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NTICONVULSANT MEDICA-

lions are a heterogencous

pharmacologic class charac-

terized by various chemical
structures and postulated mechanisms of
action. They represent the main thera-
peutic approach [or patients with epi-
lepsy, but labeled indications also in-
clude bipolar disorder, mania, neuralgia,
migraine, and neuropathic pain.'” Their
oll-label use is rapidly increasing as
well.* The wide range ol indications and
common use ol anticonvulsants in pa-
tients with or without psychiatric co-
morbidities make their salety an issue ol
great relevance.

In 2008 the US Food and Drug Ad-
ministration (FDA) published a meta-
analysis including data from 199 placebo-
controlled trials of 11 anticonvulsant
drugs.® The FDA [ound that patients tak-
ing anticonvulsant drugs had approxi-
maltely twice the risk of suicidal behav-
ior orideation (0.43 per 100) compared
with patients receiving placebo (0.22 per
100). Subsequently, the FDA required
new fabeling forall anticonvulsant medi-
cations, including a warning about the
increased risk of suicidal thoughts and
behavior.™ Although an increased risk
in these outcomes was observed in the
meta-analysis, 1ts limited size and small
number of events, largely representing
cases of suicidal ideation only, pre-
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Context [n 2008, the US Food and Drug Administration mandated warning labeling
for anticonvulsant medications regarding the increased risk of suicidal thoughts and
behaviors. The decision was based on a meta-analysis not sufficiently large to inves-
tigate individual drugs.

Objective To evaluate the risk of suicidal acts and combined suicidal acts or violent
death associated with individual anticonvulsants.

Design A cohort study of the risk of suicidal acts and combined suicidal acts or vio-
lent death in patients beginning use of anticonvulsant medications compared with pa-
tients initiating a reference anticonvulsant drug.

Setting and Patients Patients 15 years and older from the HealthCore Integrated
Research Database (HIRD) who began taking an anticonvulsant between July 2001
and December 2006.

Main Outcome Measures Cox proportional hazards models and propensity score—
malched analyses were used to evaluate risk of attempted or completed suicide and
combined suicidal acts or violent death, controlling for psychiatric comarbidities and
other risk factors, among individual anticonvulsants compared with tepiramate and
secondarily carbamazepine.

Results The study identified 26 completed suicides, 801 attempted suicides, and 41
violent deaths in 297 620 new episodes of treatment with an anticonvulsant (overall
median follow-up, 60 days). The incidence of the composite outcomes of completed
suicides, attempted suicides, and violent deaths for anticonvulsants used in at least
100 treatment episodes ranged from 6.2 per 1000 person-years for primidone to 34.3
per 1000 person-years for oxcarbazepine. The risk of suicidal acts was increased for
gabapentin (hazard ratio [HR], 1.42; 95% confidence interval [CI], 1.11-1.80), la-
motrigine (HR, 1.84; 95% ClI, 1.43-2.37), oxcarbazepine (HR, 2.07; 95% Cl, 1.52-
2.80), tiagabine (HR, 2.41; 95% Cl, 1.65-3.52), and valproate (MR, 1.65; 95% Cl,
1.25-2.19), compared with topiramate. The analyses including violent death pro-
duced similar results. Gabapentin users had increased risk in subgraups of younger
and older patients, patients with mood disorders, and patients with epilepsy or seizure
when compared with carbamazepine.

Conclusion This exploratory analysis suggests that the use of gabapentin, la-
motrigine, oxcarbazepine, and tiagabine, compared with the use of topiramate, may
be associated with an increased risk of suicidal acts or violent deaths.
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vented definitive conclusions about the  Author Affiliations: Division of Pharmacoepidemialogy

salety of individual agents. Further-
more, in many trials included in the
meta-analysis, the anticonvulsant drugs
were used as an adjunctive therapy, lur-
ther complicating the assessment of their
individual effect. Thus, the FDA meta-
analysis could not provide patients or cli-

(Reprinted) JAMA, Apul 14, 2010—Vol 303 No. 14

and Pharmacoeconomics, Department of Medicine,
Bngham and Women's Hospital, Harvard Medical School,
Boston, Massachusetts (Drs Patorno, Bohn, Avorn, Liu,
and Schneeweiss and Ms Patrick); and HealthCore Inc,
Wilmington, Delaware (Dr Bohn and Mr Wahl).
Corresponding Author: Elisabetta Patarno, MD, MPH,
Division of Pharmacoepidemiology and Pharmacoeco-
nomics, Department of Medicine, Brigham and Wom-
en's Hospital, 1620 Tremont St. Ste 3030, Boston, MA
02120 (epatornoizpariners.org).

1401

Downloaded from www.jama.com at University of Arizona Health Sciences Library on June 3, 2010


Jim
Highlight

Jim
Highlight

Jim
Highlight


NEWLY INITIATED ANTICONVULSANT MEDICATIONS AND THE RISK OF SUICIDE

Figure 1. Flowchart of Study Cohort of Treatment Episodes
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1CD-9 indicates International Classification of Diseases, Ninth Revision; HIV, human immunodeficiency virus.

nicians with clear guidance on risk for
specilic agents or patient subgroups.'

The objective of this study was to
evaluate the increased risk ol at-
tempted or completed suicide, and
combined suicidal acts or violent death,
associated with a range of individual an-
ticonvulsant agents and within pa-
lient subgroups.

METHODS

We conducted a cohortstudy 1o compare
the risk of attempted or completed sui-
cide and combined suicidal acts or vio-
lent death in patients beginning to take
anticonvulsant medications with the risk
in patients beginning to take a relerence
anticonvulsant drug (primarily topiramate
and secondarily carbamazepine). The
analysis was restricted to new users ol the
study drugs to facilitate detection ol events
occurring shortly alter initiation and to
help define the relationship between du-
ration of use and level of risk."

Data Source

Data included medical and pharmacy
claims [rom the HealthCore Integrated
Research Database (HIRD). The HIRD
contains a broad spectrum ol longitu-
dinal claims data representing all filled
prescriptions and clinical encounters
from health plans in the southeastern,
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mid-Atlantic, central, and western re-
gions ol the United States. For this study,
data were available from January 1, 2004,
for 14 US states (Delaware, Georgia,
Calilornia, Virginia, New York, Ne-
vada, Indiana, Kentucky, Missouri, Chio,
Wisconsin, Connecticut, Maine, and
New Hampshire) with 3 states (Dela-
ware, Georgia, and Calilornia) contrib-
uting data beginning January 1, 2001.
The study cohort was lollowed up
through December 31, 2006, the latest
date for which data on the exact dateand
cause of death [rom the National Death
Index (NDI) were available.

Study Population

All participants aged 15 years and older
who began taking an anticonvulsant
drug between July 2001 through De-
cember 2006, and who had 6 months
ol continuous health plan enrollment
preceding the drug initiation date (in-
dex date), were eligible for the study co-
hort. Incident use required the ab-
sence of any anticonvulsant medication
in the 6 months belore the index date.
Participants were excluded if they had
received multiple anticonvulsant drugs
on the index date and if, in the 6 months
belore the index date, they had re-
corded diagnoses for attempted sui-
cide or medical conditions that could

have inlluenced the risk of suicidal acts,
such as cancer. human immunodeli-
ciency virus, or long hospitalization
(length of stay >30 days) (FIGURE 1).
Personal identiliers were removed
from the data set before the analysis 10
protect subject conlidentiality. The study
was approved by the institutional re-
view board ol Brigham and Women's
Hospital and Quorum Review Inc.

Anticonvulsant Medications
and Drug Exposure

The anticonvulsant medications consid-
ered included carbamazepine, ethosuxi-
mide, [elbamate, gabapentin, lamotrigine,
levetiracetam, oxcarbazepine, phenobar-
bital, phenytoin, pregabalin, primidone,
tiagabine, topiramate, valproate, and
zonisamide. The heterogeneous utiliza-
tion pattern of anticonvulsant medica-
tions makes the choice of a common rel-
erence drug particularly challenging.
Topiramate was chosen as the primary
reference drug because it was the sec-
ond mast commonly used agent in the
study population and because it is used
for a wide range ol indications. How-
ever, despite its broad range of uses, topi-
ramate is not commonly used as first-
line therapeutic approach in epilepsy or
seizure disorder. To investigate the risk
ol suicidal events in patients beginning
to use anticonvulsants for epilepsy, we
used carbamazepine, an anticonvulsant
widely used for initial treatment of epi-
lepsy, as a reference drug in a second-
ary analysis.

Based on the medication prescribed
on the index date, each subject was
identilied as beginning to 1ake a spe-
cific anticonvulsant agent. Follow-up
began on the day following the initial
[ill date. Participants were followed up
for 180 days, until drug discontinua-
tion or switching, the occurrence of a
study outcome, death for causes notin-
cluded in the study outcome, end of
continuous health plan enrollment, or
the end of the observation period,
whichever came first. Patients could
have gaps of up 10 30 days between pre-
scription [ill dates in the calculation ol
continuous therapy. In the case of drug
discontinuation or switching, the ex-
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posure risk window for each patient
treatment episode extended undl 30
days alter the expiration of the supply
of the last fill. Patients could contrib-
ute more than 1 treatment episode if
they had a 6-month washout period
without use of any study drug,. In a sec-
ondary analysis mimicking an “inten-
tion-to-treat” uppmach, patients were
lollowed up from the day following the
first fill for 180 days without consid-
ering drug discontinuation or switch-
ing, carrying forward exposure to the
first-used drug.

Qutcomes

We identilied suicide attempts through
emergency department (ED) visits and
haospitalizations with a diagnosis ol sui-
cide and self-inflicted injury (E9350.x-
958.x) coded using International Classi-
fication of Diseases, Ninth Revision
(ICD-9)"*and recorded in medical claims
in the HIRD. The use of the ICD-9 cod-
ing system for the identification of sui-
cide attempts has been found to have a
positive predictive value of 86%." In ad-
dition, a validation study ol injury-
related deaths found that suicides are re-
liably documented on death certificates
with specilicity and sensitivity for the in-
dividual codes for intentional self-harm
all greater than 90%." In the United
States, ICD-9 E-codes are incompletely
{orwarded [rom hospitals to payers."” To
address this issue, for the identification
of cases of attempted suicide, we also
used an algorithm that combined spe-
cific ICD-9 codes [or injuries with other
diagnoses and that was shown 1o havea
specilicity of 98% and positive predic-
tive value of 739% in a Nationwide Inpa-
tient Sarnple.' Participant cdata were cen-
sored after the [irst attempted suicide
without considering other outcomes on
subsequent treatment episodes.

Alter routine cross-checking of the
HIRD with the US Social Security Ad-
ministration Master Death Index to de-
termine which members of the HIRD had
died, we identified the exact date and
cause of death for these patients from the
NDIL. Cases of completed suicide were
identilied through recorded ICD-10
codes for intentional sell-harm (X60-

©2010 American Medical Association. All rights reserved.

X84), while violent deaths were identi-
fied as SOO-T78, VO1-V99, W00-X59, and
Y10-Y34.'"" We chose to also investigate
violent deaths because mortality due to
injuries or accidents accounts for a pro-
portion ol suicides,"*" reaching 87%
among accidental deaths suspected as
being suicidal "

Potential Confounders

and Other Variables

Patient characteristics were assessed dur-
ing the 6 months preceding cohortentry,
including the index date (the first fill).
Demographic data (age and sex), calen-
dar year, and comorbidities that could
have been associated with a higher risk
ol attempted or completed suicide and
violent death were investigated via ICD-9
codes and Current Procedural Termi-
nology 4 codes (CPT-4)* and medica-
tion use via National Drug Codes. These
comorbidities included psychiatric dis-
orders, such as bipolar disorder, anxi-
ety, psychotic disorders, substance abuse,
delirium, dementia, and other psychi-
atric disorders; and neurological disor-
ders, such as epilepsy and seizure dis-
orders, neuropathy and neuropathic
pain, migraine, head injury, Parkinson
disease, multiple sclerosis, amyotro-
phic lateral sclerosis, and other neuro-
logical disorders. Wealso identified other
comorbidities as potential confound-
ers, including myocardial inlarction,
cerebrovascular disease, heart [ailure,
diabetes mellitus, chronic lung disease,
renal [ailure, and other severe chronic
disorders, and health care utilization,
including previous hospitalizations, phy-
sician visits, psychiatric hospitaliza-
tions, use of psychotropic medications,
and total number of medications used.

Statistical Analysis

We then defined demographic charac-
teristics and selected coexisting clinical
conditions and health care utilization
measures among new users ol each an-
ticonvulsant medication considered
through cross-tabulations by drug ex-
posure. For each medication exposure on
the index date, the number of partici-
pants; number of treatment episodes;
length of [ollow-up period; and num-
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ber of events and incidence rates for ai-
tempted suicide, attempted or com-
pleted suicide, and any suicidal event or
violent death were calculated until drug
discontinuation or switching. The pri-
mary analysis was limited to 180 days of
{ollow-up: in a secondary analysis we cx-
tended the [ollow-up period to 360 days.
For the 180-day lollow-up analysis, the
population was followed up via 2 meth-
ods: until drug discontinuation or
switching (primary as-treated analysis)
and carrying forward the [lirst drug ex-
posure until day 180 (secondary cumu-
lative analysis). The number of partici-
pants lost to 180 days ol [ollow-up,
excluding the number ol participants
who developed any suicidal event or vio-
lent death, was 245398 in the primary
as-treated analysis and 88 849 in the sec-
ondary cumulative analysis. These pa-
tients were censored at the time they
were lost o follow-up.

To control for potential differences
among new users ol anticonvulsant
medications, multivariate-adjusted Cox
proportional hazards models were used
as well as high-dimensional propen-
sity score analysis.®' A 2-sided statisti-
cal significance level of .05 was applied.

We fitted unadjusted; age-, sex-, and
calendar year—adjusted; and multivariate-
adjusted (for all the variables previ-
ously mentioned) Cox proportional haz-
ards models to evaluate all outcomes in
180 days among users of all anticonvul-
sant medications compared with new us-
ers of topiramate until discontinuation
or switching ofl the study drug.

To improve covariate adjusiment, we
used high-dimensional propensity score
estimation. Initiation of each anticon-
vulsant medication was modeled pair-
wise against topiramate initiation, the
common reference group, and then pro-
pensity score—matched using the greedy
matching algorithm,* which has been
shown to perform well in balancing 2
comparison groups.”* Because pregaba-
lin was not on the market before 2003,
new users of pregabalin were propen-
sity score—matched with topiramate be-
ginning January 2005. Rate ratios (RRs)
and rate dilferences (RDs) with 9549 con-
fidence intervals (Cls) for all outcomes
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were calculated, and adjusted Kaplan-
Meier curves were plotted among se-
lected matched groups. Forest plots of
the RRs [or attempted or completed sui-
cide were produced [or subgroups de-
fined by age (15-24 and 25-6+ years), re-
corded diagnosis of mood disorders or
its therapy (antidepressant medications
or lithium), and recorded diagnosis of
epilepsy or seizure disorders.
Adjustments [or multiple compari-
sons were not considered. In this ex-
ploratory analysis, we limited analy-
ses 1o estimation ol elfects and precision
rather than any lormal statistical 1est-
ing.**** Statistical analyses were per-
[ormed using SAS versions 9.1 and 9.2
(SAS Institute, Cary, North Carolina).

RESULTS

We identified 297 620 new treatment
episodes ol anticonvulsant medications
(Figure 1), among which 57 833 were

represented by topiramate. The most fre-
quently prescribed medications were
gabapentin (48.0%), topiramate (19.4%),
lamotrigine {7.5%), and valproate
(6.29%). TABLE 1, TABLE 2, and eTable 1
(available at hup//www jama.com) show
variations in patient characteristics
among study drugs that are consistent
with the wide spectrum of uses of anti-
convulsant drugs. Patients beginning to
take topiramate were more likely than
patients beginning to take other anti-
convulsant medications to be female, to
have had a diagnosis of migraine or head-
ache, to have had an ambulatory visit,
and to have used antimigraine medica-
tions in the 6 months prior to drug ini-
tiation. New users of topiramate also had
a lower proportion ol epilepsy or sei-
zure disorders and previous hospitaliza-
tions in the period preceding the drug
initiation. The new users of other anti-
convulsants were more likely to have had

diagnoses ol epilepsy or seizure disor-
der {levetiracetam and phenytoin), neu-
ropathic pain (carbamazepine, gabapen-
tin, and pregabalin), depressive disorder,
manic-depressive disorder, or anxiety (la-
motrigine, oxcarbazepine, valproate, and
tagabine) and 1o have used antidepres-
sant (lamotrigine and tiagabine), anti-
psychotic (lamotrigine and valproate),
and analgesic medications (gabapentin,
pregabalin, and tiagabine).

The overall mean (SD) [ollow-up for
anticonvulsant medications was 91 (52)
days and the median was 60 days (in-
terquartile range, 60-125 days). The
mean follow-up time [or topiramate treat-
ment was 97 days and the median was
60 days (TABLE 3). Patients beginning to
take lamotrigine had the longest time re-
ceiving therapy, with mean and median
[ollow-up periods of 109 and 98 days, re-
spectively. Phenobarbital and pregaba-
lin treatment episodes had the shortest

Table 1. Selected Patient Characteristics by Drug Exposure (New Treatment Episodes) for 7 of 13 Anticonvulsant Medications?®

Nb. (%)

1
Topiramate Carbamazepine Gabapentin Lamotrigine Levetiracetam Oxcarbazepine Phenobarbital

Observations 57 B53 (19.4) 3859 (3.3) 142 865 (48.0) 22256 (7.5) 3975 (1.3) 8579 (2.9) 2120 (0.7)
Demographics
Female 47803(82.6) 5851 (59.3)  B684G (50.8) 14327 (B4.4) 2433 (61.2) 5048 (58.8) 1288 (80.5)
Age, mean (SO}, y 41 (13) 46 (17) 51 (14) 38 (14) 46 (17) 37 (16) 47 (16)
Median, y M 46 51 38 46 37 45
Health services ulilization
No. of medicalions, mean (SD) 8 i6) 6 (6) 9(6) 7 (6) 70 7 {6) 7@
Median, No. 7 5 B 6 G 5 5
Hospilalization 4988 (8.6) 1375 (13.9) 22764 (15.9 2746(12.3) 1160(29.2) 1542 (18.0) 520 {24.4)
Ambulalory visils 47 486 (B2.1) GBO7 (69.0) 110696 (77.5) 15775 (70.9) 3138(79.0) 6259 (73.0) 1445 (67.8)
Hospilalization for any psychiatric 1984 (3.4) 638 (6.5) 6242 (4.4} 1986 (8.9) 397 (10.0) 1007 (11.7) 266 (12.5)
disorcler
Neurological and psychiatric comorbidities
Epiepsy 618(1.1) 704 (7.1) 386 (0.3) 741{3.3 773(19.4) 523 (6.1) 123 {5.8)
Convulsions 1041 (1.8 1174(11.9) 920 (0.6) 926 {4.2) 1289 (32.4) 845 9.8) 215 (10.1)
Neurgpalhic pain 1383 (2.4) 1617 (16.4) 23202 (16.2) 939 {4.2) 362 (9.1) 795 (9.3) 116 {5.4)
Migraine 21293 (36.8} 444 (4.5) 6159 (4.3) 930 (4.4) 596 (15.0) 398 (4.6) 120 (5.6)
Depressive disorder 9773 (16.9) 1238 (12.6) 15374 (10.8)  B9G3 {40.3) 462 (11.6) 2648 (30.9) 265 (12.4)
Manic depressive disordar 2426 4.2) 692 7.0 2081 (1.5 6586 {29.6) 62 (1.6) 1843 (21.5) 30(1.4)
Psychosis 516 (0.9 180 (1.8) 961 (0.7) 634 {2.8) 121 (2.0) 344 (1.0 3001.4)
Alcohol and drug abuse or 2195 (3.8) 604 6.1) 6992 (4.9) 1615(7.3) 279(7.0) 851 (9.9 363 (17.0)
dependence
Delirium 183 (0.3) 81(0.8) 594 (0.4) 149 0.7 75(1.9) 87 (1.0} 26 (1.2)
Dementia 239 (0.4) 144 (1.5) 1261 (0.9) 135 (0.6 187 (4.7 122 (1.4) 28(1.3)
Other psychialric disorders 4709 (8.1) GOS8 (6.2) 6477 (4.5) 3145 (14.1) 306 (7.7) 1385 (16.1) 105 {(4.9)

Use of ather psycholropic medications

Antidepressants 290963 (51.8)  5211(32.6) 55194 (38.6) 15266 (68.6) 1592 (40.1) 4803 (66.0 G47 (30.4)
Lithium 823(1.4) 242 (2.5) 768 (0.5) 2054 9.2 3410.9) 405 {4.7) 11 (0.5
Anlipsycholics 4725(8.2) 956 (9.7) G103 (4.3) 5669 (25.5) 2731(6.9) 1806 (21.1) 138 (6.5)
Analgesics 28319 (48.9) 4145 (42.0) 94639 (66.2) 06867 (309) 1837 (46.2) 3059 (35.7) 924 (43.4)

A8ix months pnor 1o index date.
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Table 2. Selected Patient Characteristics by Drug Exposure (New Treatment Episodes) for 6 of 13 Anticonvulsant Medications?

No. (%)
| P 1
Phenytoin Pregabalin Primidone Tiagabine Valproate Zonisamide
Observations 10531 (3.5) 9086 (3.1) 3104 (1.0} 5497 (1.9) 18295 (6.2) 35628 (1.2)
Demaographics
Female 4640 (44.1) 5419 (59.6) 1567 (50.5) 3320 (60.4) 10118 (55.3) 2608 (73.9)
Age, mean (SD), y 48 (18) 56 (15) 59 (16) 44 (13) 41 (18) 43 (14)
Median, y 48 55 60 44 39 43
Health services ulilization
No. of medications, mean (SD) G {B) 10 {7) 8(7) a7 76 7(7)
Median, No. 4 9 7 8 6 6
Haospitalization 4657 (44.2) 1311 (14.4) 377 (12.1) 734 (13.4) 4045 (22.1) 388 (11.0)
Ambulatory visits 6230 (59.2) 6135 (67.5) 2477 (79.8) 4526 (82.3) 11876 (64.9) 2999 (85.0)
Hospitalization for any psychiatric disorder 1597 (15.2) 253(2.8) 89 (2.9) 394 (7.2) 2903 (15.9) 128 (3.6)
Neurological and psychiatric comorbidities
Epilepsy 1717 (16.3} 34 {0.4) 33(1.1) 27 (05) 601 (3.3) 164 {4.6)
Convulsions 5141 (48.8} 61 (0.7) 62 (2.0) 65(1.2) 1152 (6.3) 206 ({5.8)
Neuropathic pain 169 (1.6) 1154 (12.7) 105 (3.4) 312({6.7) 227 (1.2) 174 {4.9)
Migraine 360 (3.4) 347 (3.8) 70 (2.3) 364 (6.6) 2169 (11.9) 884 (25.1}
Depressive disorder 808 (7.7) 751 (8.3) 254 (8.2) 1588 (28.9) 5096 (27.9) 567 (16.1)
Manic depressive disorder 74 (0.7) 83 (0.9) 36 (1.2) 291 (5.3 4259 (23.3) 140 (4.0)
Psychosis 327 (3.1) 39 (0.4) 27 (0.9) B1(1.5) 1349 (7.4) 24 (0.7)
Alcchal and drug abuse or dependence 1121 (10.6) 292 (3.2) 85 2.7 519 (9.4) 1776 (9.7) 144 (4.1)
Delirium 248 (2.4) 36 (0.4) 11 (0.4) 45 (0.8) 328 (1.8) 21 (0.6)
Dementia 566 (5.4) 63 (0.7) 106 (3.4) 35 (0.6) 925(5.1) 29 (0.8}
Other psychiatric disorders 544 (5.2) 314 (3.5) 86 (2.8) 630 {11.5) 2535 (13.9) 298 (8.4)
Use ol other psycholropic medicalions
Antidepressants 2279 (21.6) 3840 (42.3) 1030 (33.2) 3666 (66.7) 10130 (55.4) 1795 (60.9)
Lithium 20(0.2) 35 (0.4) 33(1.1) 97 (1.8) B67 (4.7) 48 (1.4)
Antipsychotics 531 (5.0 439 (4.8) 116 (3.7) 752 (13.7) 4601 (25.1) 262 (7.4)
Analgesics 4172 (39.6) 6575 (72.4) 1153 (37.1) 3307 (60.2) 6647 (36.3) 1921 (54.5)

338 menths pricr 10 index date.

Table 3. Study Population, Follow-up, and Event Rates

Events Within 180 d, No. {Incidence Rate per 1000 Person-Years)?

Follow-up, d I Attempted Completed Attempted or Attempted or
Trealment T 1 Suicide Suicide Completed Completed Suicide or

Participants, No. Episodes, No. Mean (SD) Median (IQR}) {n=801) (n=26) Suicide (n=827) Violent Death (n = 868)
Topiramalte® 52127 57853 97 (64) 60(60-152) 109 (7.1) 2{0.1) 111 (7.2) 115{7.4)
Carbamazepine 8778 0859 87 (51) 60 (60-120) 20 (B.6) 1 (0.4) 21 (2.0) 21 (9.0)
Ethosuximide 42 47 77(45) GO (BO-60) 0 0 0 0
Felbamale 13 15 101 (63) 66 (B0-181) ] 0 0 0
Gabapenlin 130698 142865 8549 60 (B0-111) 228 (6.9) 8(0.2) 236 (7.1) 250 (7.5)
Lamolrigine 200862 22256 109 (68) 98 (60-181) 174 (26.1) 7(1.0) 181 (27.1) 186 (27.9)
Leveliracetam 3544 3975 95(54) 60 (60-146) 109.7) 0 10(9.7) 11 (10.7)
Oxcarbazepine 7725 8579 98(54) 67 (60-154) 75 (32.6) 1(0.4) 76 (33.0) 79 (34.3)
Phenobarbital 1859 2130 73(50) 60(37-90) 4(9.4) 0 4(9.4) 4(9.4)
Fhenytoin 9333 10531 98 (56) 66 (B0-164) 18(6.4) 1(0.4) 19 (6.7) 20(7.1)
Fregabaln 7875 9086 76(46) 60 (50-97) 9(4.7} 0 9(4.7) 12 6.3)
Primidone 2871 3104 95(54) B0 (60-150) 2 (2.5) 1(1.2) 3{3.70 5(6.2)
Tiagabine 4853 5497 88(49) 60 (60-120) 38128.7) 0 38{28.7) 39 (29.5)
Valproate 16692 18205 92 (52) GO {60-127) 107 (23.2) 5(1.1) 112 (24.3) 118(25.6)
Zonisamids 25965 3528 a0(50) 60 {E0-120) 7(8.0) 0 7 (B0 8(3.2)

Abbrevation: IQR, interqua
2 As-treated analysis cense
B Raference diug.

& 1ange
g al termination of health plan ekaibilty, reatmant discontinuation, drug switching, event, or 180 days, vhichever came first
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therapy time. There were 827 attempted
or completed suicides and a otal ol 868
combined events inclusive ol at-
tempted or completed suicides or vio-

lent deaths within 180 days alter the ini-
tiation ol any anticonvulsant medication.

The risk ol attempted suicide, at-
tempted or completed suicide, and any

Table 4. Hazard Ratios of Study Outcomes Within 180 Days?

HR (95% ClI)

Suicide
Attempt

Attempted or
Completed
Suicide

1
Attempted or

Completed
Suicide or
Violent Death

Unadjusled analysis
Carbamazeping

1.18 (0.73-1.90)

1.2 (0.76-1.94)

1.18 (0.74-1.87)

Gabapentin

0.94(0.75-1.18)

0.95 (0.76-1.19)

0.98 (0.79-1.22)

Lamotrigine

3.81 (3.00-4.85)

3.90 (3.08-4.94)

3.86 (3.06-4.87)

Leveliracetam

1.37 (0.72-2.62)

1.34 (0.v0-2.57)

1.43 (0.77-2.65}

Oxcarbazepine

4.62 (3.45-6.20)

4.60(3.44-6.16)

4.61(3.47-6.14)

Phenobarbital

1.6 (0.47-3.43)

1.24 {0.46-3.38)

1.20 (0.44-3.26)

Phenytoin

0.91 (0.55-1.50)

0.94 {0.58-1.53)

0.96 {0.60-1.54)

Pregabalin

0.64 (0.32-1.26)

0.63 (0.32-1.24)

0.81 (0.45-1.47)

Primidone

0.35 (0.09-1.41)

0.51 (0.16-1.61)

0.83 {0.34-2.02)

Tiagabine

3.96 (2.73-5.72)

3.88 (2.69-5.61

3.85 {2.08-5.54)

Valproale

3.25 (2.49-4.24)

3.30 (2.63-4.39)

Zonisamide

1,11 (0.52-2.39)

)
3.33 (2.56-4.349)
1.09 (0.51-2.34)

1,21 (0.59-2.47)

Age-, sex-, and calendar year-adjusted analysis
Carbamazeping

1.38{(0.85-2.22)

1.38 (0.87-2.21

1.32{0.83-2.11)

Gabapentin

1.52 {1.20-1.92)

1.49 {1.18-1.87)

Lamolriging

3.51 (2.76-4.48)

)
1.48(1.17-1.87)
3.58 (2.82-4.56)

3.56 (2.81-4.50)

Leveliracetam

1.63(0.85-3.12)

1.65 (0.89-3.06)

Oxcarbazeping

3.94 (2.92-5.39)

{

(
1.57 (0.82-3.01)
3.88 (2.88-5.22)

3.90 (2.92-5.22)

Phenobarbilal

1.61 {0.59-4.37)

1.54 (0.57-4.17)

1.46 (0.54-3.96)

Phenytoin

1.24 (0.75-2.05)

1.23[0.75-2.01)

1.22 (0.76-1.97)

Pregabalin

1.37 (0.69-2.73)

1.30 (0.65-2.59

1.60 (0.87-2.92)

Primidone

0.78 (0.19-3.16)

1.08 (0.34-3.42

1.62 (0.66-3.99)

Tiagabine

4.58 (3.15-G.66)

4.30 (2.98-6.22)

Valproate

3.10 (2.35-4.08)

)
)
4,38 (3.02-6.36)
3.11(2.37-4.07)

Zonisamide

1.19 (0.56-2.56)

1.16 (0.54-2.50)

0 (
3.15(2.42-4.10)
1.28 (0.63-2.62)

Adjusted analysis®
Carbamazepine

1.23 (0.76-2.00)

1.24 (0.77-1.99)

1.19 (0.74-1.91)

Gabapentin

1.44 (1.13-1.83)

1.42 (1.11-1.80)

1.42 (1.12-1.80)

Lamolrigine

1.79 (1,38-2.31)

1.86 (1.45-2.38)

Leveliracetam

1.71 (0.88-3.31)

1.63(0.84-3.16)

1.66 (0.88-3.14)

Oxcarbazepine

2.09 (1.54-2.85)

(

1.84 (1.43-2.37)
{
(

2,07 (1.52-2.80)

2.12 (1.57-2.86)

Phenabarbital

(05 {0.38-2.88)

0.99(0.36-2.72)

0.96 (0.35-2.63)

Phenyltain

1.26 (0.72-2.20)

1.25(0.73-2.15)

1.19{0.70-2.02)

Pregabalin

1.22 ({0.61-2. 45)

1.18 [0.59-2.37)

1.44 (0.78-2.67)

Primidone

1.15 (0.35-3.78)

1.84 (0.71-4.72)

Tiagakine

0.83 {0.20-3.47)
)

241 (1.65-3.52)

2.40 (1.65-3.49)

Valproate

2.49 (1.70-3.64
1.65 (1.25-2.20)

1.65 (1.25-2.19)

1.69 (1.29-2.23)

Zonisamide

1.28 (0.60-2.75)

1.25 (0.58-2.69)

1.37 (0.67-2.81)

Abbrevigticns: Cl, confiden
“ Ac-freated analysis cer

180 days, whic ma first. B
blla..anhanmvwread,u eclinal

oo interval, HR, hazard ratio.

s, h!rurﬂ an I[uyE'IC ic!
yocardalinfaction o
elitus, chronic lung
and inflammatony diseasa, lv

rena f'l\U'P 'iﬂ"l cther renal ¢

fing at termination of health plan gligibiity, treatment discontinuaticn, drug switching, event, or
NCe 15 lopiramata.

and blood cis
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suicidal event or violent death within
180 days among other anticonvulsant
new Lrealment episodes compared with
topiramate is shown in TABLE 4. Re-
sults of the multivariate-adjusted Cox
regression analysis indicated that the
risk for all outcomes was increased for
gabapentin, lamotrigine, oxcarbaz-
epine, tiagabine, and valproate new
treatment use compared with topira-
malte use. In particular, the risk of at-
tempted or completed suicide was
meaningfully increased lor gabapen-
tin (hazard ratio [HR], 1.42; 95% CI,
1.11-1.80), lamotrigine (HR, 1.84; 95%
Cl, 1.43-2.37), oxcarbazepine (HR,
2.07;95% Cl, 1.52-2.80), tiagahine (HR,
2.41; 95% CI, 1.63-3.52), and valpro-
ate (HR, 1.65:93% C1, 1.25-2.19). Simi-
lar results were obtained in the analy-
sis evaluating any suicidal event or
violent death. The first exposure within
the exposure carried-lorward 180 days
analysis, which is less subject to po-
tential bias due to informative switch-
ing or discontinuation, produced simi-
lar results (eTable 2). Extending the
study period to 360 days ol follow-up
(eTable 3 and eTable 4) alter drug ini-
tiation yielded no substantive differ-
ences [rom the 180-day analysis.

A secondary analysis using high-
dimension propensity score matching
conlirmed the [indings of the analysis [or
gabapentin, oxcarbazepine, and tiagab-
ine treatment compared with topira-
mate episodes with regard to attempted
or completed suicide and combined sui-
cidlal acts or violent death (eTables 3, 6,
and 7). In particular, the risk ol at-
tempted or completed suicide was in-
creased [or gabapentin (RR, 1.99; 95%
CI, 1.45-2.73; RD, 5.59 per 1000 person-
years; 95% Cl, 3.01-8.17 per 1000 per-
son-years), oxcarbamazepine (RR, 1.49;
95% (I, 1.01-2.20; RD, 10.00 per 1000
person-years; 95% CI, 0.35-19.65 per
1000 person-years), and tiagabine (RR,
1.98;95% (1, 1.15-3.41: RD, 14.06;95%
Cl, 2.67-25.15 per 1000 person-years)
{eTable 6).

In the high-dimension propensity
score analysis, lamotrigine treatment epi-
sodes had a higher risk than topiramate
[or suicidal events. New treatment with

©2010 American Medical Association. All rights rescrved.
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valproate was no longer associated with
a higher rate for suicidal events.
Kaplan-Meier curves comparing the
time to attempted or completed suicide
within 180 days showed increased risk
[or suicidal events beginning within the
first 30 days after treatment initiation [or
gabapentin (HR, 1.68; 95% C1, 1.12-
2.52), lamotrigine (HR, 2.45: 95% (I,
1.60-3.76), oxcarbazepine (HR, 2.79;
95% Cl, 1.70-4.55), and tiagabine (HR,
3.57: 93% ClI, 2.02-6.33) new (real-
ment episodes (FIGURE 2) (eTable 8).
Gabapentin treatment was signifi-
cantly associated with higher risk of sui-
cidal evenis and combined suicidal acis
or violent deaths in adults and young
adulis (eFigure, available at hup:/fwww
.jama.com), while gabapentin, la-
motrigine, oxcarbazepine, and tiagab-
ine were associated with higher risk

among adults. Gabapentin, oxcarbaz-
epine, and tiagabine were associated
with increased risk among patients with
mood disorder. A subgroup ol pa-
tients with a recorded diagnosis ol epi-
lepsy or seizure disorders did not pro-
duce interpretable estimates because of
the scarcity of events in the propen-
sity score~matched analysis with topi-
ramate as the reference drug.

The propensily score—matched analy-
sis with carbamazepine as the reference
drug produced results qualitatively con-
sistent with these [indings, conlirming
an increased risk of suicidal events [or
patients beginning to take gabapentin, la-
motrigine, oxcarbazepine, and tiagab-
ine (eTable 9). In particular, we found
a meaningful association between gab-
apentin and suicidality risk within 180
days among patients with recorded di-

NEWLY INITIATED ANTICONVULSANT MEDICATIONS AND THE RISK OT SUICIDE

agnosis ol epilepsy or seizure disorders
(RR, 13.92; 95% CI, 1.82-106.38)
{eTable 10).

COMMENT

In a cohort analysis that evaluated 827
suicidal acts (801 attempted suicides
and 26 completed suicides) and an ad-
ditional 41 violent deaths (868 com-
bined suicidal acts or violent deaths) in
297 620 new treatment episodes of an-
ticonvulsant medications, we [ound an
increased risk for these events in new
users of gabapentin, lamotrigine, ox-
carbazepine, and tiagabine compared
with topiramate. A secondary analysis
confirmed the increased risk and iden-
tilied an excess of 5.6 cases of at-
tempted or completed suicide per 1000
person-years among new users of gab-
apentin, 10.0 cases per 1000 person-

Figure 2. Adjusted Kaplan-Meier Plots for Time to Attempted or Completed Suicide After the Initiation of Selected Anticonvulsant

Medications
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High-dimension propensity score matching was used for adjustment. The primary as-treated analysis censored patient dala at medication discontinuation or switching
or at 180 days, whichever came first. “Suicidal acts” refers to attempted or completed suicides
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years among new users ol oxcarbaz-
epine, and 14.1 cases per 1000 person-
years among new users of tiagabine
compared with topiramate. The risk re-
mained increased for gabapentin insub-
groups ol younger and older patients,
patients with mood disorder, and pa-
tients with epilepsy or seizure disor-
ders, although there were [ew eventsin
the last group.

These lindings are compatible with
the results of the FDA meta-analysis,
which [ound similarly increased risks ol
suicidal behavior or ideation for all an-
ticonvulsant drugs compared with pla-
cebo, although its small numbers made
itdifficult to quantify these specilic risks
with confidence. No prior studies have
directly evaluated the relationship be-
tween dilferent anticonvulsant medica-
tions and risk of suicide in routine care.
The [ew investigations addressing the is-
sue were generally limited to patients
with bipolar disorder, estimating the sui-
cidal risk lor anticonvulsant medica-
tions compared with lithium.** In par-
ticular, a study ol 12662 Medicaid
patients diagnosed with bipolar disor-
der [ound a meaningfully increased risk
[or completed suicide (HR, 2.6) among
gabapentin users compared with lithium
users.”® However, the number ol sui-
cides identified was limited, and risk es-
timates were imprecise.

Anticonvulsant medications can have
psychotropic effects, including mood
and behavior changes.”** However,
there is no clear understanding ol a pos-
sible mechanism of action that could
lead 1o suicidal behavior in patients tak-
ing these medications; the existing theo-
ries are nol consistent and often derive
from small trials generally performed
against placebo in populations mainly
including epileptic patients.’*** Gaba-
pentin and lamotrigine, although they
can have anxiolylic and mood stabi-
lizer properties, have also been associ-
ated with behavioral problems such as
aggression and hyperactivity, particu-
larly in children and adults with learn-
ing disabilities and cognitive impair-
ment.*** Tiagabine has been lound o
produce nervousness and depressive
mood in placebo-controlled trials*'* po-

1408 JAMA, April 14, 2010—Val 303, No. 14 (Reprinted)

tentially leading to increased risk for sui-
cidality.”” Few data are available on the
psychotropic ellects of oxcarbazepine,
but a stimulant eflect on psychomotor
functioning compared with placebo has
been observed

Anticonvulsant therapy is usually
started at low dosages and increased ac-
cording to the patient response, often re-
quiring a few weeks to reach the aver-
age target dose. ™" We [ound increased
risk [or suicidal acts beginning within the
first 14 days alter treatment initiation, op-
ening the possibility that anticonvul-
sant medications could induce behav-
ioral elfects prior to the achievement of
their full therapeutic effectiveness.

Although we used multiple ap-
proaches in the design and analysis of
the study, including a new user de-
sign, multivariate-adjusted Cox pro-
portional hazards models, and a high-
dimension propensity score-matched
analysis, residual confounding by in-
dication is still a factor to consider. Pa-
tients beginning to take lamotrigine, ox-
carbazepine, and tiagabine at baseline
had a higher proportion ol diagnosis
and treatment for depressive and manic
depressive disorders than the refer-
ence group. Il the presence or the se-
verity ol such clinical conditions were
incompletely controlled {or, this could
lead 10 residual confounding. This pat-
tern was not identifiable for gabapen-
tin; its users had a higher proportion
ol neuropathic pain and use ol pain
medications. Pain could also play anim-
portant role in the process leading o
suicidal behavior. The analysis with car-
bamazepine as a relerence drug con-
[irmed an increased risk of suicidal acis
for gabapentin, with a meaningful as-
sociation among patients with a diag-
nosis ol epilepsy or seizure disorders.

The coding for suicides and suicide at-
tempis, critical [or the definition ofl the
study outcomes, may be subject 10 some
misclassification. If this misclassifica-
tion would be nondiflerential, it would
result in a bias towards the null. Anti-
convulsant drug switching might be re-
lated to the effect on moed ol the previ-
ous anticonvulsant medication. This
could make switching a predictor [or sui-

cidal acts that would not be observed in
an as-treated analysis, therelore intro-
ducing bias toward the null. To mini-
mize this potential bias, we additionally
carried the [irst exposure forward simi-
lar to an intention-to-treat analysis with-
out considering either drug discontinu-
ation or switching. The results of this
analysis were quite similar.

A final study limitation is the explor-
atory nature of this investigation. The [act
that no previous studies have directly
evaluated the relationship between dif-
ferent anticonvulsant medications and
risk of suicide in routine care, the large
sample size used, and the access 1o de-
tailed patient information make this in-
vestigation valuable to clinical practice.

This exploratory analysis contrib-
utes to the understanding of the com-
plex and little-understood relationship
between anticonvulsant medication use
and suicide risk. It suggests that the use
of gabapentin, lamotrigine, oxcarbaz-
epine, and tiagabine, compared with the
use of topiramate or carbamazepine, may
be associated with an increased risk of
suicidal acts and combined suicidal acts
or violent deaths.
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