Pharmacological Basis of Therapeutics. Twelfth Ed. New York: Mc Graw Hill
Medical; 2011:3-16.

Dal Pan G, Lindquist M, Gelperin K. Postmarketing Spontaneous
Pharmacovigilance Reporting Systems. In: Strom BL, Kimmel SE, Hennessy S,
eds. Pharmacoepidemiology. Fifth Ed. Wiley-Blackwell; 2012:137-154.

Rothman KJ. Epidemiology An Introduction. Second Ed. New York: Oxford
University Press; 2012.

Strom BL. Basic Principles of Clinical Epidemiology Relevant to
Pharmacoepidemiologic Studies. In: Strom BL, Kimmel SE, Hennessy S, eds.
Pharmacoepidemiology. Fifth Ed. West Sussex, England: Wiley-Blackwell;
2012:38-49.

Bentley John P. Biostatistics and Pharmacoepidemiology. In: Understanding
Pharmacoepidemiology. First ed. New York; 2011:79-102.

Razum O, Breckenkamp J, Brzoska P. Epidemiologie fiir Dummies. Second ed.
Wiley-VCH Verlag; 2011.

Hill AB. The environment and disease: association or causation? 1965. J R Soc
Med. 2015;108(1):32-7.

Harpe SE. Study Designs for Pharmacoepidemiology. In: Yang Y, West-Strum D,
eds. Understanding Pharmacoepidemiology. First Ed. New York: Mc Graw Hill
Medical; 2011:39-51.

125



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Black N. Why we need observational studies to evaluate the effectiveness of health
care. BMJ. 1996;312(7040):1215-8.

Grimes DA, Schulz KF. Descriptive studies: what they can and cannot do. Lancet.
2002;359(9301):145-9.

Bodmer M, Burkard T, Kummer O, Beyrau R, Krdahenbiihl S, Haschke M.
Pharmacokinetics and pharmacodynamics of quetiapine in a patient with a massive
overdose. Ther Drug Monit. 2008;30(4):553-6.

Balit CR, Isbister GK, Hackett LP, Whyte IM. Quetiapine poisoning: a case series.
Ann Emerg Med. 2003;42(6):751-8.

Lin K-H, Chen Y-J, Lin Y-T, et al. Serious generalized tonic-clonic seizures
induced by aripiprazole. Prog Neuropsychopharmacol Biol Psychiatry.
2010;34(1):231-2.

Tsai J-F. Aripiprazole-associated seizure. J Clin Psychiatry. 2006;67(6):995-6.

Woolley J, Smith S. Lowered seizure threshold on olanzapine. Br J Psychiatry.
2001;178(1):85-6.

Kamat MA, Edgar L, Niblock P, McDowell C, Kelly CB. Association between
antidepressant prescribing and suicide rates in OECD countries: an ecological
study. Pharmacopsychiatry. 2014;47(1):18-21.

Bromet E, Andrade LH, Hwang I, et al. Cross-national epidemiology of DSM-IV
major depressive episode. BMC Med. 2011;9:90.

Smith DJ, Nicholl BI, Cullen B, et al. Prevalence and characteristics of probable
major depression and bipolar disorder within UK biobank: cross-sectional study of
172,751 participants. PLoS One. 2013;8(11):€75362.

Grimes DA, Schulz KF. Cohort studies: marching towards outcomes. Lancet.
2002;359(9303):341-5.

Schulz KF, Grimes DA. Case-control studies: research in reverse. Lancet.
2002;359(9304):431-4.

Coupland C, Dhiman P, Morriss R, Arthur A, Barton G, Hippisley-Cox J.
Antidepressant use and risk of adverse outcomes in older people: population based
cohort study. BMJ. 2011;343:d4551.

Hesdorffer DC, Hauser WA, Olafsson E, Ludvigsson P, Kjartansson O. Depression
and suicide attempt as risk factors for incident unprovoked seizures. Ann Neurol.
2006;59(1):35-41.

Etminan M. Pharmacoepidemiology II: the nested case-control study--a novel
approach in pharmacoepidemiologic research. Pharmacotherapy.
2004;24(9):1105-9.

126



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Harpe SE. Using secondary data sources for pharmacoepidemiology and outcomes
research. Pharmacotherapy. 2009;29(2):138-53.

Hennessy S. Use of health care databases in pharmacoepidemiology. Basic Clin
Pharmacol Toxicol. 2006;98(3):311-3.

The Clinical Practice Research Datalink. Available at: http://www.cprd.com.
Accessed July 20, 2015.

Wood L, Martinez C. The general practice research database: role in
pharmacovigilance. Drug Saf. 2004;27(12):871-81.

Williams T, van Staa T, Puri S, Eaton S. Recent advances in the utility and use of
the General Practice Research Database as an example of a UK Primary Care Data
resource. Ther Adv drug Saf. 2012;3(2):89-99.

Herrett E, Thomas SL, Schoonen WM, Smeeth L, Hall AJ. Validation and validity
of diagnoses in the General Practice Research Database: a systematic review. Br J
Clin Pharmacol. 2010;69(1):4-14.

Khan NF, Harrison SE, Rose PW. Validity of diagnostic coding within the General
Practice Research Database: a systematic review. Br J Gen Pract.
2010;60(572):e128-36.

Westbrook GL. Seizures and Epilepsy. In: Kandel ER, Schwartz JH, Jessell TM,
Siegelbaum SA, Hudspeth AJ, eds. Principles of Neural Science. Fifth Ed. New
York: McGrawHill Medical; 2013:1116-1139.

Fisher RS, van Emde Boas W, Blume W, et al. Epileptic seizures and epilepsy:
definitions proposed by the International League Against Epilepsy (ILAE) and the
International Bureau for Epilepsy (IBE). Epilepsia. 2005;46(4):470-2.

Fisher RS, Acevedo C, Arzimanoglou A, et al. ILAE official report: a practical
clinical definition of epilepsy. Epilepsia. 2014;55(4):475-82.

McNamara J. Pharmacotherapy of the Epilepsies. In: Brunton L, Chabner B,
Knollmann B, eds. Goodman&Gilman’s The Pharmacological Basis of
Therapeutics. 12th Ed. New York: Mc Graw Hill Medical; 2011:583-607.

Jones W. The Sacred Disease. In: Hippocrates Volume II. Harvard University
Press; 1923:139-183.

Temkin O. The Falling Sickness. A History of Epilepsy from the Greeks to the
Beginnings of Modern Neurology. Second Ed. Baltimore and London: The Johns
Hopkins University Press; 1971.

World Health Organization WHO. World Health Organization. Media Centre. Fact

Sheet Epilepsy. 2015. Available at:
http://www.who.int/mediacentre/factsheets/fs999/en/. Accessed July 20, 2015.

127



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Shorvon S. Handbook of Epilepsy Treatment. Third Ed. West Sussex, England:
Wiley-Blackwell; 2010.

Olafsson E, Ludvigsson P, Gudmundsson G, Hesdorffer D, Kjartansson O, Hauser
WA. Incidence of unprovoked seizures and epilepsy in Iceland and assessment of
the epilepsy syndrome classification: a prospective study. Lancet Neurol.
2005;4(10):627-34.

Kotsopoulos IAW, van Merode T, Kessels FGH, de Krom MCTFM, Knottnerus
JA. Systematic review and meta-analysis of incidence studies of epilepsy and
unprovoked seizures. Epilepsia. 2002;43(11):1402-9.

Hauser WA, Annegers JF, Kurland LT. Incidence of epilepsy and unprovoked
seizures in Rochester, Minnesota: 1935-1984. Epilepsia. 34(3):453-68.

Banerjee PN, Filippi D, Allen Hauser W. The descriptive epidemiology of
epilepsy-a review. Epilepsy Res. 2009;85(1):31-45.

Nelson KB, Ellenberg JH. Predisposing and causative factors in childhood
epilepsy. Epilepsia. 1987;28 Suppl 1:S16-24.

Cowan LD. The epidemiology of the epilepsies in children. Ment Retard Dev
Disabil Res Rev.2002;8(3):171-81.

Rathlev NK, Ulrich AS, Delanty N, D’Onofrio G. Alcohol-related seizures. J
Emerg Med. 2006;31(2):157-163.

Samokhvalov A V, Irving H, Mohapatra S, Rehm J. Alcohol consumption,
unprovoked seizures, and epilepsy: a systematic review and meta-analysis.
Epilepsia. 2010;51(7):1177-84.

Delanty N, Vaughan CJ, French JA. Medical causes of seizures. Lancet (London,
England). 1998;352(9125):383-90.

Ng SK, Hauser WA, Brust JC, Susser M. Alcohol consumption and withdrawal in
new-onset seizures. N Engl J Med. 1988;319(11):666-73.

Brust JCM. Seizure, illicit drugs, and ethanol. In: Verster JC, Brady K, Galanter M,
Conrod P, eds. Drug Abuse and Addiction in Medical Illness. First Ed. New York:
Springer; 2012:343-349.

Block F, Dafotakis M. [Drug-induced seizures]. Fortschr Neurol Psychiatr.
2013;81(1):28-34.

Ruffmann C, Bogliun G, Beghi E. Epileptogenic drugs: a systematic review.
Expert Rev Neurother. 2006;6(4):575-89.

Pisani F, Oteri G, Costa C, Di Raimondo G, Di Perri R. Effects of psychotropic
drugs on seizure threshold. Drug Saf. 2002;25(2):91-110.

128



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Steinert T, Baier H, Froscher W, Jandl M. [Epileptic seizures during treatment with
antidepressants and neuroleptics]. Fortschr Neurol Psychiatr. 2011;79(3):138-43.

Judge BS, Rentmeester LL. Antidepressant overdose-induced seizures. Neurol
Clin. 2011;29(3):565-80.

Beleza P. Acute Symptomatic Seizures. Neurologist. 2012;18(3):109-119.

Seneviratne U. Management of the first seizure: an evidence based approach.
Postgrad Med J. 2009;85(1010):667-73.

Wilden JA, Cohen-Gadol AA. Evaluation of first nonfebrile seizures. Am Fam
Physician. 2012;86(4):334-40.

Ferlisi M, Shorvon S. Seizure precipitants (triggering factors) in patients with
epilepsy. Epilepsy Behav. 2014;33:101-5.

Lawn N, Lieblich S, Lee J, Dunne J. Are seizures in the setting of sleep deprivation
provoked? Epilepsy Behav. 2014;33:122-5.

Hesdorffer DC, Hauser WA, Annegers JF, Cascino G. Major depression is a risk
factor for seizures in older adults. Ann Neurol. 2000;47(2):246-9.

Hesdorffer DC, Ishihara L, Mynepalli L, Webb DJ, Weil J, Hauser WA. Epilepsy,
suicidality, and psychiatric disorders: a bidirectional association. Ann Neurol.
2012;72(2):184-91.

Adelow C, Andersson T, Ahlbom A, Tomson T. Hospitalization for psychiatric
disorders before and after onset of unprovoked seizures/epilepsy. Neurology.
2012;78(6):396-401.

Ludvigsson P, Hesdorffer D, Olafsson E, Kjartansson O, Hauser WA. Migraine
with aura is a risk factor for unprovoked seizures in children. Ann Neurol.
2006;59(1):210-3.

Hesdorffer DC, Ludvigsson P, Hauser WA, Olafsson E, Kjartansson O. Co-
occurrence of major depression or suicide attempt with migraine with aura and risk
for unprovoked seizure. Epilepsy Res. 2007;75(2-3):220-3.

Hesdorffer DC, Hauser WA, Annegers JF, Rocca WA. Severe, uncontrolled
hypertension and adult-onset seizures: a case-control study in Rochester,
Minnesota. Epilepsia. 1996;37(8):736-41.

Ng SK, Hauser WA, Brust JC, Susser M. Hypertension and the risk of new-onset
unprovoked seizures. Neurology. 1993;43(2):425-8.

Hesdorffer DC, Ludvigsson P, Olafsson E, Gudmundsson G, Kjartansson O,

Hauser WA. ADHD as a risk factor for incident unprovoked seizures and epilepsy
in children. Arch Gen Psychiatry. 2004;61(7):731-6.

129



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

Lund C, Nakken KO, Edland A, Celius EG. Multiple sclerosis and seizures:
incidence and prevalence over 40 years. Acta Neurol Scand. 2014;130(6):368-73.

Adelow C, Andersson T, Ahlbom A, Tomson T. Unprovoked seizures in multiple
sclerosis and systemic lupus erythematosus: a population-based case-control study.
Epilepsy Res. 2012;101(3):284-7.

Mutschler E, Schaible H, Vaupel P. Anatomie Physiologie Pathophysiologie des
Menschen. 6th Ed. (Mutschler E, Schaible H, Vaupel P, eds.). Stuttgart:
Wissenschaftliche Verlagsgesellschaft mbH Stuttgart; 2007.

Berg AT, Berkovic SF, Brodie MJ, et al. Revised terminology and concepts for
organization of seizures and epilepsies: report of the ILAE Commission on
Classification and Terminology, 2005-2009. Epilepsia. 2010;51(4):676-85.

Carter R. The Human Brain Book. Second Ed. (Carter R, Aldridge S, Page M,
Parker S, eds.). London; 2014.

Angus-Leppan H. First seizures in adults. BMJ. 2014;348:22470.

Benbadis S. The differential diagnosis of epilepsy: a critical review. Epilepsy
Behav. 2009;15(1):15-21.

Falip M, Gil-Nagel A, Viteri Torres C, Goémez-Alonso J. Diagnostic problems in
the initial assessment of epilepsy. Neurologist. 2007;13(6 Suppl 1):S2-S10.

Stephen LJ, Brodie MJ. Management of a first seizure. Special problems: adults
and elderly. Epilepsia. 2008;49 Suppl 1:45-9.

Schmidt D, Schachter SC. Drug treatment of epilepsy in adults. BM.J.
2014;348:g254.

Cascella NG, Schretlen DJ, Sawa A. Schizophrenia and epilepsy: is there a shared
susceptibility? Neurosci Res. 2009;63(4):227-35.

Kanner AM. Can neurobiological pathogenic mechanisms of depression facilitate
the development of seizure disorders? Lancet Neurol. 2012;11(12):1093-102.

Hyde TM, Weinberger DR. Seizures and schizophrenia. Schizophr Bull.
1997;23(4):611-22.

Imfeld P, Bodmer M, Schuerch M, Jick SS, Meier CR. Seizures in patients with
Alzheimer’s disease or vascular dementia: a population-based nested case-control
analysis. Epilepsia. 2013;54(4):700-7.

Stein DJ, Lerer B, Stahl SM. Essential Evidence-Based Psychopharmacology.
Second Ed. (Stein DJ, Lerer B, Stahl SM, eds.). Cambridge; 2012.

Judge BS, Rentmeester LL. Antidepressant overdose-induced seizures. Psychiatr
Clin North Am. 2013;36(2):245-60.

130



&9.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Reichert C, Reichert P, Monnet-Tschudi F, Kupferschmidt H, Ceschi A, Rauber-
Liithy C. Seizures after single-agent overdose with pharmaceutical drugs: Analysis
of cases reported to a poison center. Clin Toxicol (Phila). 2014;52(6):629-34.

White N, Litovitz T, Clancy C. Suicidal antidepressant overdoses: a comparative
analysis by antidepressant type. J Med Toxicol. 2008;4(4):238-50.

Logothetis J. Spontaneous epileptic seizures and electroencephalographic changes
in the course of phenothiazine therapy. Neurology. 1967;17(9):869-77.

Kumlien E, Lundberg PO. Seizure risk associated with neuroactive drugs: data
from the WHO adverse drug reactions database. Seizure. 2010;19(2):69-73.

Alper K, Schwartz KA, Kolts RL, Khan A. Seizure incidence in
psychopharmacological clinical trials: an analysis of Food and Drug
Administration (FDA) summary basis of approval reports. Biol Psychiatry.
2007;62(4):345-54.

Lertxundi U, Hernandez R, Medrano J, Domingo-Echaburu S, Garcia M, Aguirre
C. Antipsychotics and seizures: higher risk with atypicals? Seizure.
2013;22(2):141-3.

Sutter R, Riiegg S, Tschudin-Sutter S. Seizures as adverse events of antibiotic
drugs - a systematic review. Neurology. 2015;In press.

Morgan E, Patterson CC, Cardwell CR. General practice-recorded depression and
antidepressant use in young people with newly diagnosed Type 1 diabetes: a cohort
study using the Clinical Practice Research Datalink. Diabet Med. 2014;31(2):241-
5.

Thomas KH, Martin RM, Davies NM, Metcalfe C, Windmeijer F, Gunnell D.
Smoking cessation treatment and risk of depression, suicide, and self harm in the

Clinical Practice Research Datalink: prospective cohort study. BMJ.
2013;347:15704.

Martinez C, Rietbrock S, Wise L, et al. Antidepressant treatment and the risk of

fatal and non-fatal self harm in first episode depression: nested case-control study.
BMJ. 2005;330(7488):389.

Martinez C, Sullivan T, Hauser WA. Prevalence of acute repetitive seizures (ARS)
in the United Kingdom. Epilepsy Res. 2009;87(2-3):137-43.

Gasse C, Derby L, Vasilakis-Scaramozza C, Jick H. Incidence of first-time
idiopathic seizures in users of tramadol. Pharmacotherapy. 2000;20(6):629-34.

Dworetzky BA, Bromfield EB, Townsend MK, Kang JH. A prospective study of
smoking, caffeine, and alcohol as risk factors for seizures or epilepsy in young
adult women: data from the Nurses’ Health Study I1. Epilepsia. 2010;51(2):198-
205.

131



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Gao S, Juhaeri J, Dai WS. The incidence rate of seizures in relation to BMI in UK
adults. Obesity (Silver Spring). 2008;16(9):2126-32.

Burn J, Dennis M, Bamford J, Sandercock P, Wade D, Warlow C. Epileptic
seizures after a first stroke: the Oxfordshire Community Stroke Project. BMJ.
1997;315(7122):1582-7.

So EL, Annegers JF, Hauser WA, O’Brien PC, Whisnant JP. Population-based
study of seizure disorders after cerebral infarction. Neurology. 1996;46(2):350-5.

Camilo O, Goldstein LB. Seizures and epilepsy after ischemic stroke. Stroke.
2004;35(7):1769-75.

World Health Organization WHO. Disease Burden. Regional Estimates for 2000-
2011. 2013. Available at:

http://www.who.int/healthinfo/global burden disease/estimates_regional/en/index
1.html.

National Institute for Health and Care Excellence. Depression in adults. NICE
guidance. 2009. Available at:
http://guidance.nice.org.uk/CG90/NICEGuidance/pdf/English.

Bauer M, Pfennig A, Severus E, Whybrow PC, Angst J, Moller H-J. World
Federation of Societies of Biological Psychiatry (WFSBP) guidelines for biological
treatment of unipolar depressive disorders, part 1: update 2013 on the acute and

continuation treatment of unipolar depressive disorders. World J Biol Psychiatry.
2013;14(5):334-85.

Montgomery SA. Antidepressants and seizures: emphasis on newer agents and
clinical implications. /nt J Clin Pract. 2005;59(12):1435-40.

Koster M, Grohmann R, Engel RR, Nitsche MA, Riither E, Degner D. Seizures
during antidepressant treatment in psychiatric inpatients--results from the
transnational pharmacovigilance project “Arzneimittelsicherheit in der Psychiatrie’
(AMSP) 1993-2008. Psychopharmacology (Berl). 2013;230(2):191-201.

b

Gartlehner G, Thieda P, Hansen RA, et al. Comparative risk for harms of second-
generation antidepressants : a systematic review and meta-analysis. Drug Saf.
2008;31(10):851-65.

Reed C, Hong J, Novick D, Lenox-Smith A, Happich M. Health care costs before
and after diagnosis of depression in patients with unexplained pain: a retrospective
cohort study using the United Kingdom General Practice Research Database.
Clinicoecon QOutcomes Res. 2013;5:37-47.

Kurd SK, Troxel AB, Crits-Christoph P, Gelfand JM. The risk of depression,

anxiety, and suicidality in patients with psoriasis: a population-based cohort study.
Arch Dermatol. 2010;146(8):891-5.

132



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Meier CR, Wilcock K, Jick SS. The risk of severe depression, psychosis or panic
attacks with prophylactic antimalarials. Drug Saf. 2004;27(3):203-13.

Jick SS, Jick H, Knauss TA, Dean AD. Antidepressants and convulsions. J Clin
Psychopharmacol. 1992;12(4):241-5.

World Health Organization WHO. ATC/DDD Index 2014. 2014. Available at:
http://www.whocc.no/atc_ddd_index/.

Saragoussi D, Chollet J, Bineau S, Chalem Y, Milea D. Antidepressant switching
patterns in the treatment of major depressive disorder: a General Practice Research
Database (GPRD) Study. Int J Clin Pract. 2012;66(11):1079-87.

Furukawa T, McGuire H, Barbui C. Low dosage tricyclic antidepressants for
depression. Cochrane database Syst Rev. 2003;(3):CD003197.

Salzberg M. Neurobiological links between epilepsy and mood disorders. Neurol
Asia. 2011;16 (Supplement): 37-40.

Meyer JM. Pharmacotherapy of Psychosis and Mania. In: Brunton LL, Chabner
BA, Knollmann BC, eds. Goodman&Gilman’s The Pharmacological Basis of
Therapeutics. 12th ed. New York: McGrawHill Medical; 2011:417-451.

Itil TM, Soldatos C. Epileptogenic side effects of psychotropic drugs. Practical
recommendations. JAMA. 1980;244(13):1460-3.

Fitzsimons J, Berk M, Lambert T, Bourin M, Dodd S. A review of clozapine
safety. Expert Opin Drug Saf. 2005;4(4):731-44.

Hedges D, Jeppson K, Whitehead P. Antipsychotic medication and seizures: a
review. Drugs Today (Barc). 2003;39(7):551-7.

Williams AM, Park SH. Seizure associated with clozapine: incidence, etiology, and
management. CNS Drugs. 2015;29(2):101-11.

Jick H. A database worth saving. Lancet. 1997;350(9084):1045-6.

Lawson DH, Sherman V, Hollowell J. The General Practice Research Database.
Scientific and Ethical Advisory Group. QJM. 1998;91(6):445-52.

Ishiguro C, Wang X, Li L, Jick S. Antipsychotic drugs and risk of idiopathic
venous thromboembolism: a nested case-control study using the CPRD.
Pharmacoepidemiol Drug Saf. 2014;23(11):1168-75.

Brauer R, Smeeth L, Anaya-Izquierdo K, et al. Antipsychotic drugs and risks of
myocardial infarction: a self-controlled case series study. Eur Heart J. 2014.

Laredo L, Vargas E, Blasco AJ, Aguilar MD, Moreno A, Portolés A. Risk of
cerebrovascular accident associated with use of antipsychotics: population-based
case-control study. J Am Geriatr Soc. 2011;59(7):1182-7.

133



130. Nasrallah H, Tandon R. Classic Antipsychotic Medications. In: Schatzberg A,
Nemeroff C, eds. The American Psychiatric Publishing Textbook of
Psychopharmacology. 4th ed. Arlington; 2009:533-554.

131. Lee KC, Finley PR, Alldredge BK. Risk of seizures associated with psychotropic
medications: emphasis on new drugs and new findings. Expert Opin Drug Saf.
2003;2(3):233-47.

132. Koch-Stoecker S. Antipsychotic drugs and epilepsy: indications and treatment
guidelines. Epilepsia. 2002;43 Suppl 2:19-24.

133. National Institute for Health and Care Excellence. Low-dose antipsychotics in
people with dementia. 2015. Available at:
http://www.nice.org.uk/advice/ktt7/resources/non-guidance-lowdose-
antipsychotics-in-people-with-dementia-pdf.

134. Devinsky O, Honigfeld G, Patin J. Clozapine-related seizures. Neurology.
1991;41(3):369-71.

135. Jobe PC, Browning RA. The serotonergic and noradrenergic effects of
antidepressant drugs are anticonvulsant, not proconvulsant. Epilepsy Behav.
2005;7(4):602-19.

136. Garcia Rodriguez LA, Pérez Gutthann S. Use of the UK General Practice Research
Database for pharmacoepidemiology. Br J Clin Pharmacol. 1998;45(5):419-25.

137. Jick SS, Kaye JA, Vasilakis-Scaramozza C, et al. Validity of the general practice
research database. Pharmacotherapy. 2003;23(5):686-9.

138. DiMatteo MR, Lepper HS, Croghan TW. Depression is a risk factor for
noncompliance with medical treatment: meta-analysis of the effects of anxiety and
depression on patient adherence. Arch Intern Med. 2000;160(14):2101-7.

139. Sendt K-V, Tracy DK, Bhattacharyya S. A systematic review of factors influencing
adherence to antipsychotic medication in schizophrenia-spectrum disorders.
Psychiatry Res. 2015;225(1-2):14-30.

140. Hung C-I. Factors predicting adherence to antidepressant treatment. Curr Opin
Psychiatry. 2014;27(5):344-9.

141. Gilbody S, Whitty P, Grimshaw J, Thomas R. Educational and organizational
interventions to improve the management of depression in primary care: a
systematic review. JAMA. 2003;289(23):3145-51.

142.  Dupuy JM, Ostacher MJ, Huffman J, Perlis RH, Nierenberg AA. Evidence-based
pharmacotherapy of major depressive disorder. In: Stein DJ, Lerer B, Stahl SM,

eds. Essential Evidence-Based Psychopharmacology. Second Ed. Cambridge;
2012:53-72.

134



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Dunn N, Mullee M, Perry VH, Holmes C. Association between dementia and
infectious disease: evidence from a case-control study. Alzheimer Dis Assoc
Disord. 19(2):91-4.

Nazareth I, King M, Haines A, Rangel L, Myers S. Accuracy of diagnosis of
psychosis on general practice computer system. BMJ. 1993;307(6895):32-4.

Mitchell AJ, Vaze A, Rao S. Clinical diagnosis of depression in primary care: a
meta-analysis. Lancet (London, England). 2009;374(9690):609-19.

Stahl SM. Depression and Bipolar Disorder. Third Ed. (Stahl SM, Grady MM,
eds.). Cambridge: Cambridge University Press; 2008.

Ludbrook J. Multiple comparison procedures updated. Clin Exp Pharmacol
Physiol. 1998;25(12):1032-7.

Glantz SA. Primer of Biostatistics. Fifth Ed. New York: McGraw-Hill; 2002.

Perneger T V. What’s wrong with Bonferroni adjustments. BMJ.
1998;316(7139):1236-8.

Rothman KJ. No adjustments are needed for multiple comparisons. Epidemiology.
1990;1(1):43-6.

Cardamone L, Salzberg MR, O’Brien TJ, Jones NC. Antidepressant therapy in
epilepsy: can treating the comorbidities affect the underlying disorder? Br J
Pharmacol. 2013;168(7):1531-54.

Vandenbroucke JP. Observational research, randomised trials, and two views of
medical science. PLoS Med. 2008;5(3):e67.

Maguire MJ, Weston J, Singh J, Marson AG. Antidepressants for people with
epilepsy and depression. Cochrane database Syst Rev. 2014;12:CD010682.

Farooq S, Sherin A. Interventions for psychotic symptoms concomitant with
epilepsy. Cochrane database Syst Rev. 2008;(4):CD006118.

Specchio LM, Tudice A, Specchio N, et al. Citalopram as treatment of depression
in patients with epilepsy. Clin Neuropharmacol. 27(3):133-6.

Kanner AM, Kozak AM, Frey M. The Use of Sertraline in Patients with Epilepsy:
Is It Safe? Epilepsy Behav. 2000;1(2):100-105.

Thomeé-Souza MS, Kuczynski E, Valente KD. Sertraline and fluoxetine: safe
treatments for children and adolescents with epilepsy and depression. Epilepsy

Behav. 2007;10(3):417-25.

Hovorka J, Herman E, Nemcova I. Treatment of Interictal Depression with
Citalopram in Patients with Epilepsy. Epilepsy Behav. 2000;1(6):444-447.

135



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

Spiller HA, Hays HL, Aleguas A. Overdose of drugs for attention-deficit
hyperactivity disorder: clinical presentation, mechanisms of toxicity, and
management. CNS Drugs. 2013;27(7):531-43.

Schneider BN, Enenbach M. Managing the risks of ADHD treatments. Curr
Psychiatry Rep. 2014;16(10):479.

Cortese S, Holtmann M, Banaschewski T, et al. Practitioner review: current best
practice in the management of adverse events during treatment with ADHD
medications in children and adolescents. J Child Psychol Psychiatry.
2013;54(3):227-46.

Wernicke JF, Holdridge KC, Jin L, et al. Seizure risk in patients with attention-
deficit-hyperactivity disorder treated with atomoxetine. Dev Med Child Neurol.
2007;49(7):498-502.

Hoppe C, Elger CE. Depression in epilepsy: a critical review from a clinical
perspective. Nat Rev Neurol. 2011;7(8):462-72.

Kanner AM. Depression and epilepsy: A bidirectional relation? Epilepsia. 2011;52
Suppl 1:21-7.

Kanner AM. Psychiatric comorbidities and epilepsy: is it the old story of the
chicken and the egg? Ann Neurol. 2012;72(2):153-5.

Ettinger AB. Psychotropic effects of antiepileptic drugs. Neurology.
2006;67(11):1916-25.

Ketter TA, Post RM, Theodore WH. Positive and negative psychiatric effects of
antiepileptic drugs in patients with seizure disorders. Neurology. 1999;53(5 Suppl
2):S53-67.

Mula M, Sander JW. Negative effects of antiepileptic drugs on mood in patients
with epilepsy. Drug Saf. 2007;30(7):555-67.

Reijs R, Aldenkamp AP, De Krom M. Mood effects of antiepileptic drugs.
Epilepsy Behav. 2004;5 Suppl 1:S66-76.

Schmitz B. Effects of antiepileptic drugs on mood and behavior. Epilepsia.
2006;47 Suppl 2:28-33.

Miller JM, Kustra RP, Vuong A, Hammer AE, Messenheimer JA. Depressive
symptoms in epilepsy: prevalence, impact, aetiology, biological correlates and

effect of treatment with antiepileptic drugs. Drugs. 2008;68(11):1493-509.

Besag FMC. Behavioural effects of the newer antiepileptic drugs: an update.
Expert Opin Drug Saf. 2004;3(1):1-8.

136



“Our greatest weakness lies in giving up.
The most certain way to succeed is always to try just one more time”

Thomas A. Edison





