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ABSTRACT
Purpose The purpose of this study is to quantify the impact of the different outcomes and definitions of suicidality on the association
between antiepileptic drugs (AEDs) and suicidality.
Methods Retrospective cohort studies of selected AEDs (carbamazepine, gabapentin, lamotrigine, phenytoin, pregabalin, topiramate and
valproate) using data from UK Clinical Practice Research Datalink (CPRD) alone and linked to UK Hospital Episode Statistics (HES) and
UK Office of National Statistics (ONS), and from Danish national registries (DNR). Follow-up started at initiation of one of the study AEDs,
divided into exposure periods, a maximum 90-day post-exposure period, and the reference period starting the day after the 90-day post-
exposure period ended. Primary outcomes were completed suicide (SUI)/suicide attempt (SA) for CPRD and SUI/deliberate self-harm
(DSH) for DNR. We applied adjusted Cox regression analyses and sensitivity analyses with varying outcome definitions.
Results We analyzed 84 524 AED users from CPRD-HES-ONS (1188 SUI/SA; 96 SUI) and 258 180 users from DNR (7561 SUI/DSH;
781 SUI). The adjusted hazard ratios (HRs) on SUI/SA ranged between 1.3 (95% confidence interval (CI): 0.84–2.00) for lamotrigine
and 2.7 (1.24–5.81) for phenytoin in CPRD-HES-ONS, and between 0.9 (0.78–1.00) for valproate and 1.8 (1.10–3.07) for phenytoin on
SUI/DSH in DNR. HRs for the primary outcomes varied consistently across exposure periods and data sources. HRs for SUI were in general
lower, more stable and similar for periods of exposure and the 90-day post-exposure period.
Conclusion Applying different outcomes and definitions of suicidality had an impact on the relative risks of suicidality associated with the
investigated AEDs with results for SUI being most consistent and reliable. Copyright © 2016 John Wiley & Sons, Ltd.
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INTRODUCTION

Antiepileptic drugs (AEDs) are a pharmacologically
diverse group of drugs, and they are widely prescribed
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for indications such as epilepsy, neuralgic pain, mi-
graine and mental disorders including bipolar disorder,
schizophrenia, depression and anxiety1-10 — indica-
tions known to be associated with a higher risk of
suicidality.11-14

A number of studies have investigated a possible
association between AEDs and suicidality using dif-
ferent data sources such as the UK Clinical Practice
Research Datalink (CPRD) (the former General Practice
Research Database (GPRD)15), The Health Improve-
ment Network (THIN) database,16 the US HealthCore
Integrated Research Database,17 Danish national regis-
tries (DNR), 18-21 Swedish patient registries22 and
data from clinical trials.23 The investigators in these
studies applied different outcome definitions for
suicidality and study designs such as cohort, matched
case–control and case-crossover studies as well as a
meta-analysis based on clinical trial data.15-25

The published effects of AEDs on suicidality ranged
from an odds ratio (OR) of 0.24 (95% confidence in-
terval (CI): 0.03–2.17) for pregabalin16 to a hazard ra-
tio (HR) of 36.6 (95%CI: 15.9–84.5) for lamotrigine.24

The effects of individual AEDs differed considerably
within studies and between studies. The same holds
for different indications. Arana et al.16 found the low-
est OR in patients with epilepsy only (OR 0.6; 95%CI:
0.4–1.0) and the highest OR in patients with depres-
sion only (OR 1.7; 95% CI: 1.2–2.2).
Suicidality is an outcome with a wide spectrum of

partly overlapping manifestations (completed suicide
(SUI), suicide attempt (SA), suicidal ideation/intent
(SI) and self-harm), which are difficult to clearly define
in pharmacoepidemiology based on clinical classifica-
tion systems, for example, International Classification
of Diseases (ICD)-10 and available data sources.26-28

Moreover, the social stigma associated with suicidality
may potentially result in underreporting in certain set-
tings; this makes investigations even more challenging.
Accordingly, over and underestimation of SAs and
deliberate self-harm (DSH), in particular, have been
suggested. 27-30

Moreover, in spite of numerous publications,25 risk
estimates for individual AEDs on SUI risks are sparse
because of its infrequent occurrence and missing
power using single or smaller data sources. In addi-
tion, there is no direct comparison of associations of
AEDs and suicidality between different data sources,
for example, the CPRD and the DNR, as was the case
for fracture risks in multiple sclerosis.31 In summary,
differences in data sources, study designs, selection
criteria of included study populations and definitions
of suicidality may have contributed to the variation
in the previously reported risk estimates.

In the present study, we aimed to quantify the
impact of different outcomes and definitions of
suicidality (SUI/SA, including attempts resulting
in hospitalization/DSH/SI) on the association be-
tween selected individual AEDs and the risk of
suicidality. We studied this association in two large
population-based data sources, the UK CPRD and
the DNR using a common protocol.

METHODS

The methods used in both data sources were based on a
common protocol (including harmonized definitions of
exposure, outcome, confounders and a common statisti-
cal analysis plan) to increase comparability of results.

Study design and data sources

We performed retrospective cohort studies of users of se-
lected AEDs (study AEDs), that is, the seven most fre-
quently prescribed AEDs in UK (Supporting
Information Appendix 1) including carbamazepine,
gabapentin, lamotrigine, phenytoin, pregabalin,
topiramate and valproate derivates (including sodium
valproate, valproic acid, valproate semisodium and
valpromide). We used data from CPRD alone
and linked to UK Hospital Episode Statistics (HES)
and UK Office of National Statistics (ONS), and
from the DNR. Of the DNR, we used data from the
Danish National Prescription Registry,32 the National
Patient Register 33 and the Danish Psychiatric Central
Research Register,34 including both inpatient and outpa-
tient contacts as well as emergency room visits at
somatic and psychiatric hospitals, and the Danish
Register of on Causes of Death,35 the Danish Civil
Registration System,36 the Integrated Database for
Labour Market Research37 and the Education Register.38

Data were linked using the personal identification
number that is unique to each Danish resident.

Study populations

From both data sources, we selected patients with a
prescription for any of the study AEDs between 1 July
1996, and 31December 2009 (CPRD), and 31December
2011 (DNR), respectively, and no previous prescription
for any AED recorded in CPRD since 1987 and since 1
January 1995, in DNR. The date of the first prescription
of each of the study AEDs was defined as the index date.
Further inclusion criteria were 15years or older at the in-
dex date, a registration history of at least 6months prior to
index date and for CPRD fulfilling research data quality.
We excluded CPRD patients with medical terms in the
6months prior to the index reflecting history of SAs,
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DSH and SI (Supporting Information Appendix 2a,b).
From Denmark, we excluded patients with a history of
DSH (Table 1).
For approximately 56% of the AED cohorts identi-

fied in CPRD, linkage to HES and ONS was possible,
with data available since 1 January 1998. This linkage
allowed the inclusion of additional information on
suicidality such as medical diagnoses from hospitali-
zations, outpatient attendance (since 2003) and cause
of death information39 (CPRD-HES-ONS cohorts).
Users of the individual AEDs were followed from

their first prescription (index date) of the antiepileptic
of interest and censored at the occurrence of a suicidality
outcome, the end of data collection, date of death, trans-
fer out of the database (CPRD) or emigration from Den-
mark (DNR), the end of valid data collection of a practice
or the end of the study period, whichever came first.

Exposure

For each of the study AEDs, that is, carbamazepine,
gabapentin, lamotrigine, phenytoin, pregabalin, topira-
mate and valproate derivates, we assessed exposure indi-
vidually from the index date and onwards. For CPRD
data, we calculated prescription coverage using the
prescribed quantity and the prescribed daily dose to de-
fine the exposure period, assuming 100% compliance.
In case of missing dosing information, the median of
the duration of exposure was used. In the Danish
National Prescription Registry, the exact duration of indi-
vidual prescription coverage is not recorded.32 Instead,
we calculated the length of exposure periods based on
the medians of the number of days between consecutive
dates of prescription redemptions for the individual
AEDs and added a 7-day grace period to account for
delays in prescription fillings. For both the data sources,
the follow-up of the exposure to the individual AEDs
was divided into three periods (Figure 1a): for the indi-
vidual AED cohorts: (A) exposure period (time period
covered by the prescription), (B) 90-day post-exposure
period: starting the day and lasting up to a maximum of
90days after the AED exposure ended (C) past exposure
period: starting the day after the 90-day post-exposure
period ended. Patients could move between these periods
according to their AED use. The date of a new prescrip-
tion was the start of a new exposure period. Switching
between different AEDs was possible, that is, patients
could move from one AED cohort to another.

Outcome definitions

Table 1 displays the definitions of the different out-
comes of suicidality applied in UK and DNR. In UK,
for defining SAs and SI, we used recorded medical

terms from the clinical and referral module, plus reasons
for transfer out of the general practice to identify pa-
tients with one of these outcomes from CPRD (Table 1,
and Supporting Information Appendix 2a for READ
codes). This information was based on data from gen-
eral practices, but may include data from hospital treat-
ment if communicated back to the general practitioners.
We defined an outcome as SUI if the term of SUI/SA
occurred simultaneously with a recording of death (+/
�4weeks, because of delays in registration), and death
was registered as reason for leaving the practice
(registering out), or if a final date of any administrative
activity in the database of disenrollment within 6months
after suicidality code was recorded. In addition, we used
information from hospital sources (HES) and data from
ONS on cause of death. In case of discrepancies, we
prioritized data from HES and ONS. ICD-10 terms that
were used to define SA or SUI are listed in the
Supporting Information Appendix 2a, b. For HES and
ONS data, we included terms for injury/poisoning of un-
determined intent, as used in official UK statistics
(Supporting Information Appendix 2b).39

For Danish data, we applied two different outcome
definitions: (i) SUI and DSH combined and (ii) SUI
only. We identified patients with an outcome of DSH
by applying a previously applied algorithm28,40,41 as
specified in the Table 1 using hospital admission data
from the Danish National Patient Register33 and the
Danish Psychiatric Central Research Registry.34 The
cases of DSH include individuals with and without
intent to die.28 We defined an outcome as SUI, if an
ICD-10 code of suicide (intentional self-harm) was
recorded in the Danish Register of Causes of Death35

or if the patient died within 7days of an event of
DSH, because death within this period is considered
attributable to the self-harming event. Further informa-
tion on the validity of the Danish algorithm can be
found in the Supporting Information Appendix 3.
For UK data, we applied three different outcome

definitions of suicidality in the analyses: (i) primary
analyses: SUI and SA combined (SUI/SA) and (ii)
secondary analyses included (a) SUI only and (b) a
wider definition including SI in combination with
completed SUI/SA. For DK data, we applied two
outcome definitions in the analyses: (i) primary analyses
on SUI/DSH combined and (ii) secondary on SUI only.

Covariates and confounders

For UK analyses, we considered the following potential
confounders recorded at index date or in the 6months
prior to index date: gender, marital status, socio-
economic status, body mass index (BMI) (BMI<20,
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20–24.9; 25–29.9; >30), smoking status (no, ex,
smoker and unspecified), epilepsy/seizure (yes/no), per-
sonality disorders (yes/no), alcohol abuse (yes/no), drug
and medication abuse (yes/no) and number of differ-
ent drugs (any, other than AEDs). Information on
medical history was entered into the models as cate-
gorical (0: no information available; 1: medical term
available; 2: medical term plus greater than or equal
to two prescriptions) for the following disorders: bi-
polar disorder, depression, anxiety disorders (includ-
ing anxiety, phobia, adjustment disorders, obsessive-
compulsive disorders and severe stress), neuralgic
pain, migraine and schizophrenia.
For the Danish analyses, we used work status and

educational status registered in the Integrated Database
for Labour Market Research37 and the Education Regis-
ter as a proxy of socio-economic status.38 In addition,
we included the same covariates and confounding
factors as in the UK dataset, but in the Danish AED
cohorts, we did not have information on smoking status
and BMI. Information on medical history was entered
into the models as categorical (0: no; 1: medical term
available or at least one prescription drug redeemed to
treat the particular condition) for the following disorders:
alcohol abuse, substance abuse, depression andmigraine.
In both data sources, several potential confounding

aspects were handled as time varying, determined at
the beginning of each distinct observation period:
changing combination of exposure types to the

respective AED and other AEDs (Figure 1a), age, the
number of days prescribed to a certain AED up to the
beginning of the observation period (0: 0, 1: 1–2days,
2: 3–6days, 3: 7–12days, 4: 13+days), the number of
days prescribed to other AEDs (Supporting Information
Appendix 1), the number of concomitantly prescribed
other AEDs and concomitant prescription to antidepres-
sant drug on a daily basis according to the calculated
length of the prescription duration (yes/no).

Statistical analyses

We performed Cox regression analysis to calculate
rates and HRs of suicidality comparing exposure pe-
riods and the 90-day post-exposure periods with the
reference period. We included all events occurring
from day 1 until end of follow-up. To build the final
Cox regression models, we entered covariates individu-
ally and sequentially into the models and kept them
when the likelihood-ratio test was significant (p<0.05)
(Wald test for DNR) and checked for interaction (CPRD
only). Additionally, for CPRD and DNR data, we used a
standard set of covariates (exposure period, gender, time-
varying age, previous prescription to the same AED, his-
tory of depression, history of anxiety and concomitant
prescription to antidepressants) in the extended Cox
models (i.e. containing time-varying covariates) to eval-
uate the impact of applying a different model building
method. Table 2 displays the various combinations of

Figure 1. Graphical display of the four different observational exposure periods. (a) For AED cohorts: example of a patient concomitantly exposed to two
different AEDs. AED2 is handled in the model as time-varying covariate. Primary comparison of risks: exposure periods versus periods starting the day after
the 90-day exposure period ended (A versus C). (b) For epilepsy cohort only: primary comparison of risks, exposure periods versus unexposed periods
(A versus U). AED1, Antiepileptic drug 1; AED2, Antiepileptic drug 2; DOP, distinct observation periods (time-varying count variable)
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data sources and outcomes, AEDs and regression model
building strategies applied in the analyses.
We performed three sensitivity analyses on carba-

mazepine, lamotrigine and valproate with CPRD-HES-
ONS data. We defined study start as the date of
seizure/epilepsy diagnosis instead of first date of AED
prescription. The study period was between 1 January
1998, and 31 December 2009. As the reference period,
we chose the AED-unexposed period between first
seizure/epilepsy diagnosis and first AED prescription.
This enabled us to account for the potential independent
effect of the epilepsy diagnosis in the early course of the
disease on the risk of suicidality47(Figure 1b).
To verify data management and programming, we

performed code review by a second programmer and
checked selected patient listings. An experienced stat-
istician (CHS) reviewed the extended Cox regression
analyses of the CPRD analyses.

Because of multiple analyses on the same data, we
interpreted the results of both data sources in an
exploratory manner without formal statistical signi-
ficance testing.
We used SAS version 9.2 (SAS Institute Inc., Cary, NC,

USA) for data management of CPRD data and the whole
analysisofDNRdata, andSTATAversion10.1 (StataCorp,
4905 Lakeway Drive, College Station, TX 77845,
USA) for calculating rates and HRs from CPRD data.

RESULTS

Characteristics of the study population from UK
(Clinical Practice Research Datalink) and Denmark
(Danish national registries)

The CPRD study population consisted of 151769
patients with at least one prescription of one of the
study AEDs (carbamazepine, gabapentin, lamotrigine,

Table 2. Combinations of data sources, outcome dimensions and definitions and AEDs considered for the analyses

Data source AEDs studied Outcome definition applied
Method for Cox
model building

Further selection criteria applied
and additional information Results displayed in

CPRD-HES-ONS Study AEDs‡ SUI/SA LRT, SSOC HES and ONS data: Including terms of
injury/poisoning of undetermined
intent; primary analyses using LRT
(fully adjusted)

Figure 2a,
Appendix 4

CPRD-HES-ONS Carbamazepine,
gabapentin,
lamotrigine,
pregabalin and
valproate

SUI LRT HES and ONS data: Including terms of
injury/poisoning of undetermined intent

Figure 2b,
Appendix 5

CPRD-HES-ONS Study AEDs SUI/SA/SI (wide) LRT, SSOC HES and ONS data: Including terms of
injury/poisoning of undetermined intent;
CPRD data: ‘suicide’, ‘sa’, ‘wide’
suicidality groups of Appendix 2a

Appendix 6

CPRD-HES-ONS Carbamazepine,
lamotrigine and
valproate

SUI/SA LRT HES and ONS data: Including terms of
injury/poisoning of undetermined
intent; exclusion of patients with
history of depression and/or
prescription to any anti-depressive
drugs prior to index date, to evaluate
the effectiveness of adjustment for
depression in the remaining models

Data not shown

CPRD-HES-ONS Carbamazepine,
lamotrigine and
valproate

SUI/SA LRT HES and ONS data: Including terms of
injury/poisoning of undetermined
intent; patients with seizure/epilepsy
only. Study start was first diagnosis of
seizure/epilepsy. Reference period was
between first seizure/epilepsy dx and
first AED prescription date

Appendix 7

CPRD Study AEDs SUI/SA LRT, SSOC Suicidality groups ‘Suicide’ and ‘sa’ of
Appendix 2a

Appendix 8

Danish National
Registries

Study AEDs SUI/DSH LRT, SSOC Primary analyses Figure 2a,
Appendix 9

Danish National
Registries

Study AEDs SUI LRT, SSOC Figure 2b,
Appendix 10

‡Study antiepileptic drugs (AEDs): carbamazepine, gabapentin, lamotrigine, phenytoin, pregabalin, topiramate and valproate (including sodium valproate, valproic
acid, valproate semisodium and valpromide); SUI, completed suicide; SA, suicide attempt; SI, suicidal ideation; DSH, deliberate self-harm. LRT, likelihood-ratio test
UK Clinical Practice Research Datalink (CPRD), Wald test Danish National Registries (DNR), covariate kept in model, if it contributed significantly to the model
(p< 0.05); SSOC, standard set of covariates used (exposure period, gender, time-varying age, previous prescription to the same AED, history of depression, history
of anxiety and concomitant prescription to anti-depressives); HES, UK Hospital Episode Statistics; ONS, UK Office of National Statistics.
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phenytoin, pregabalin, topiramate and valproate).
Approximately 56% of them (84524) could be linked
with both data from UK HES and cause of death
information from the UK ONS (‘CPRD-HES-ONS’
cohort). In Denmark, the study population included
258180 patients with at least one prescription of the
study AEDs.
The mean age of the CPRD cohort was 57years,

and 59% were women, similar to the Danish cohort
(56 years, 57%). Gabapentin was most frequently
prescribed in UK, followed by carbamazepine and
pregabalin (Table 3). In Denmark, gabapentin,
lamotrigine and pregabalin were the most frequently
prescribed study AEDs (Table 4).
With regard to medical history and potential indication

of AED use, CPRD patients receiving lamotrigine or
valproate had the highest rate of depression (9%) in the
6-month pre-index period. In DNR, 8.3% (lamotrigine)
and 4.4% (valproate) had previously been admitted to a
psychiatric or somatic hospital because of depression. In
CPRD, approximately 40% of patients with depression
receivedmore than one prescription for an antidepressant.
In DNR, 52% and 38% of all users of lamotrigine and
valproate (not just those with depression) had previously
filled at least one prescription for an antidepressant.
In both the CPRD and DNR study populations,

most patients received at least one non-AED drug in
the 6months prior to index date (Tables 3 and 4). In
CPRD, the mean number of non-AED drugs prescribed
in the 6-month pre-index period ranged between 4.5 for
lamotrigine and 8.6 for pregabalin, similar to DNR,

where the mean number ranged between 5.4 for
lamotrigine and 7.8 for pregabalin.
The characteristics from the CPRD-HES-ONS linked

population were similar to those from whole CPRD
(data available upon request).

Frequency of suicidality. We identified 680 patients
with SUI/SA in the CPRD cohort (N=151769). In
the smaller CPRD-HES-ONS cohort with a shorter
observation time period, we identified more outcomes
(1188 patients with SUI/SA, N=84524). Of these, 96
patients committed suicide (8%). This means that in
relative terms, compared with the CPRD cohort, we
identified approximately three times as many patients
with SUI/SA in the CPRD-HES-ONS. Including
coded information on SI, the total number of patients
with suicidality increased by 29% to 1531. In the
following, all results are presented for the CPRD-
HES-ONS AED cohorts. In Denmark, we identified
7561 SUI/DSH including 781 (10%) SUIs among
the study AED users (N=258180).

Crude incidence rates of suicidality events

Clinical Practice Research Datalink–UK Hospital
Episode Statistics–UK Office of National Statistics
patients exposed to lamotrigine had the highest
crude rate for SUI/SA of 12.4 per 1000 PY during
exposure (A, Figure 1a) and 10.7 per 1000 PY during
the 90-day post-exposure period (B) and 10.0 per

Table 3. UK Clinical Practice Research Datalink demographics, comorbidities and comedications

Carbabamazepine Gabapentin Lamotrigine Phenytoin Pregabalin Topiramate Valproate Total

N = 46 364
(100%)

N = 66 907
(100%)

N = 6857
(100%)

N = 7470
(100%)

N = 28 803
(100%)

N = 4209
(100%)

N = 23 890
(100%)

N = 151 769
(100%)

Age [year], Mean (SD) 55.9 (18.2) 58.4 (16.2) 43.6 (19.0) 60.5 (18.3) 57.3 (16.0) 43.2 (14.7) 54.1 (21.1) 56.6 (18.1)
Gender male, % 40.9 40.4 36.6 52.8 38.7 27.3 46.4 41.3
Patients with SUI/SA, N (%) 299 (0.6) 162 (0.2) 68 (1) 35 (0.5) 47 (0.2) 20 (0.5) 220 (0.9) 680 (0.4)
Alcohol abuse, hx only % 0.8 0.2 0.7 1.7 0.2 0.1 0.9 0.6
Anxiety, hx only/hx + tx % 2.7/1.0 1.9/0.8 3.7/1.7 1.9/0.6 2.4/1.4 2.8/0.9 3.7/1.6 2.5/1.0
Bipolar disorder, hx only/hx + tx % 0.6/0.1 0.03/0.01 2.1/0.8 0.04/0.03 0.05/0.02 0.2/0.1 3.4/0.7 0.7/0.1
Depression, hx only/hx + tx % 3.7/2.0 2.6/1.7 5.4/3.9 3.0/0.9 2.7/2.0 3.0/2.0 5.4/3.3 3.3/2.0
Epilepsy, hx only % 8.1 0.5 35.9 28.7 0.5 6.7 22.4 7.4
Medication abuse, hx only % 0.3 0.3 0.5 0.4 0.2 0.2 0.4 0.3
Migraine, hx only/hx + tx % 0.7/0.6 0.4/0.7 0.8/0.7 0.6/0.3 0.4/0.6 8.6/20.4 1.5/3.5 0.8/1.3
Neuralgic pain, hx only/hx + tx % 4.3/0.9 2.8/1.3 0.6/0.2 0.8/0.3 2.6/1.2 0.6/0.4 0.5/0.2 2.5/0.8
Personality disorder, hx only/hx + tx % 0.2 0.1 0.5 0.1 0.1 0.1 0.5 0.2
Schizophrenia, hx only/hx + tx % 0.3/0.3 0.03/0.02 0.5/0.6 0.1/0.1 0.04/0.03 0.1/0.1 1.3/0.9 0.3/0.2
Non-AEDs*, Mean (SD) 5.9 (5.1) 8.4 (5.9) 4.5 (4.6) 5.6 (5.0) 8.6 (6.0) 5.7 (4.7) 5.8 (5.1) 7.1 (5.7)
Non-AEDs* ≥1, % 88.9 96.2 81.3 85.2 96.5 93.5 87.5 92.2
Initiators of AED, % 89.6 86.3 60.2 83.5 64.1 62.4 82.4 n.a.

SD: Standard deviation; SUI: suicide; SA: suicide attempt; hx only: patients with medical terms only in 180 d prior index; hx+tx: patients with medical terms
plus ≥ 2 prescriptions in 180 d prior index.
*Non-AEDs prescribed in 180 d prior to index. n.a., not applicable.
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1000 PY during past exposure period (the reference
period (C)) (Supporting Information Appendix 4). Pa-
tients exposed to gabapentin had the lowest rate (2.4
per 1000 PY) during reference period (C). It is impor-
tant to note that all SUI/SA rates were higher during
the 90-day post-exposure period (B, Figure 1a) than
during the reference period (C), and many of the
rates in period B were similar to rates in the expo-
sure period (A).
In Denmark, crude rates for SUI/SA for lamotrigine

were similar when compared with CPRD-HES-ONS,
but for the remaining six AEDs, the crude rates were
much higher (Supporting Information Appendix 9).
Similar to the findings in CPRD-HES-ONS, all SUI/SA
rates were higher during period B compared with period
C. For manyAEDs, rates in period Bwere similar to rates
in the exposure period (A).
In both the data sources, the crude rates for SUI

were an order of magnitude lower than for SUI/SA
and SUI/DSH (Supporting Information Appendices 5
and 10).
Turning to the CPRD epilepsy indication cohorts re-

lated to carbamazepine and valproate, we identified the
highest crude rates for SUI/SA in the AED-unexposed
periods (U) (Figure 1b) of 11.1 prior to carbamazepine
and 8.2 per 1000 PY prior to valproate initiation
(Supporting information Appendix 7). The rates during
exposure were considerably lower (2.6 and 2.7 per 1000
PY) and approximately 2.5 times lower than in the

comparable CPRD-HES-ONS cohorts. In contrast, the
crude rates were lowest during the unexposed period
for the lamotrigine epilepsy cohort.

Risk of suicidality

The fully adjusted HRs (period A versus C, Figure 1)
of the extended Cox models for SUI/SA using data
from CPRD-HES-ONS ranged from 1.3 (95%CI:
0.8–2.0) for lamotrigine to 2.7 (95%CI: 1.2–5.8)
for phenytoin (Figure 2a, Supporting information
Appendix 4). The HRs for period B compared with
period C were broadly in line with these.
In Denmark, all fully adjusted HRs (period A versus

C) for SUI/DSH were lower than in the CPRD cohort
(Figure 2a, Supporting information Appendix 9). They
ranged from 0.9 (95%CI: 0.8–1.0) for valproate users
to 1.9 (95%CI: 1.2–3.2) for users of phenytoin. The
HRs for period B versus C were similar. In general,
full adjustment had a higher impact on the HRs in
DNR than in CPRD-HES-ONS for SUI/SA.
For five AEDs from CPRD-HES-ONS, we had

enough power to perform analyses on SUI as out-
come. Three of them (carbamazepine, pregabaline
and valproate) had HRs above one (Figure 2b;
Supporting information Appendix 5). The remaining
two (gabapentin and lamotrigine) had HRs below
one. Because of the small numbers, the CIs were
wide. The HRs were again similar for the 90-day past

Table 4. Danish national registries demographics, comorbidities and comedications

Carbamazepine Gabapentin Lamotrigine Phenytoin Pregabalin Topiramate Valproate Total

N = 43 035
(100%)

N = 117 928
(100%)

N = 58 562
(100%)

N = 3054
(100%)

N = 57 670
(100%)

N = 15 919
(100%)

N = 40 664
(100%)

N = 258 180
(100%)

Age (year) Mean (SD) 57.2 (18.0) 59.9 (16.2) 47.7 (18.6) 57.6
(18.2)

55.3 (17.0) 42.7 (15.2) 57.8 (20.0) 55.9 (18.3)

Gender male % 45 42.9 40.7 49 38.8 34 48.3 42.7
Alcohol abuse, hx/tx % 2.9/2.1 1.1/0.9 2.9/2.6 7.4/2.6 1.9/1.9 2.0/1.7 3.6/2.4 2.2/1.7
Anxiety, hx only % 1.4 0.9 3.6 1.3 5.7 2.2 2.3 2.6
Bipolar disorders,
hx only %

1.8 0.1 5.2 0.4 0.6 1.4 6.6 2

Depression hx/tx % 2.2/28.1 1.3/34.7 8.3/51.9 2.5/26.2 4.5/53.6 2.7/33.4 4.4/37.8 3.8/39.1
Epilepsy, hx only % 4.6 1.1 20.3 52.8 0.5 13.5 26.9 7.5
Medication abuse, hx/tx % 1.1/0.03 0.3/0.01 1.0/0.03 0.8/0.03 1.1/0.03 1.1/0.06 1.3/0.02 0.8/0.02
Migraine, hx/tx % 0.2/3.0 0.2/3.6 0.5/3.7 0.6/1.5 0.2/4.4 5.2/28.4 1.3/4.7 0.6/4.7
Neuralgic pain, hx only % 1.3 0.7 0.5 1.7 0.5 0.1 0.5 0.5
Personality disorders,
hx only %

1.8 0.2 3.1 0.8 1.4 1.7 2.1 1.4

Schizophrenia,
hx only %

1.7 0.3 2.3 2.2 1.6 2 3.9 1.5

Non-AEDs‡ mean (SD) 5.9 (4.8) 7.5 (5.2) 5.4 (4.4) 5.9 (4.8) 7.8 (5.4) 5.4 (4.1) 6.2 (4.9) 6.4 (4.9)
Non-AEDs‡ ≥1% 91.8 96.5 93 89.8 97.6 97 91.8 93.9
Initiators of AED % 81.2 80.5 61.0 50.1 57.8 49.1 67.1 n.a.

SD, standard deviation; hx, patients with medical terms only in 180 days prior index (of a first prescription for the respective antiepileptic drug (AED)); tx, %
of all users of a specific AED with at least one prescription for a drug used to treat alcohol abuse, for an antidepressant, for drugs used to treat substance abuse
or for drugs used to treat migraine, respectively within 180 days prior to index.
‡Non-AEDs prescribed within 180 days prior to index. n.a., not applicable
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exposure period (period B versus C) and during
exposure (period A versus C).
In Denmark, for five (carbamazepine, gabapentin,

lamotrigine, topiramate and valproate) out of the six
AEDs where we had enough power to perform analyses
with outcome SUI, the HRs during exposure were
below 1 (Figure 2b).
Results from four sets of additional sensitivity analy-

ses in CPRDwere broadly similar to the primary results.
These sensitivity analyses included: (i) applying a wide
definition of suicidality (SUI, SA and SI) (Supporting
Information Appendix 6); (ii) using the unlinked CPRD
data (Supporting Information Appendix 8); (iii) using
three AED cohorts excluding patients with a history of
depression (data available on request) to control

more rigorously for depression; and (iv) using
extended Cox models with a constant standard set
of covariates to evaluate the influence of different
model building strategies (Supporting Information
Appendices CPRD: 4, 6 and 8, DNR: Appendices 9
and 10).

DISCUSSION

Using a common protocol, we detected differences in
effect estimates for the association of suicidality and
individual AEDs across outcome definitions between
CPRD-HES-ONS in UK and DNR. In particular,
HRs from CPRD-HES-ONS tended to be higher than
estimates from DNR independent of outcome

Figure 2. (a) Fully adjusted hazard ratios (95%CI) for exposure (exp) and 90-day post-exposure period (90d), compared with a past exposure starting the
first day after 90-day post exposure period ended for seven antiepileptic drug in UK Clinical Practice Research Datalink (CPRD)-UK Hospital Episode
Statistics-UK Office of National Statistics and Danish National Registries (DNR). Outcome in CPRD: completed suicide/suicide attempt; in DNR: com-
pleted suicide/deliberate self-harm. Y-axis: hazard ratios; carba, carbamazepine; gabap, gabapentin; lamot, lamotrigine; pheny, phenytoin; prega,
pregabalin; topir, topiramate; valpr, valproate. (b) Fully adjusted hazard ratios (95%CI) for exposure (exp) and 90-day post exposure period (90d), com-
pared with past exposure starting the first day after 90-day exposure period ended for five antiepileptic drugs in UK Clinical Practice Research Datalink
(CPRD)-UK Hospital Episode Statistics-UK Office of National Statistics and six antiepileptic drugs in Danish National Registries (DNR). Outcome:
suicide completed. Y-axis: hazard ratios. carba, carbamazepine; gabap, gabapentin; lamot, lamotrigine; prega, pregabalin; topir, topiramate; valpr,
valproate
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definitions. We have no explanations for these differ-
ences. In some cases, these differences were quite
marked, for example, twofold difference for HR for
SUI/SA in CPRD-HES-ONS (2.14, 95%CI: 1.64–
2.80) versus SUI/DSH for carbamazepine in Denmark
(1.0, 95%CI: 0.87–1.14). This is an example where
conclusions based on isolated results could be contra-
dictory even using a common protocol.
The present study also illustrates that comparing re-

sults from various sensitivity studies could provide
relevant insights into the biology and mechanisms
of a possible association and could be hypothesis-
stimulating. For example, the comparison of results
from periods with direct drug exposure with the 90-
day post-exposure period suggested: (i) that AEDs
may not only excerpt an immediate effect on suicidality
risk or (ii) that similar HRs from periods with direct drug
exposure and the following 90-day post-exposure pe-
riod could be interpreted as indication of no drug effect.
To evaluate the reliability of SUI reporting in the

two data sources used, we compared our rates for
SUI during reference periods with those from national
statistics offices in the UK and Denmark, respectively.
Crude rates for SUI using CPRD-HES-ONS ranged
from 12 to 50 per 100000 PY during reference pe-
riods, except for lamotrigine (139 per 100000 PY).
The respective figures from official UK statistics were
17.5 for men and 5.2 for women, or approximately 11
overall,39 which is broadly in line with our findings.
Note that our study population includes a relatively
high proportion of patients with epilepsy and/or men-
tal diseases, known risk factors for suicidality.18,42-48

In CPRD, we identified approximately three times
more SUI/SA events when we considered additional
data from HES and ONS. Thomas et al.27 reported that
only 26% of ONS-confirmed SUIs were identified in
the core CPRD and approximately 70% of HES-
identified cases of self-harm. These results demon-
strate the importance of considering additional data
from HES and ONS, especially for events associated
with death (SUI), or likely hospital admission (SA).
Using DNR, crude rates for SUI ranged between 45

for gabapentin and 93 for lamotrigine per 100000 PY
for the reference periods. In comparison, official an-
nual rates were 10 in the Danish general population.
The national rates are based on the same algorithm
and data sources as the ones applied in the current
study. As for CPRD, we consider the DNR results
broadly in line with expectations because of the pres-
ence of epilepsy and other severe mental disorders.
We conclude that there is no indication of a substantial

misclassification of SUI in CPRD and DNR, qualifying
these data sources for studies of this outcome although,

given its rarity, limited statistical power may continue
to compromise pharmacoepidemiological studies.
Comparing UK with Denmark, the official national

statistics estimates for SUI for the general population
in 2009 were nearly identical in UK and Denmark
(per 100000: 11 for UK and 10 for Denmark). However,
in the current study the crude rates for four of the five
AEDs (carbamazepine, gabapentin, lamotrigine and
pregabalin) were higher in Denmark during the study
period from 1997 to 2012 than in CPRD-HES-ONS.
An explanation for this finding may be a trend towards
lower rates of SUI in Denmark (per 100000) from 28
in the mid-1990s (the start of the study period in both
CPRD and Denmark), to 14 in 2000 and 10 in 2009.28,48

Crude rates for the combined outcome of SUI/DSH
for individual AEDs were also generally higher in
DNR than rates for SUI/SA in CPRD. The inclusion
of DSH cases with unclear SI in DNR may have con-
tributed to this difference. Additionally, it has been re-
ported that rates of DSH may be overestimated by
approximately 30% based on the applied algorithm.28

In CPRD-HES-ONS, besides those cases of SUI and
SA identified based on clinical diagnoses, we identi-
fied approximately 30% additional cases of SI based
on medical records from the basic CPRD. This is
clearly lower than the overall 2.4-fold higher number
of patients with SI or preparatory acts than with
SUI/SA in a meta-analysis of 199 AED clinical trials,
consisting of 27863 patients.23 This proportion was
even higher (3.8-fold, 30 vs 8) when placebo-exposed
patients only were considered. This suggests, not
surprisingly, that SI is likely to be underreported in
general practices.49,50

Hazard ratios based on the exposure period and the
immediate post-exposure period of up to 90days were
broadly similar. This was consistent across AEDs and
data sources. This finding may suggest either a de-
layed effect of the AED exposure or a relatively high
risk of suicidality because of patient’s inherent status,
independent of drug exposure, during a certain period
after a first diagnosis as can be seen from results from
CPRD-HES-ONS epilepsy cohort analyses in the
current study. For two of the three AEDs studied here
(carbamazepine and valproate), the highest crude
rates for SUI/SA were found in the AED pre-exposure
period (first seizure/epilepsy diagnosis to first AED
prescription). This is in line with findings from
Gibbons et al.51 who found that in patients with bi-
polar disorder, a 1.7-fold (carbamazepine) to 10.8-
fold higher (valproate) SA rate was observed in
the period before AED treatment compared with the pe-
riod after AED treatment. Similarly, Pugh et al.52 found
the highest rate for SUI/SA/SI in the month before AED
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start. These findings provide further evidence that indi-
viduals go through periods of lower and higher risk of
suicidality in their lives.53,54 The magnitude of risk
may be influenced by complex interactions of medical
conditions and treatments, as well as social and other as-
pects.55 Therefore, as we have seen in this study, it is
important to evaluate different observation periods to
help assess the influence of drug exposure compared
with other factors.
Regarding the different outcomes of suicidality,

HRs for SUI were lower than for SUI/SA and
SUI/DSH. This was consistent across data sources
and AEDs. These results suggest that the severity of
the outcome may influence the results and that SUI
should be handled as a distinct outcome and should
be compared with other outcomes of suicidality, for
example, SA. Moreover, the interconnection between
the different outcomes of suicidality is that SI and
particularly SAs are the strongest predicting factors
for SUI.55 As not all SAs lead to subsequent SUIs,
SI or SA cannot be regarded a surrogate for SUI,
but as their own entities of suicidality. The implica-
tion with regard to the relationship between the HR
estimates for each of the outcomes may be that simi-
lar risk estimates may be expected for all outcomes,
but not necessarily.
Several other studies have assessed the association

between AEDs and suicidality. Results from
Andersohn et al.15 and Arana et al.16 based on unlinked
UK general practitioner data were broadly in line with
our unlinked CPRD results (Table 5). However, these
results were generally lower than the HRs from our pri-
mary analyses, based on CPRD-HES-ONS. While
Arana et al.,16 like us, used SA and SUI as outcome,
Andersohn et al.15 additionally included self-harm
without a clear SI and restricted the study population
to patients with epilepsy and non-febrile seizures. Our
results concerning SUI/SA and SUI/DSH, respectively,
were broadly in line with those from Patorno et al.,17

who used the US claims HealthCore Integrated
Research Database (Table 5).
Pugh et al.24 reported for five of the six AEDs

several-fold higher HRs than we found (Table 5).
They used US Veterans Health Administration data.
Reasons for the differences from our study results
may be (i) their exposure definition: Individuals re-
ceiving a prescription for an AED were classified as
exposed during the total follow-up period of 1year.
This may have resulted in misclassification of ex-
posure as switching or discontinuation was not
considered; (ii) possible insufficient adjustment for
acute depression and previous suicide-related behaviour;
(iii) the selected study population, consisting of male US T
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veterans, aged 65 and older, and amedian age of 74years
with a relatively high prevalence of comorbidities; (iv)
use of a new-users design; and (v) random variations that
may be relevant because of few outcomes for most of the
AEDs. VanCott et al.56 who also used Veterans Health
Administration data reported lower results than Pugh.
However, low number of outcome events makes inter-
pretation and comparison difficult.
The adjusted HRs from our DNR analyses with out-

come SUI were threefold to fivefold lower (except for
carbamazepine) than those from a case-crossover
study also using DNR data (Olesen et al.21; Table 5).
One reason for our lower estimates may be the exclu-
sion of patients with a history of DSH in our study
compared with the study by Olesen.
Our study has several strengths. Firstly, we applied

the same protocol and inclusion and exclusion criteria
for identifying the study cohorts using different and
complementary data sources (including hospital-based
information, official death statistics and in CPRD
general practice also information on less severe
SAs), we applied four different outcome definitions
with additional variations, three different exposure
types (one exposure and two non-exposure periods)
and two different study designs. Secondly, we had
relatively large numbers of outcome events available
for analyses, allowing risk estimates for individual
AEDs. Thirdly, we applied a standard set of covari-
ates for analysis adjustment. Finally, both data
sources are population based. CPRD contains repre-
sentative data from approximately 8% of the UK
population, DNR from the whole Danish population.
Limitations of the present study include the potential

for underreporting of the outcome, the lack of valida-
tion of outcomes by chart review, using prescription
coverage and assuming a 100% drug compliance and
possible residual confounding by indication because
we were unable to reliably link AED prescriptions to
indications for treatment in CPRD and DNR. Addition-
ally, in CPRD, we may have missed patients with out-
comes based only on HES outpatient information
during the first 5 years up to 2003, and in DNR, we
may have missed less severe outcomes, because DNR
does not contain information from general practices.

CONCLUSIONS

Effect estimates tended to be higher with wider CIs in
CPRD than in DNR. Combined outcome of suicidality
(SUI/SA, SUI/DSH) had stronger associations than the
SUI only. This was consistent through the two data
sources and the study AEDs.

In conclusion, while it is possible to measure the
different outcomes definitions of suicidality, SUI is
likely the most reliable outcome to use for studies
based on electronic healthcare databases, rather than
SA, DSH or SI. Further harmonization and validation
of SAs/self-harm definitions according to international
(clinical) standards should be undertaken to increase
validity of results and comparability of outcomes in
different settings26,57.
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KEY POINTS
• UK CPRD - linked to hospital episode statistics
(HES) and Official National Statistics mortality
data - and Danish National Registries (DNR) are
valuable data sources for suicidality.

• We recommend applying alternative definitions
of exposure, outcome and reference groups to
quantify the likely range of suicidality risk and
to make appropriate inferences.

• Completed suicide appears to be the most reliable
outcome measure for suicidality.

• Further harmonization and validation of suicide
attempts/self-harm definitions according to inter-
national (clinical) standards is needed.
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