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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 UK-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 drug

subclasses, defined according to existing hypotheses on

their seizure-inducing potential (1, olanzapine or quetiap-

ine; 2, amisulpride, aripiprazole, risperidone, or sulpiride;

3, low-to-medium potency first-generation antipsychotic

drugs [chlorpromazine, zuclopenthixol, flupenthixol, peri-

cyazine, promazine, thioridazine]; 4, medium-to-high

potency first-generation antipsychotic drugs [haloperidol,

prochlorperazine, trifluoperazine]), and among those who

did not use antipsychotic drugs. To adjust for confounding,

we estimated odds ratios for seizures separately among

patients with affective disorders or dementia, stratified by

antipsychotic drug use and timing of use.

Results In the total cohort of 60,121 patients (who had

schizophrenia, affective disorders, or dementia), the inci-

dence 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 antipsychotic drugs, 59.1 (95 % CI 40.1–78.2) in

users of medium-to-high potency antipsychotic drugs, and

11.7 (95 % CI 10.0–13.4) in non-users of antipsychotic

drugs. Patients with dementia had significantly higher

incidence rates of first-time seizures compared with

patients with affective disorders, irrespective of antipsy-

chotic drug use. In patients with affective disorders, current

use of medium-to-high potency first-generation antipsy-

chotic drugs was associated with an increased risk of sei-

zures (adjusted odds ratio 2.51 [95 % CI 1.51–4.18])

compared with non-use, while use of other antipsychotic

drugs 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
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stephan.rueegg@usb.ch

Susan S. Jick

sjick@bu.edu

Michael Bodmer

mi.bodmer@unibas.ch

1 Basel Pharmacoepidemiology Unit, Division of Clinical

Pharmacy and Epidemiology, Department of Pharmaceutical

Sciences, University of Basel, Spitalstrasse 26, 4031 Basel,

Switzerland

2 Division of Clinical Neurophysiology, Department of

Neurology, University Hospital Basel, Basel, Switzerland

3 Boston Collaborative Drug Surveillance Program, Boston

University School of Public Health, Lexington, MA, USA

4 Hospital Pharmacy, University Hospital Basel, Basel,

Switzerland

5 Medical Department, Zuger Kantonsspital, Zug, Switzerland

CNS Drugs (2015) 29:591–603

DOI 10.1007/s40263-015-0262-y

http://dx.doi.org/10.1007/s40263-015-0262-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-015-0262-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-015-0262-y&amp;domain=pdf


potency first-generation antipsychotic drugs (adjusted odds

ratio 3.08 [95 % CI 1.34–7.08]), and medium-to-high

potency first-generation antipsychotic drugs (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 antipsychotic drugs in patients with

schizophrenia could not be investigated because of small

numbers.

Conclusions Current use of medium-to-high potency

first-generation antipsychotic drugs was associated with a

2.5-fold increased risk of seizures compared with non-use

of antipsychotic drugs in patients with affective disorders.

In these patients, current use of all other antipsychotic drug

subclasses was not associated with seizures. In patients

with dementia, current and past use of all antipsychotic

drug subclasses, except amisulpride, aripiprazole, risperi-

done, or sulpiride, was associated with an increased risk of

seizures.

Key Points

Patients with dementia had significantly higher

incidence rates of first-time seizures compared with

patients with affective disorders, irrespective of

antipsychotic drug use.

Use of medium-to-high potency first-generation

antipsychotic drugs (haloperidol, prochlorperazine,

and trifluoperazine) was associated with a more than

twofold increased risk of first-time seizures

compared with non-use of antipsychotic drugs in

patients with affective disorders.

Use of second-generation antipsychotic drugs

amisulpride, aripiprazole, risperidone, or sulpiride,

did not increase the risk of first-time seizures

compared with non-use of antipsychotic drugs in

patients with dementia.

1 Introduction

Antipsychotic drugs are commonly used in patients with

schizophrenia, affective disorders, or dementia [1]. 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 [2, 3].

Across first-generation antipsychotic drugs, 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 ismainly based on one observational

study in hospitalized psychiatric patients published almost

50 years ago [6]. In this study, the overall incidence of sei-

zures over 4.5 years was 1.2 % among 859 phenothiazine

users, while no seizures occurred among 669 non-users of

phenothiazines [6].

Among second-generation antipsychotic drugs, clozap-

ine has repeatedly been associated with the highest risk of

seizures [7–10]. 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

with placebo, but not in users of risperidone or ziprasidone

[9]. Additionally, users of clozapine, olanzapine, and

quetiapine more frequently reported seizures than users of

other second-generation antipsychotic drugs (such as

risperidone, amisulpride, or aripiprazole) in two studies

based on pharmacovigilance data susceptible to reporting

bias and confounding [11, 12].

Using primary care observational data collected in the

UK over a time span of 15 years, we aimed to explore the

association between antipsychotic drug use and the devel-

opment 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 antipsy-

chotic drug users.

2 Methods

2.1 Study Design and Data Source

We used data from the UK-based Clinical Practice

Research Datalink (CPRD) database to conduct a retro-

spective 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 described in detail else-

where [13–16]. The GPs record information on demo-

graphics, 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 [17, 18]. The CPRD has been

the data source for several observational studies on

antipsychotic drug use [19–21] and on seizures [22–25].

This study was approved by the Independent Scientific

Advisory Committee for Medicines and Healthcare prod-

ucts Regulatory Agency research (London, UK).
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2.2 Study Population

We identified all patients aged 18–89 years between Jan-

uary 1998 and December 2011, who (1) had a first-time

diagnosis of schizophrenia, affective disorders, or demen-

tia, followed by an antipsychotic drug 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 1 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 delu-

sional disorders’, F30–39 ‘Mood [affective] disorders’, and

F00–F03 ‘Dementia in Alzheimer’s disease’, ‘Vascular

dementia’, ‘Dementia in other diseases classified else-

where’, 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 bleed-

ing, brain tumor, brain abscess, sinus vein thrombosis,

meningitis, encephalitis, human immunodeficiency virus,

or cancer prior to the start date. Patients were required to

have had at least 1 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.

2.3 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 (corre-

sponding to ICD-10 codes G40 ‘Epilepsy’, G41 ‘Status

epilepticus’, or R56.8 ‘Other and unspecified convul-

sions’), (2) a first-time prescription for an antiepileptic drug

followed by a first-time diagnosis of seizure or epilepsy [as

defined under (1)] within 3 months thereafter, (3) a first-

time prescription for an antiepileptic drug preceded or

followed by a code of a suspected seizure within 3 months

before or after, provided that a first-time diagnosis of sei-

zure 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 1 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 because of (1), (2), or (3) will

subsequently be called ‘cases’, and their date of follow-up

end will be referred to as the ‘index date’.

2.4 Person-time Analysis

We assessed person time for four antipsychotic drug

subclasses according to existing hypotheses on their sei-

zure-inducing potential (as described in the ‘‘Introduc-

tion’’). We included individual drugs in these subclasses if

they encompassed at least 100 person-years of accumu-

lated 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 (chlorpro-

mazine, zuclopenthixol, flupenthixol, pericyazine, pro-

mazine, thioridazine), and (4) medium to high potency

first-generation drugs (haloperidol, prochlorperazine, tri-

fluoperazine). We classified first-generation drugs into

low-to-medium or medium-to-high potency according to

The American Psychiatric Publishing Textbook of Psy-

chopharmacology [26].

Person time was accumulated as follows: (1) no expo-

sure to antipsychotic drugs (‘no antipsychotic drug treat-

ment’) was defined as the period between the first diagnosis

of affective disorders, schizophrenia, or dementia, and the

first prescription for an antipsychotic drug, provided that

the diagnosis occurred prior to the prescription; (2) current

exposure to only one antipsychotic drug (‘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 drug was prescribed in this period.

Patients who switched between different antipsychotic

drugs but had no period of overlapping treatment con-

tributed person time to mono use of these different

antipsychotic drugs; (3) current exposure to more than one

antipsychotic drug concomitantly (‘mixed use’) was

defined as use from the day when at least two antipsychotic

drugs were prescribed concomitantly through the expected

end of treatment of all or all but one antipsychotic drug

plus 90 days. Patients who remained treated with one

antipsychotic drug after the period of mixed use con-

tributed person time to mono use for the remaining drug

thereafter; and (4) past exposure after stopping antipsy-

chotic drug 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.

Antipsychotic Drug Use and the Risk of Seizures 593



2.5 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). Addition-

ally, 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 fol-

lowing order based on smallest chance of remission/re-

covery and strongest association with seizures: (1)

dementia, (2) schizophrenia, and (3) affective disorders

[22, 27, 28].

Case and control exposure to antipsychotic drugs was

classified according to the timing of antipsychotic drug use

prior to the index date; ‘non-users’ were those who had no

antipsychotic drug prescriptions prior to the index date;

‘current users’ and ‘past users’ were those who had received

the last prescriptionB90 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

B90 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 five exposed subjects in each

exposure level. Where possible we classified each antipsy-

chotic drug by the dose prescribed at the index date (B1

defined daily dose,[1 defined daily dose) [29].

2.6 Statistical Analysis

We conducted a crude person-time analysis to estimate inci-

dence rates of seizures, with 95 % confidence intervals (CIs),

for the following exposures: any mono use, mono use of

different antipsychotic drug subclasses, mono use of indi-

vidual drugs, past use of antipsychotic drugs, and no use of

antipsychotic drugs. 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 sta-

tistical software (version 9.4; SAS Institute, Cary, NC,

USA) to conduct conditional logistic regression analyses.

Relative risk estimates of antipsychotic drug use among

cases and controls were calculated as odds ratios with

95 % CIs. Our reference group comprised patients with no

antipsychotic drug 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 dis-

orders, Parkinson’s disease, stroke and/or transient

ischemic attack (TIA), suicidal ideation/attempts, and

current or past use of antidepressants, anticonvulsants,

opioids, benzodiazepines, or antipsychotic drugs other

than those studied [2, 27, 30, 31]. We tested as additional

potential confounders a history of cardiovascular diseases,

diabetes mellitus, hypertension, hyperlipidemia,

hypothyroidism, sleep disorders, renal diseases, or

migraine, and concurrent use of antibiotics, anti-malarial

drugs, stimulants, and immunosuppressant or antiar-

rhythmic 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 esti-

mates of seizures associated with the use of antipsychotic

drug subclasses differed if the reference group included

non-users of the respective antipsychotic drug 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 antipsychotic drugs changed

because this drug is often used to treat nausea rather than

psychotic symptoms.

3 Results

We identified 60,121 patients who met our inclusion cri-

teria, 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–con-

trol analysis of 334 cases and 1336 controls, all of whom

had an affective disorder, and 202 cases and 773 controls,

all of whom had dementia. Mean age (±standard devia-

tion) at the index date of patients with affective disorders

or dementia was 47.7 (±18.5) years and 76.7 (±8.1)

years, respectively.
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3.1 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 antipsychotic drugs, respectively (Table 1).

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, arip-

iprazole, 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

Table 1 Incidence rates of seizures in patients with no antipsychotic drug treatment, with current and past use of antipsychotic drugs, and with

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

PYs No. of patients

with seizures

IR (per 10,000 PYs) 95 % CI

Whole study population

No antipsychotic drug 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 6839 13 19.0 8.7–29.3

Quetiapine 5738 28 48.8 30.7–66.9

Amisulpride, aripiprazole, risperidone, or sulpiride 7895 19 24.1 13.2–34.9

Amisulpride 1256 5 39.8 4.9–74.7

Risperidone 5012 13 25.9 11.8–40.0

Low-to-medium potency antipsychotic drugsa 4051 20 49.4 27.7–71.0

Promazine 839 8 95.4 29.3–161.4

Medium-to-high potency antipsychotic drugsb 6256 37 59.1 40.1–78.2

Haloperidol 1040 12 115.4 50.1–180.7

Prochlorperazine 4404 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 drug 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 6427 7 10.9 2.8–19.0

Amisulpride, aripiprazole, risperidone, or sulpiride 2832 X NA NA

Low-to-medium potency antipsychotic drugsa 2627 6 22.8 4.6–41.1

Medium-to-high potency antipsychotic drugsb 4831 21 43.5 24.9–62.1

Prochlorperazine 4093 17 41.5 21.8–61.3

Analysis restricted to patients with dementia

No antipsychotic drug treatment 7864 38 48.3 33.0–63.7

Past use 6326 67 105.9 80.6–131.3

Any mono use 4956 50 100.9 72.9–128.8

Olanzapine or quetiapine 1826 20 109.5 61.5–157.5

Quetiapine 1523 18 118.2 63.6–172.7

Amisulpride, aripiprazole, risperidone, or sulpiride 1594 11 69.0 28.2–109.8

Risperidone 1063 6 56.4 11.3–101.6

Low-to-medium potency antipsychotic drugsa 794 7 88.1 22.8–153.4

Medium-to-high potency antipsychotic drugsb 742 12 161.6 70.2–253.1

Haloperidol 488 10 205.0 77.9–332.0

PYs person-years, IR incidence rate, CI confidence interval, NA not applicable, X cell contains\5 patients (owing to ethics regulations to

preserve confidentiality, we are not allowed to display cells with a count of\5 patients)
a This group consisted of chlorpromazine, zuclopenthixol, flupentixol, pericyazine, promazine, and thioridazine
b This group consisted of haloperidol, prochlorperazine, and trifluoperazine
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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 drug

treatment (Table 1). Incidence rates of seizures were sim-

ilar in non-use and past use of antipsychotic drugs among

patients with affective disorders, while in patients with

dementia, past use of antipsychotic drugs was associated

with significantly higher incidence rate of seizures than

non-use.

3.2 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, anticon-

vulsants, or antidepressants were associated with an

increased risk of seizures in patients with affective disor-

ders (Table 2). History of stroke/TIA and concurrent use of

benzodiazepines were associated with an increased risk of

seizures in patients with dementia.

Current use of first-generation medium-to-high potency

antipsychotic drugs (adjusted odds ratio 2.51 [95 % CI

1.51–4.18]) was associated with an increased risk of sei-

zures compared with non-use of antipsychotic drugs in

patients with affective disorders (Table 3). In these

patients, current use of all other antipsychotic drug sub-

classes was not associated with seizures. In patients with

dementia, current and past use of all first-generation

antipsychotic drugs and olanzapine and quetiapine, was

associated with an increased risk of seizures compared with

non-use of antipsychotic drugs, while use of amisulpride,

aripiprazole, risperidone, or sulpiride was not associated

with seizures (Table 3). Owing to the small numbers of

patients with current antipsychotic drug use, we could not

calculate meaningful odds ratios for current use stratified

by exposure duration.

Table ESM 1 displays odds ratios of seizures associated

with the most frequently prescribed, individual antipsy-

chotic drugs in patients with affective disorders or

dementia, respectively. Current use of prochlorperazine

was associated with an increased risk of seizures compared

with non-use of antipsychotic drugs in patients with

affective disorders (Table ESM 1). Current use of all

individual antipsychotic drugs except risperidone and past

use of all individual antipsychotic drugs were associated

with increased risks of seizures compared with non-use of

antipsychotic drugs in patients with dementia (Table ESM

1). 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 sul-

piride users, 97.8 % of low-to-medium potency first-

generation antipsychotic drug users, and 100 % of med-

ium-to-high potency first-generation antipsychotic drug

users). Thus, we were unable to assess a potential dose–

effect relationship of antipsychotic drug use in relation to

the risk of seizures.

Because of the 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 drug use on the risk of seizures did

not differ materially between those with and without a

history of stroke/TIA (Table ESM 2).

Current use of medium-to-high potency first-generation

antipsychotic drugs 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

aged 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 1233 (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.

When the reference group was defined as non-use of the

respective subclass of antipsychotic drugs, the results were

closely similar (Table ESM 3) to those of the main analysis

(Table 3). Excluding prochlorperazine from the subclass of

first-generation medium-to-high potency antipsychotic

drugs yielded a higher odds ratio of seizures in patients

with affective disorders (adjusted odds ratio 12.56 [95 %

CI 3.31–47.67]) compared with the estimate from the main

analysis (Table 3), although the difference was not statis-

tically significant.

4 Discussion

In this observational study using data from a UK based

primary care database, we observed that current mono

users of antipsychotic drugs had two- to threefold higher

risks of seizures compared with non-users of antipsychotic

drugs. Current users of medium-to-high potency first-gen-

eration antipsychotic drugs had significantly higher risks of

seizures than current users of the second-generation

antipsychotic drugs 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

antipsychotic drugs was associated with a more than two-

fold increased risk of seizures compared with non-use of
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Table 2 Characteristics of cases with seizures and matched controls, by underlying disorder

Characteristics No. of cases (%)a (n = 334) No. of controls (%)a (n = 1336) OR crude 95 % CI

Analysis restricted to patients with affective disorders

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 dateb

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

Concurrentc 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

Anticonvulsantsd 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 antidepressantse 39 (11.7) 106 (7.9) 1.57 1.06–2.35

Characteristics No. of cases (%)a (n = 202) No. of controls (%)a (n = 773) OR crude 95 % CI

Analysis restricted to patients with dementia

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
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antipsychotic drugs in patients with affective disorders. In

these patients, current use of all other antipsychotic drugs

was not associated with seizures. In patients with dementia,

current use of all first-generation antipsychotic drugs and

the second generation antipsychotic drugs olanzapine and

quetiapine, was associated with an increased risk of sei-

zures compared with non-use of antipsychotic drugs. This

effect was also seen in past users of antipsychotic drugs in

those with dementia, suggesting that the association may be

because of dementia progression or severity, leading to

antipsychotic drug use, rather than a causal effect of

antipsychotic drugs. 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 [2, 3, 5, 8, 31, 32]. However, this

evidence is based mainly on one observational study con-

ducted between 1960 and 1965, which reported a higher

seizure incidence among phenothiazine (especially chlor-

promazine) users compared with non-users [6]. As the

group of non-users in that study comprised patients who

Table 2 continued

Characteristics No. of cases (%)a (n = 202) No. of controls (%)a (n = 773) OR crude 95 % CI

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 dateb

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

Concurrentc 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

Anticonvulsantsd 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 antidepressantse 26 (12.9) 89 (11.5) 1.21 0.74–1.96

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

OR odds ratio, CI confidence interval, NA not applicable, X cell contains\5 patients (owing to ethics regulations to preserve confidentiality, we

are not allowed to display cells with a count of\5 patients)
a Because of rounding, percentages may not total 100
b 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
c 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
d This drug group mainly consisted of the drugs sodium valproate (38.3 %), gabapentin (24.5 %), carbamazepine (12.8 %), and pregabalin

(10.6 %)
e This drug group mainly consisted of the drugs venlafaxine (38.0 %), mirtazapine (36.5 %), and trazodone (20.4 %)
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Table 3 Odds ratios for seizures in users of different antipsychotic drug subclasses, by current or past use, and by underlying psychiatric

disorder

Antipsychotic drug group No. of cases (%)a

(n = 334)b
No. of controls (%)a

(n = 1336)b
OR

crude

95 % CI OR adj.c 95 % CI

Analysis restricted to patients with affective disorders

No use of antipsychotic drugs 128 (38.3) 542 (40.6) 1 Reference 1 Reference

Olanzapine or quetiapine

Current use (last presc. B90 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. B90 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 antipsychotic drugsd

Current use (last presc. B90 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 antipsychotic drugse

Current use (last presc. B90 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

Antipsychotic drug group No. of cases (%)a

(n = 202)b
No. of controls (%)a

(n = 773)b
OR crude 95 % CI OR adj.c 95 % CI

Analysis restricted to patients with dementia

No use of antipsychotic drugs 46 (22.8) 290 (37.5) 1 Reference 1 Reference

Olanzapine or quetiapine

Current use (last presc. B90 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. B90 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 antipsychotic drugsd

Current use (last presc. B90 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 antipsychotic drugse

Current use (last presc. B90 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

OR odds ratio, CI confidence interval, adj. adjusted, presc. prescription
a Because of 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
c Adjusted for all other antipsychotic drugs, alcohol status, antidepressants, anticonvulsants, benzodiazepines, opioids, compulsive disorders,

Parkinson’s disease, suicidal ideation/attempts, and stroke and/or transient ischemic attack
d This group consisted of chlorpromazine, zuclopenthixol, flupentixol, pericyacine, promazine, and thioridazine
e This group consisted of haloperidol, prochlorperazine, and trifluoperazine
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used other first-generation antipsychotic drugs as well as

those who did not use any antipsychotic drugs, a compar-

ison of seizure risk associated with different first-genera-

tion antipsychotic drugs was not possible [6]. Additionally,

in contrast to our study, patients with major direct risk

factors for seizures were not excluded from this study [6].

We observed slightly higher incidence rates of seizures in

users of medium-to-high potency first-generation antipsy-

chotic drugs (mainly haloperidol and prochlorperazine)

than in users of low-to-medium potency first-generation

antipsychotic drugs (mainly flupenthixol, chlorpromazine,

and promazine), although differences did not reach statis-

tical significance. After adjusting for potential confound-

ing, current use of medium-to-high potency, but not low-

to-medium potency first-generation antipsychotic drugs,

was associated with an increased risk of seizures compared

with non-use of antipsychotic drugs in patients with

affective disorders.

In contrast to the available literature that describes a

higher risk of seizures associated with clozapine, olanza-

pine, and quetiapine (three structurally related antipsy-

chotic drugs) compared with other second-generation

antipsychotic drugs [9, 11, 12], our rates of seizures were

not significantly different between users of olanzapine or

quetiapine and users of other second-generation antipsy-

chotic drugs. However, we could not investigate the risk of

seizures associated with clozapine use, the second-gener-

ation antipsychotic drug reported to be most strongly

associated with seizures [7, 9, 10] 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 with non-use. This effect was not

present for current use of other second-generation

antipsychotic drugs.

To our knowledge, no other study to date has investi-

gated the risk of first-time seizures associated with use of

antipsychotic drugs in such a large population of patients

over such a long observation period. The available studies

on the risk of seizures in association with antipsychotic

drugs had no control group and were prone to bias and

confounding [6, 11, 12], or had only a very small control

group [9]. Moreover, these studies did not assess the risk of

seizures in association with antipsychotic drugs separately

for each underlying disorder.

In this study, we observed that patients with dementia

were at a significantly increased risk of seizures compared

with patients with affective disorders, irrespective of

whether they used antipsychotic drugs 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

[22]. 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 to date been the only antipsychotic drug in

the UK licensed for short-term use in patients with

dementia [33].

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, sex, calendar time, and

underlying disorder, which presumably led to the pre-

scription of antipsychotic drugs. Last, we adjusted our

analyses for additional potential confounders such as

alcohol consumption, relevant comorbidities, or concomi-

tantly used drugs. However, there may still be some

residual confounding by unmeasured risk factors for sei-

zures such as disease severity. Non-users of antipsychotic

drugs could potentially have been at a less severe disease

stage than current users of antipsychotic drugs. 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 drug dose and the development of

seizures, although the risk of seizures in association with

antipsychotic drugs has been reported to be dose dependent

[6, 10, 34]. However, antipsychotic drugs 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 antipsychotic drugs in patients with
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affective disorders could not be because of higher doses

prescribed in this subclass compared with other subclasses.

Because of limited numbers of current users of antipsychotic

drugs, we could not assess whether seizure risk was depen-

dent on exposure duration. Additionally, some antipsychotic

drugs, especially prochlorperazine, could have been pre-

scribed for nausea rather than psychosis. However, excluding

prochlorperazine users from the group of medium-to-high

potency antipsychotic drug 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. Additionally, 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 [17, 18].

5 Conclusion

We observed that the risk of seizures associated with use of

antipsychotic drugs 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 antipsychotic drugs was

associated with a more than twofold increased risk of sei-

zures compared with non-use of antipsychotic drugs, while

current use of other antipsychotic drugs 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 cur-

rent use of all other antipsychotic drugs was associated

with an increased risk of seizures, compared with non-use

of antipsychotic drugs.
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Individuals aged 18-89 with first-time schizophrenia, 
affective disorders, or dementia during the study period 

(n=635,949)

Seizures/epilepsy, or antiepileptic 
prescriptions, prior to the start date 

(n=17,635)

≥365 days of recorded history on the database prior to 
the start date (n=386,527)

No major risk factors for seizures prior to the start date 
(n=301,781)

Antipsychotics prescribed at some time after the start 
date (n=62,385)

Patients who met all inclusion criteria for follow-up
(n=60,121)

<365 days of recorded history on the 
database prior to the start date 

(n=249,422)

No seizures/epilepsy or antiepileptic prescriptions prior to 
the start date (n=368,892)

Major risk factors for seizures prior to 
the start date (n=67,111)

No antipsychotics prescribed at any 
time after the start date (n=239,396)

History of schizophrenia, affective 
disorders, or dementia, prior to the start 

date (n=2,264)

No seizure during follow-up (n=59,538)
� Potential controls for nested 

case-control analysis

First-time seizure during follow-up (n=583)
� Potential cases for nested case-control 

analysis

Cases with underlying 
schizophrenia (n=47)

Cases included in the nested case-control 
analyses:
n=334 with underlying affective disorders
n=202 with underlying dementia

Fig. 1 Flowchart of study

population
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