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Abstract In recent years there has been considerable concern that certain classes of
drugs, for example antidepressants, may increase the risk of suicide. In this
current opinion article, we examine the literature on methodological and sta-
tistical approaches to the design and analysis of suicidal event studies. Ex-
perimental, ecological and observational studies of the relationship between
drugs and suicidal events (thoughts, attempts and completion) are discussed.
Areas considered include analysis of spontaneous reporting system data, eco-
logical trends in national and/or small area (e.g. county) suicide rates, meta-
analyses of randomized clinical trials, and large-scale medical claims data. New
statistical and experimental strategies for investigating possible associations
between drugs and suicide are highlighted, and we suggest directions for future
statistical/methodological research. To put this into context, we then review the
most recent literature on the relationship between drugs (antidepressants, anti-
epileptics, varenicline, montelukast and antipsychotics) and suicidal events.

Overall, there appears to be little evidence that drugs increase the risk of
suicide and related behaviour. Numerous lines of evidence in adults clearly
demonstrate that inadequate treatment of depression (pharmacotherapy and/
or psychotherapy) is associated with increased risk of suicidal behaviour. In
children, the results are less clear and further study is required to better de-
lineate which children benefit from treatment and who may be at increased
risk as a consequence of treatment. From a statistical and methodological
perspective, the field of pharmacoepidemiology is a fertile area for statistical
research, both in theory and in application. In general, methods have been
adopted from other areas such as general epidemiology, despite the singular
nature of many of the problems that are unique to drug safety in general, in
particular the study of rare events. Finally, there is considerable debate con-
cerning the communication of risk. For suicide, regulatory action has been
taken largely on the basis of evidence suggesting increased risk of suicidal
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thoughts. However, suicidal thoughts are quite common, particularly among
patients with depression, and may have little relationship to suicidal behav-
iour and/or completion.

The enormous human cost of suicide makes
research and prevention of suicide a national
priority.[1] Worldwide, there are about 1million
suicides annually. In the last 25 years, approxi-
mately 750 000 people committed suicide in the
US, and suicides outnumber homicides by at least
a 3 : 2 ratio. Deaths from suicide exceeded deaths
from AIDS by 200 000 in the past 20 years, and
four times as many Americans died as a result of
suicide than in the Vietnam war during the same
time period.[1] The estimated cost to the US in
lost income in 1998 alone was $US11.8 billion.
Nonetheless, suicide is a rare event with an an-
nual rate in the US of 12/100 000, making it a
difficult phenomenon to study using conven-
tional approaches.[1,2] The study of suicide spans
the concepts of psychobiology and genetics (and
other aetiological factors), to the epidemiology
and pharmacoepidemiology of suicide, to preven-
tion, treatment, prognostic studies, and ultimately
methodological, measurement and statistical is-
sues. In this current opinion article, we focus
largely on these latter issues related to the design
and analysis of studies of suicidal thoughts, be-
haviour and completion.We cover a variety of ap-
proaches that are in use to study suicide-related
events both from experimental and statistical
perspectives. We then review the applications of
these methods to the study of suicidal thoughts
and behaviours (including completed suicide)
and provide a general summary of the literature
on the relationship between suicidal events and
drugs of potential concern. In the following sec-
tion, we begin with a review of the early literature
on the possible relationship between antidepres-
sants and suicide to place the discussion in the
proper historical context.

1. Overview of Earlier Literature

Questions regarding a possible relationship
between antidepressants and suicide emerged in

1990 with the publication of a series of case re-
ports in which the then newly introduced selective
serotonin reuptake inhibitors (SSRIs) were asso-
ciated with the apparent emergence of suicidal
thoughts and behaviour.[3] These early observa-
tions led to US FDA hearings in 1991 that did not
find evidence of an increased risk of suicidal acts
associated with antidepressants. These early case
studies also set the stage for the development of
new approaches to the analysis of pharmacovigi-
lance data in general and with respect to suicide
in particular. To provide a foundation for more
recent developments, we now review this earlier
methodological work.

One early approach to the study of suicide in-
volved large-scale naturalistic studies of at-risk
populations such as those with mood disorders.
Lithium treatment of bipolar illness appears to
reduce suicide rates,[4-9] although results vary across
studies.[10-12] Another broad ecological approach
involves analyses of national population data-
sets. The observed decrease in suicide rates over
time correlates with increased antidepressant use
in Europe,[13-17] Scandinavia,[18] the US[19] and
Australia.[20] Doubling of prescriptions for SSRIs
correlated with a 25% decrease in the suicide rate
in the same time period in Sweden.[18] A study in
Italy found a 36% rise in prescription rates to
correlate with an 18% decline in suicide rates in
females only.[21] An educational intervention
study in a province in Sweden targeting primary
care physicians’ recognition and treatment of
depression had a disproportionate benefit for fe-
male suicide rates because of better help-seeking
behaviour in women.[22] In another study, anti-
depressant prescription rates rose faster and the
fall in suicide rates was greater in women in the
US during the period 1985–99.[23] Suicide and
suicide attempts in depressed patients are asso-
ciated with no treatment, or inadequate prescrip-
tion or consumption of antidepressants.[24-28]

Population-based changes in suicide rates may
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have explanations other than increased use of
antidepressant medications.[1] Unadjusted suicide
rates have risen in Japan in the last 4 years and so
too has use of SSRIs.[29] However, Nakagawa
and colleagues[30] showed that this was an arte-
fact of Simpson’s paradox and that, within age
cohorts, suicide rates in Japan have been decreas-
ing proportionately with increases in antidepres-
sant prescriptions. Iceland has had nomeaningful
change in suicide rates despite a 4-fold increase in
antidepressant prescriptions.[31]

Small area estimation offers improvements over
large-scale ecological modelling. Gibbons et al.[32]

obtained Centers for Disease Control and Preven-
tion (CDC) small or local municipality area level
data on suicide rates for 1996–8 in the US and
corresponding antidepressant prescription rates.
Increases in SSRI and serotonin-noradrenaline
(norepinephrine) reuptake inhibitor (SNRI) pre-
scriptions were associated with decreases in suicide
rates both between counties and within coun-
ties over time, whereas tricyclic antidepressants
(TCAs) were associated with higher suicide rates.
These results have been replicated in children and
young adolescents aged 5–14 years.[19,33]

In 2003–4, the relationship between antide-
pressant use and suicidal behaviour in children
and adolescents suddenly became of concern as
regulatory agencies in the UK, Europe and the
US observed that the rate of suicidal ideation and
perhaps nonfatal attempts appeared to be greater
in the active treatment group compared with pla-
cebo in some randomized clinical trials (RCTs) of
antidepressants in the paediatric population[34]

(also see section 4.1). Suicide is the third leading
cause of death in younger adolescents in the US
(aged 10–14 years) and the leading cause of death
in other countries, including China, Sweden,
Ireland, Australia and New Zealand. Over 90%
of older youth suicides (aged 15–18 years) in the
US are associated with psychiatric illness, with
rates of approximately 60% for 10- to 14-year-
olds.[1,35,36] However, only approximately 2% of
youths committing suicide appear to be on med-
ication at the time of suicide.[37,38] In a study of
49 adolescents committing suicide in Utah, 24%
had been prescribed antidepressants, but none tested
positive for SSRIs at the time of their death.[39]

In a postmortem study of 66 youth suicides in
New York City from 1993 through 1998,[37] 54
(81.8%) had serum toxicological analysis for anti-
depressants and an injury-death interval £3 days.
Two cases had imipramine detected and another
two had fluoxetine (total 10%). None of the other
90% of cases had antidepressants detected.

Each year in the US, depression occurs in
3–5% of youth and 60% of suicides occur in youth
and adults with depression. Although a suicide
death is rare in younger children (under 1/100 000
per year in 5- to 14-year-olds[1]), it is more com-
mon after mid-adolescence where rates for 15- to
19-year-olds are 3/100000 for girls and 15/100000
for boys.[40] Suicidal thinking and attempts are
relatively common in youth. Yearly, 19% of teen-
agers (aged 15–19 years) in the general population
report suicidal ideation and 9% make a suicide
attempt.[41] Rates are even higher in depressed
children, where 35–50% attempt suicide when
followed through adulthood,[42-44] and between
2% and 8% of depressed children commit suicide
over the course of a decade.[42,43,45] These differ-
ences in rates between suicidal ideation, behav-
iour (i.e. attempts) and completion highlight the
inherent difficulty in studying suicide in general
and the limitation of inferring risk of suicide data
from surrogates such as suicidal ideation.

The observation that almost all youths com-
mitting suicide are not receiving antidepressants
at the time of death, even when the individual is
thought to be depressed, suggests that lack of
treatment and/or low treatment adherence con-
tributes to suicide risk, and that more widespread
antidepressant treatment may reduce suicide rates.
Conversely, concerns have been raised about the
effect of antidepressants on risk of suicide in
mood disorders, especially in youth. Antidepres-
sants appear to be associated with rates of ad-
verse event reports regarding suicide attempts or
ideation that are 2% higher than placebo.[34] Be-
cause suicidal youth are routinely excluded from
antidepressant trials, there is a paucity of RCTs
evaluating the safety and efficacy of any antide-
pressant medication in depressed youth at risk for
suicide because of a history of suicidal behaviour.
In youth, demonstrated efficacy of antidepres-
sants historically has been limited to fluoxetine,
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which is long-acting,[46-49] although recent meta-
analyses have demonstrated efficacy of newer
antidepressants taken as a whole,[50] and the FDA
recently approved citalopram and escitalopram
for the treatment of major depression in youth.

Given the small number of youth who have
been enrolled in randomized trials of antidepres-
sants, the rarity of suicide itself, the exclusion of
those actively suicidal from such trials[2] and the
existence of reporting bias that is likely to un-
dercount suicidality in the placebo condition,[51]

there are very few RCT data that can be used to
examine the impact on suicidal behaviour. Alter-
native approaches are needed. Valuck et al.[52]

examined data from 24 4119 adolescents with a
first diagnosis of major depression and at least
6months of follow-up data. Treatment with SSRIs,
other antidepressants or combinations of anti-
depressants resulted in no increased risk in sui-
cide attempts.

Simon et al.,[53] studied both depressed chil-
dren and adults and found that suicide attempt
rates are highest in the month prior to initiating
treatment. Olfson et al.[54] conducted a case-control
study of antidepressant treatment in depressed
children and adults and found no association
with suicide or suicide attempts in adults, but a
significant association for both suicide attempts
(n = 263) and completion (n = 8) in children. The
association with suicide attempts was not signif-
icant for SSRIs, and with only eight completed
suicides, results are difficult to interpret. Fur-
thermore, it may be that more severely ill patients
were treated with antidepressants; hence, the ap-
pearance of an association. Tiihonen et al.[55]

found current antidepressant use to be associated
with increased risk of suicide attempts but de-
creased risk of suicide completion in the sub-
group of 10- to 19-year-old patients who had ever
used an antidepressant.

At a population level, a decline in the suicide
rate amongst youth (ages 15–24 years), averaging
about 33%, has occurred across 15 countries over
the past 14 years.[56] The reduction followed three
decades of increases. The greatest reductions were
in Australia (52%) and Switzerland (50%), and
the lowest (14%) was in Japan. In 12 of the 15 coun-
tries, the start of the decline occurred after the

introduction of SSRIs, suggesting a relationship
between prescription of SSRIs and suicide rates,
although other major youth suicide prevention
programmes were being implemented as well.[56]

The decline in the youth suicide rate observed in
epidemiological studies cannot be explained by a
reduction in exposure to illegal drugs and alco-
hol[23] or better firearms control.[57] Nevertheless,
it is important for future research to better delineate
the effects of change in SSRI use from other social
factors that may also influence suicide rates.

Antidepressants are not the only class of drugs
that have been associated with suicidal events. On
31 January 2008, the US FDA issued an alert
regarding increased risk of suicidal thoughts and
behaviour with antiepileptic drugs (AEDs). On
10 July 2008, an FDA scientific advisory com-
mittee voted ‘yes’ that there was a significant posi-
tive association between AEDs and suicidality
but voted against placing a black-box warning
on AEDs for suicidality. Other drugs such as the
smoking cessation drug varenicline, the acne medi-
cine accutane and the allergy medicine montelu-
kast have all been linked to increases in numbers
of spontaneous reports of suicidality. In the fol-
lowing sections we provide an overview of some
of the different possible methodological approaches,
explore their strengths and weaknesses, and then
attempt to summarize the more recent literature
on the relationship between pharmacological agents
and suicide.

2. Literature Search Strategy

We used Google Scholar and PubMed to con-
duct a search (through 2009) for statistical anal-
ysis methods and suicidality (thoughts, attempts
and completions) induced by drugs of interest.
We searched using the phrases ‘statistical anal-
ysis’ (with all of the words) and ‘spontaneous
reporting system’ (exact phrase) in Engineering,
Computer Science and Mathematics collections,
which resulted in identification of 78 articles. We
used the references in these articles to identify ad-
ditional articles. Additional searches using the key-
words ‘pharmacoepidemiology’ and ‘statistical
analysis’ combined were also conducted, which
identified an additional 151 articles. A general
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search using the keywords ‘statistical analysis’
and ‘suicide’ combined identified 2220 articles
that were reviewed for relevant content. In addi-
tion, we reviewed all articles published in the
journals Drug Safety and Pharmacoepidemiology
and Drug Safety for suicidality (regardless of
drug) and found 71 and 27 articles, respectively.
In order to find suicidality associated with drugs
(search result) we used Google Scholar with the
following keywords in the title of the extracted
papers: ‘suicide’ combined with ‘antidepressant’
(145 articles), ‘antiepileptic’ (12) ‘bipolar’ (112)
and ‘antipsychotics’ (10). For montelukast and
varenicline we searched for keywords anywhere
in the articles and found 200 and 192 articles,
respectively. We also used a PubMed search with
the keywords ‘suicide’ and ‘adverse events’ com-
bined with ‘antidepressant’ (35) ‘antiepileptic’ (8)
‘bipolar’ (9) ‘montelukast’ (90) ‘varenicline’ (1)
and ‘antipsychotics’ (8). The overlapping findings
were omitted.

3. Experimental Design and Statistical
Methods for Suicidal Event Data

In this section, we review the various types of
data, designs and statistical methods that are
useful for pharmacoepidemiological studies in
general, and studies of suicide and drugs in par-
ticular. A summary of these methodologies and
their advantages and disadvantages is presented
in table I.

3.1 Spontaneous Reporting Systems

Most reports of adverse drug reactions (ADRs)
are the product of clinician observation or per-
sonal self-report. The WHO global individual
case safety report database, VigiBase, is the largest
database of case reports of spontaneous reports
of ADRs. In the US, the FDA introduced the
MedWatch programme in June 1993 to expand
reporting of suspected ADRs in the Adverse
Event Reporting System (AERS), which now con-
tains over 2million reports of suspected ADRs.
Similar databases exist in various European and
other countries, including India, China, Taiwan

and Iran. ADR reports from these databases are
generally also included in VigiBase.

Proportional reporting ratio (PRR) is the
simplest method available for signal detection. It
is the ratio of the number of reports of a specific
adverse event (AE) to all AEs for a particular
drug compared with the same ratio for a large set
of other drugs – often all other drugs in the data-
set. Of concern is that large numbers of AE
reports of a particular kind effectively inflate the
denominator for that drug and thereby reduce
sensitivity for detecting other signals associated
with that drug. PRRs have large numbers of false
positive signals because they provide no adjust-
ment for multiple comparisons.

Empirical Bayes screening[58,59] computes the
baseline (expected) frequency under a row (drug)
and column (event) independence assumption for
multiple two-way tables. If the drug and event are
independent, the proportional representation of
that event for a specified drug should be the same
as the proportional representation of that event
in the entire database.

The cumulative sum (CUSUM) method is
based on the cumulative sum of differences be-
tween observations and their expected values.
A signal is detected if the signal statistics exceed
a threshold value.[60] The threshold is determined
by average run length (ARL) based on the mean
and variance of the background incidence. The
method requires a background comparison time
interval and may therefore limit the timely iden-
tification of safety problems.

Random-effect Poisson regression[61] is a
denominator-based method that requires some
estimate of the population at risk (e.g. national
prescription rates). Parameters are estimated
using marginal maximum likelihood, and indi-
vidual ADR rate ratios are estimated using either
empirical Bayes or parametric or nonparametric
full Bayes methods. Confidence (posterior) in-
tervals are used to identify safety signals.

There are numerous limitations of spontan-
eous reporting system (SRS) data. These include
(i) confounding by indication (i.e. patients taking
a drug may have a disease that is itself associated
with a higher incidence of the AEs); (ii) under-
reporting; (iii) questionable representativeness
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of patients; (iv) effects of publicity in the media
on numbers of reports; (v) extreme duplication
of reports; (vi) attribution of the event to a sin-
gle drug when patients may be exposed to mul-
tiple drugs; and (vii) failure to account for the
population at risk. These limitations do not char-
acterize all SRS data and some may be elimi-
nated by use of better statistical approaches. For
example, when information on indication and
concomitant medications is available, it may
be included in the analysis to adjust for these
factors using many of the previously described
methods. Furthermore, the lack of representa-
tiveness SRS data, which may somewhat limit
generalizability, is generally not a statistical con-
cern since the methods for analysing these data do
not relate to the (unknown) exposed population.

3.2 Ecological Methods for Rare Adverse
Events

For very rare events (e.g. death by suicide),
there may be few options for routine drug sur-
veillance. One approach is to use ecological data
that relate changes in drug prescription rates to
AE rates. These more global associations do not
support causal inferences, but the availability of
large denominators and close to complete enu-
meration of events such as suicides can be hypo-
thesis-generating and help support inferences
drawn from other studies. In some cases, natural
experiments, such as black-box warnings,[62] pro-
vide an opportunity to evaluate the positive or
negative consequences of decreased access to the
drug on the event of interest.

Analysis is often based on log-linear or Poisson
regression of suicide rates over time, using expo-
sure based on prescription rates during the same
time period. Serial correlation can be accom-
modated using Huber-White robust standard er-
rors, which allow for an arbitrary autocorrelation
pattern.[63-65] Where data frommultiple countries
are combined, both fixed-effects[66] and random-
effects models[67] can be used to allow each coun-
try to have its own linear time trend. Alternatively,
simultaneous county-level analyses can be per-
formed[1] in whichAE rates are stratified by demo-
graphic characteristics such as age, race and

sex within counties, and a mixed-effects Poisson
regression model is used to analyse the data,
treating the county as the unit of analysis (using
population as an offset). County-level prescrip-
tion rates can be added to the model. When
longitudinal data are available, between-county
effects and within-county effects can be uniquely
estimated.[32,67]

3.3 Meta-Analysis of Randomized Controlled
Trials

Prior to drug approval and/or release of a new
drug, a series of RCTs is conducted that include
obtaining information on AEs. While an individ-
ual study typically has insufficient power to detect a
potential drug-AE relationship, meta-analysis of
data from several trials may provide a more
powerful statistical inference. Meta-analysis is an
observational study of studies and does not in
and of itself provide a causal inference. Studies
are often combined using multiple drugs used for
multiple indications, and this inherent hetero-
geneity is often ignored in conclusions drawn re-
garding the effect of the class of drugs as a whole
on the AE of interest. The studies that are avail-
able for a meta-analysis may also suffer from se-
lection bias, in that they may be restricted to only
those studies in which the drug was shown to be
efficacious.

The Mantel-Haenszel method, a moment-based
estimator, assumes that treatment is a fixed ef-
fect, and combines studies using an inverse var-
iance to determine the weight given to each study.
The method assumes that the log odds ratio is
equal across all studies (i.e. there is no treatment
variability).

DerSimonian andLaird,[68] developed amoment-
based estimator in which they assume that treatment
is a random effect and can vary over studies. How-
ever, a number of simulation studies[69-71] have
shown that the heterogeneity estimate has a large
negative bias, leading to a biased estimate of the
pooled treatment effect as well. In addition, the Q
statistic that is used to test heterogeneity has low
power to detect departure from homogeneity.[72,73]

Mixed-effects logistic regression models (like-
lihood-based estimators), take heterogeneity into
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account while combining results across trials.[67]

These methods do not suffer from the same po-
tential statistical estimation bias inherent in the
previously described moment-based estimators.
In addition to providing estimates of treatment
effects and treatment and background incidence
heterogeneity (for randomized studies), it also
allows trial-level co-variates in the analysis. Un-
like the previous two moment-based methods,
studies with zero events can be included in the
analysis and there is no need to add a constant
to studies that have a single arm with no events
(i.e. continuity correction). These methods should
be used in place of the moment-based estimators
that have been used by the FDA and others in
performing meta-analyses of RCT data. To the
extent that there is heterogeneity of the treatment
effect across studies, different results between the
moment- and likelihood-based approaches to
meta-analysis can be obtained.

While a detailed review of the statistical and
methodological properties of meta-analysis is
beyond the scope of this review, a few general
points are important to guide further work in this
area. First, it is critically important to make every
attempt to include all studies, both published and
unpublished, when attempting to synthesize re-
search in a particular area. Second, rather than
assuming homogeneity, it would seem more pru-
dent to assume heterogeneity of treatment effects
and background incidence rates, and only fit
simpler models when there is convincing evidence
to indicate that such heterogeneity is not present.
It is unlikely that traditional moment-based esti-
mators will provide such information. Third, when-
ever possible, all of the original data should be
obtained (including longitudinal data when the
original studies involved repeated observations)
and these data should be re-analysed preserving
the nesting of repeated observations within sub-
jects and subjects within studies, rather than re-
lying upon meta-analytic procedures for pooling
effect sizes or odds ratios.

3.4 Medical Claims Data

Medical claims data have several advantages
over spontaneous reports for drug surveillance.

First, they represent person-level data, similar to
RCTs and spontaneous reports, but unlike spon-
taneous reports, we know the population at risk.
Second, several medical claims databases such as
the Veterans Administration (VA) or PharMetrics
databases contain longitudinal information on
AEs, concomitant medications and co-morbid
diagnoses both before and after the drug expo-
sure. Third, the populations that can be sampled
are often large enough to study even the rarest of
events, such as suicide. Their primary limitation
is that they are observational, and any associa-
tion identified and related inferences may be
biased due to unmeasured confounding.

There are several different types of studies that
can be conducted using medical claims data. The
simplest is a case-control study, where ‘cases’ are
defined as patients who have experienced the AE
of interest, and ‘controls’ are similar to the cases
but have not experienced the AE. The goal of the
analysis is then to compare the rate of drug ex-
posure between cases and controls. If a significant
difference is identified, then there is evidence of
an association between the drug and the AE. In
some cases, propensity score matching (PSM)[74]

can be used to identify controls that are matched
in probability on a large number of potential
confounders to the cases. A major limitation of
case-control studies in drug surveillance is that
the available potential confounders are often in-
adequate for matching the cases and controls in
terms of severity of illness. As such, the resulting
comparison may still represent confounding by
selection (i.e. sicker patients are more likely to be
treated and exhibit the AE). Gibbons et al.[75]

have shown that despite balancing observed co-
variates, pre-treatment suicide attempt rates re-
mained unbalanced despite PSM in a large sample
of bipolar patients treated with an AED.

A cohort study identifies a sample from a well
defined population based on predetermined cri-
teria. The cohort can be defined in terms of an
illness (e.g. major depressive disorder [MDD]) or
based on an exposure (e.g. all patients taking an
SSRI), both within a given timeframe. Analysis
can be restricted to ‘new cases’ who have not been
diagnosed or treated for some fixed period of
time. The cohort study can be designed to have a
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fixed time window before and after the indication
(either diagnostic date or first treatment date) so
that a pre-treatment base-rate can be estimated.

Within-subject cohort studies are those in which
the same patients are repeatedly measured over
time, typically before and after initiating drug
treatment. The basic idea is to compare the rate
of a non-fatal AE (e.g. suicide attempt) before
and after exposure to the drug. The strength of
the design is that it is restricted to only those
patients who ultimately take the drug, thereby
minimizing selection effects. However, in the case
of depression and suicidal behaviour or ideation,
a limitation of the design is that the natural
course of the disease (e.g. decrease in the severity
of depressive symptomatology over time) can
become confounded with the pre-post nature of
the design. In some cases, the emergence of the
AE may even lead to treatment. For example, a
suicide attempt may lead to the identification of
the depressive disorder that may in turn lead to
treatment. By the ‘regression to the mean’ effect
alone, we would expect the AE, on average, to
decrease, and this decrease could incorrectly be
attributed to a protective effect of the drug. Per-
son-time logistic regression models can be used to
adjust for such confounding.[76]

Between-subject cohort studies involve com-
parison of patients who took the drug versus those
who did not. In certain cases, it may be useful to
compare monotherapy versus no therapy, at least
with respect to the other drugs within the class. In
other cases in which polytherapy is the norm,
concomitant drug therapy can be statistically ad-
justed for. The importance of considering mono-
therapy is that patients using multiple drugs
within the same class may be of greater initial
severity and/or treatment resistant and may, in
general, have higher rates of AEs. If monother-
apy only is considered, we must consider the pos-
sibility that some monotherapies may require
additional treatments whilst others do not, which
can lead to selection bias. The primary limitation
of between-subject designs is that they may be
subject to confounding by indication. In general,
more severely ill patients will be treated with
pharmacotherapy; therefore, we would expect
them to have a greater incidence of AEs that are

related to the severity of illness. PSM can be
helpful for reducing bias, but only to the extent
that the potential confounders are known and
measurable.

3.5 New Statistical Approaches

Differential effects[77] attempts to provide an
unbiased comparison of two treatments or treat-
ment versus no treatment by stratifying on con-
comitant treatment. Consider a comparison of
SSRIs versus TCAs in terms of suicidal attempts.
First, rates of suicide attempts are compared in
depressed patients who received either an SSRI
or a TCA, but not both. Second, suicide attempt
rates are compared for patients who received
SSRIs plus psychotherapy or TCAs plus psycho-
therapy, but not both. If SSRIs are stimulating
suicidality, when they are present in the drug mix,
we would expect to see an excess of suicide at-
tempts, otherwise this pattern is compatible with
confounding by indication.

Person-time logistic regression[78,79] allows us
to use drug exposure as a time-varying co-variate
in estimating the hazard rate of an AE on a
month-by-month basis. This analysis can com-
bine patients who did not take the drug with non-
medication months for other patients who did
take the drug, and compares them with active
treatment months. The model adjusts for month,
which allows determination of whether the risk of
the AE decreases (or increases) over time (e.g. re-
gression effect). Inclusion of a treatment by time
interaction permits non-proportional hazard rates,
an example of which is when the effect of the drug
on suicidal behaviour can change over time.

4. Recent Literature on Drugs and Suicide

4.1 Antidepressants and Suicide

Recent attention regarding antidepressants
and suicide led to a US black-box warning for
children aged <18 years in October 2004. The evi-
dence supporting the warning was a meta-analysis
conducted by the FDA,[34,62] which combined
spontaneous reports of suicidal thoughts and be-
haviours from 25 placebo-controlled paediatric
RCTs of SSRIs and SNRIs. These spontaneous
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reports were made by patients during the course
of their participation in RCTs and are quite dif-
ferent from spontaneous reports that arise in
clinical practice settings. The primary outcome
was suicidal ideation and behaviour, and a higher
rate was found for children treated with antide-
pressants versus placebo (OR 1.78; 95% CI 1.14,
2.77). The suicidal behaviour and ideation mea-
sure was based on spontaneous reports of adverse
events recorded by clinicians during the course of
the studies. The FDA also presented results of an
analysis of prospective data (suicidal ideation or
behaviour rating-scale item), which showed no
effect for emergence (OR 0.93; 95% CI 0.75,
1.15), or emergence and/or worsening of suicidal
thoughts and behaviour (OR 0.92; 95% CI 0.76,
1.11). The disconnection between the prospective
clinician ratings and spontaneous patient reports
has never been adequately explained. The differ-
ence may be due to ascertainment bias in which
children treated with an active medication de-
velop more adverse effects in general than chil-
dren receiving placebo, which leads to increased
contact with medical staff and more opportunity
for reporting suicidal ideation.[80] It has also been
suggested that patients attempting suicide by
overdosing on their study medication will be more
likely to have the suicidal behaviour detected if they
are on active medication relative to placebo.[81]

In January 2006, the FDA conducted a second
meta-analysis[82] of 372 RCTs of antidepressants
(SSRIs and SNRIs) in an adult population (about
100 000). While the overall analysis revealed no
evidence of an association, stratification by age
revealed that for the primary endpoint of suicidal
ideation or behaviour, 18- to 24-year-olds had an
increased risk on medication relative to placebo
approaching significance (OR 1.62; 95% CI 0.97,
2.71); adults aged 25–64 years had a significantly
decreased risk (OR 0.79; 95% CI 0.64, 0.98), and
geriatric patients had a markedly significantly
decreased risk (OR 0.37; 95% CI 0.18, 0.76) on
antidepressants relative to placebo. On the basis
of these results, the FDA extended the black-box
warning to 18- to 24-year-olds. In this analysis,
the FDA did not provide results for the pro-
spective clinician ratings. The majority of events
in these studies were suicidal ideation.

Bridge and colleagues[50] analysed an expanded
set (27 studies) of paediatric RCTs of antidepres-
sant treatment and suicidality, originally analysed
by the FDA.They performedmeta-analyses of both
suicidality and efficacy. The association between
receiving antidepressant treatment and suicidality
was reduced and significant efficacy was found
for all indications.

Gibbons et al.[81] studied a cohort of 226 866
veterans who had a new diagnosis of MDD
without a history of MDD or antidepressant
treatment in the previous 2 years. The sample
considered only patients aged >18 years and was
weighted towards patients >25 years. Compar-
isons of suicide attempt rates were made both
within patients (before and after initiation of
treatment) and between individuals (i.e. compar-
ison of those taking and not taking antidepres-
sant medication). The suicide attempt rate was
significantly lower for patients treated with an
SSRI only (monotherapy) compared with those
without antidepressant treatment (123/100 000
for SSRIs vs 335/100 000 for no antidepressant;
OR 0.37; p< 0.0001). In patients treated with an
SSRI only, the rate of suicide attempts was sig-
nificantly lower after treatment (123/100 000)
than before treatment (221/100 000) [relative risk
0.56; p< 0.0001].

Analyses stratified by age did not confirm the
FDA’s findings of increased suicidality for 18- to
24-year-olds. Comparison of suicide attempt rates
for depressed patients not treated with antidepres-
sants, versus those patients treated with SSRIs
only, yielded consistent estimates of decreased risk
with treatment for patients aged 18–25 years (OR
0.35; 95%CI 0.14, 0.85; p< 0.021), 26–45 years (OR
0.44; 95% CI 0.29, 0.65; p< 0.0001), 46–65 years
(OR 0.42; 95% CI 0.30, 0.59; p < 0.0001) and
>65 years (OR 0.38; 95%CI 0.16, 0.91; p< 0.036).
Differences in suicide attempt rates before and after
treatment initiation were also unrelated to age.[81]

The difference between the VA data and the
FDA data in young adults is not due to differ-
ences in active treatment suicide attempt rates
(477/100 000 VA vs 551/100 000 FDA), but rather
the difference in suicide attempt rates in untreated
patients versus placebo controls (1368/100 000
VA vs 268/100 000 FDA). Lack of treatment in
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an observational study, and receiving placebo in
an RCT appear to be associated with quite dif-
ferent suicide attempt rates. There are several pos-
sible explanations. First, it may be that patients in
RCTs are not representative of the patients seen
in routine practice, and that patients selected for
RCTs are less suicidal. By contrast, in routine
practice, the most suicidal patients may not be
offered antidepressant treatment for fear of ex-
acerbating their suicidal tendencies based on the
recent regulatory attention to this issue. Second,
patients receiving placebo in RCTs may still re-
ceive supportive clinical contact, which decreases
their suicidal tendencies, whereas the patients in
the VA who do not receive medication may not
be receiving any other form of supportive care.
Any of these potential sources of selection can
lead to bias in observational studies.

TheVAdata have been reanalysed using person-
time logistic regression,[76] revealing a significant
decrease in suicide attempt rate during months
with SSRI (monotherapy) treatment (hazard ratio
[HR] 0.17; 95% CI 0.10, 0.28; p= 0.0001). This
compares favourably with the observed data, for
which the monthly suicide attempt rate was
207/805 525 (0.026%) for untreated months and
17/328 648 (0.005%) for treatedmonths, yielding a
raw HR of 0.19. Overall, the suicide attempt
rate decreased with time from the index episode
(see figure 1a). Figure 1b provides the estimated
hazard functions for the non-proportional haz-
ards model (i.e. risk difference varies over time).
Figure 1b reveals that the difference in hazard
rates is largest early in treatment (favouring SSRI
treatment) but hazard rates are essentially equiv-
alent by approximately 9 months following the
index episode.

Recent ecological studies conducted following
the black-box warning revealed that there may
have been unintended consequences of the warn-
ing. Several authors (including the FDA[83]) have
now shown that antidepressant prescription rates
precipitously dropped following the warning.[51,83-85]

Both Gibbons et al.[51] and the CDC[86] docu-
mented increased child and adolescent (5–19 years
of age) suicide rates (a 14% increase) following
the decreases in antidepressant prescriptions.
Libby et al.[87,88] found significant decreases in the

diagnosis of new cases of child and young adult
depression (5–18 years of age) among general
practitioners following the black-box warning
(44% reduction in paediatric patients and 37% for
young adults). Similar studies in the UK did not
identify increases in suicide despite decreases in
antidepressant prescriptions; however, the use of
medication for the treatment of childhood de-
pression in the UK is less than in the US.[89]

In summary, the data suggest that there may
be an association between antidepressant treat-
ment and suicidal ideation in children. However,
large-scale observational studies of suicide at-
tempts have generally failed to replicate these
findings. In adults, the evidence is in the opposite
direction, where most studies find significant de-
creases in suicidality among treated patients.

4.2 Antiepileptic Drugs and Suicide

In addition to antidepressants, other classes of
drugs (e.g. AEDs) have been suspected of having
a relationship with suicide. Epilepsy carries an
elevated risk of suicide and many AEDs are used
as mood stabilizers in bipolar disorder or may
have antidepressant properties, so the effect of
AEDs on suicidal behaviour is of importance.
The FDA conducted a meta-analysis of 199 pla-
cebo-controlled trials including 43 892 patients
(27 863 in drug treatment groups and 16 029 in
placebo groups) for the AEDs gabapentin, di-
valproex, felbamate, lamotrigine, levetiracetam,
oxcarbazepine, pregabalin, tiagabine, topiramate,
zonisamide and carbamazepine. Suicidal ideation
or behaviour was reported by 0.43% of treated
patients versus 0.22% of patients receiving pla-
cebo. Although the FDA concluded that the risk
was ‘generally consistent’ across the 11 AEDs,
examination of the data indicates that this does
not seem to be the case. Topiramate (27 events)
and lamotrigine (40 events) had 61% of all of
the events, but only represented 38% of the
data. Individually, these two drugs showed
significant association with suicidality (lamo-
trigine: OR 2.08; 95% CI 1.03, 4.40 and topir-
amate: OR 2.53; 95% CI 1.21, 5.86), whereas
none of the other AEDs did (OR 1.13; 95% CI
0.65, 1.95).[90]
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Goodwin et al.[91] studied 20 638 bipolar dis-
order patients from two large integrated health
plans from California and Washington. Suicide
attempt rates were significantly higher for di-

valproex versus lithium (31.3/1000 vs 10.8/1000
person-years [PY]). Completed suicide rates were
also higher for divalproex versus lithium (1.7/1000
vs 0.7/1000). There was no adjustment for previous
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Fig. 1. Comparison of selective serotonin reuptake inhibitor (SSRI) monotherapy vs no antidepressant for suicide attempts over time. (a)
proportional hazards model; (b) non-proportional hazards model.[76]
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suicide attempts or comparison with untreated
controls.

Collins and McFarland[92] compared suicide
completion and attempt rates between lithium,
gabapentin, divalproex and carbamazepine in
a cohort of 12 662 bipolar patients from an Ore-
gon Medicaid medical claims database. There were
11 suicides and 79 attempts. Relative to lithium,
divalproex had a higher suicide attempt rate, and
gabapentin had a higher rate of suicide com-
pletion. In the absence of untreated controls, it is
unclear whether lithium is protective or the
AEDs are harmful. There may also be con-
founding with lack of treatment response and/or
pain, leading to use of an AED.

Gibbons et al.[75] studied a cohort of 47 918
patients with bipolar disorder with a minimum of
a 1-year window of information before and after
the index date of their illness. The primary anal-
ysis was restricted to patients receiving mono-
therapy with 1 of the 11 AEDs or lithium.
Overall, there was no significant difference in
suicide attempt rates between AED treatment
(13/1000 PY) versus no AED (or lithium) treat-
ment (13/1000 PY). In AED-treated subjects, the
rate of suicide attempts was significantly higher
prior to treatment (72/1000 PY) than after treat-
ment (13/1000 PY). In patients receiving no con-
comitant treatment with an antidepressant, other
AED or antipsychotic, AEDs had a significantly
lower rate of suicide attempts relative to the un-
treated controls (3/1000 PY vs 15/1000 PY). A
person-time logistic regression adjusting for age,
sex, previous suicide attempt, month, concomitant
antidepressants, antipsychotics and other AEDs
found significantly decreased suicide attempt risk
with AED treatment (OR 0.59; 95%CI 0.47, 0.75;
p< 0.0001), which was even larger in the 662
patients with prior attempts (OR 0.35; 95% CI
0.17, 0.74; p < 0.005). These results have recently
been replicated for both suicide attempts and
completions,[93] and in a cohort of over 130 000
patients taking gabapentin.[94]

Patorno et al.[95] compared the 11 AEDs for
risk of suicide attempts, completion and violent
deaths. In addition to co-variate adjustment, the
authors used pair-wise 1 : 1 high-dimensional
PSM for each of the ten AEDs relative to a ref-

erence AED (topiramate). The key assumption
is that PSM will produce drug groups that are
equivalent on all measured and unmeasured
confounders, such that residual differences repre-
sent differential drug effects. This is a very diffi-
cult assumption to verify. While we can determine
success of the algorithm for measured confounders,
hidden bias in terms of unmeasured confounders
cannot be verified.[96]

Their analysis revealed that gabapentin, lamo-
trigine, oxcarbazepine, tiagabine and valproate
had higher overall rates (primarily attempts) than
topiramate.However, in the absence of an untreat-
ed comparison group, the between-drug differ-
encesmay simply represent differences in the degree
of possible protective effects of these drugs.[75]

There are large differences among these 11AEDs
in rates of suicidal behaviour prior to treatment.[75]

PSM was used to match AED-treated and un-
treated patients on a large number of potential
confounders.[75] While PSM brought about bal-
ance for themeasured confounders, pre-treatment
suicide attempt rate remained twice as high in
patients whowere ultimately treated with anAED
(71/1000 PY) versus those who were not (38/1000
PY; p< 0.004).[75] Had this difference occurred
after treatment, it would have been interpreted as
increased risk of suicidal behaviour associated
with AED treatment, when in fact it simply rep-
resents failure of PSM to eliminate bias.

Finally, matched samples are generally not
representative, and large differences in incidence
can be found depending on which drug is selected
to be the reference. Patorno et al.[95] used topir-
amate as a primary reference drug and carba-
mazepine as a secondary reference drug. When
topiramate was compared with carbamazepine
(reference drug) in patients with epilespsy, the
suicide attempt rate for carbamazepine was
41/1000 PY, which was higher than the rate for
topiramate (27/1000 PY). However, when carba-
mazepine was compared with topiramate (refer-
ence drug), the rate for carbamazepine was
4/1000 PY, which was lower than the rate for
topiramate (6/1000 PY). Even comparisons be-
tween the same two drugs can yield large differ-
ences in incidence and even direction, depend-
ing on which drug is selected as the reference,
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because quite different subsets of patients are
included.

Olesen et al.[97] conducted a case-crossover
study in which the rate of AED treatment was
compared during 30 days prior to death versus
two control periods (60–90 days and 90–120 days
prior to suicide). The authors concluded that
clonazepam, valproate, lamotrigine and pheno-
barbitone (phenobarbital) may increase the risk
of suicide relatively shortly after the initiation
of treatment, whereas none of the other AEDs
conferred such risk. It is unclear whether the
increased risk was due to increased severity of
illness during the 30 days prior to suicide (which
coincided with increased treatment intensity) or
to exposure to the AED. These authors also con-
ducted a cohort study in which they compared
suicide rates between the 11 AEDs versus carba-
mazepine as a reference. Clonazepam, valproate,
lamotrigine, phenobarbitone and levetiracetam
were all significantly associated with higher sui-
cide rates when compared with carbamazepine.
This cohort study is similar to the drug-to-drug
comparison study conducted by Patorno et al.[95]

and also suffers from the absence of an untreated
control comparison group. In addition, there is
little overlap between the drugs found to have
elevated suicidality rates in the two studies.

VanCott et al.[98] conducted a case-control
study of an elderly VA population who received
new prescriptions for AED monotherapy (n =
112 096). Cases were defined as exhibiting suici-
dal ideation or behaviour. Twelve controls were
selected for each case and were matched in terms
of history of suicide-related behaviours prior to
AED treatment, the first year of AED treatment
and diagnosis of epilepsy. The case-control sam-
ple consisted of 832 individuals (64 cases with
suicidality and 768 controls). In this study, ga-
bapentin was used as the reference medication.
Results of the analysis revealed that the strongest
predictor of suicide-related behaviour was having
an affective disorder. Patients prescribed newer
AEDs (levetiracetam or lamotrigine) had sig-
nificantly increased suicidality risk compared
with gabapentin (OR 10.2; 95% CI 1.1, 97.0).

In summary, these studies do not suggest that
AEDs as a class are associated with increased risk

of suicidality relative to patients not treated with
AEDs. The FDA’s meta-analysis appears to have
been driven by topiramate and lamotrigine, and
their conclusion that the risk was generally simi-
lar across the 11 AEDs is not supported by their
data. Furthermore, the recent drug-to-drug com-
parisons[95,97,98] all show significant differences
between AEDs in suicidality risk, which also con-
tradicts the FDA’s conclusions regarding simi-
larity of the association across all AEDs. The most
consistent effect appears to be for lamotrigine,
which had a significantly higher suicidality rate
relative to placebo in the FDA’s study and con-
sistently higher than the various active AED re-
ference drugs in the more recent drug-to-drug
comparison studies. The absence of untreated con-
trols, however, limits our ability to conclude that
these between-drug differences represent increased
risk relative to what would be observed without
AED treatment. The study byGibbons et al.[75] did
include untreated control conditions and failed
to identify increased risk of AEDs as a group
in bipolar patients who are at the highest risk of
suicidality among those treated with these drugs.

4.3 Montelukast and Suicide

Montelukast is the most recent drug to be
linked to suicide. The FDA first issued a safety
alert in March 2008, following a media report of
a 15-year-old in New York who killed himself
17 days after starting to take the drug for allergies.

According to the FDA,[90] there was one case
of suicidal ideation but no suicide attempts or
completions out of 9929 montelukast-treated pa-
tients across 41 placebo-controlled trials. There
were no events among 7780 placebo patients. No
events were found for 7540 zafirlukast-treated
patients in 45 placebo-controlled clinical trials,
but two events were observed for placebo. No
events were found in 1745 zileuton-treated or 1063
placebo-treated patients in 11 clinical trials. The
FDA’s conclusion from this analysis was that,
while these data do not suggest that montelukast,
zafirlukast or zileuton are associated with suicide
or suicidal behaviour, these clinical trials were
not designed specifically to examine neuropsychia-
tric events.
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A separate review of placebo-controlled pae-
diatric studies of montelukast found similar re-
sults.[99] Among 2751 paediatric patients in four
placebo-controlled RCTs there were no neuro-
psychiatric AEs.

The literature contains few data to support the
FDA precaution. After the initial FDA alert was
issued, Holbrook and Harik-Khan[100] analysed
the association between montelukast and depres-
sion based on data from three previously pub-
lished RCTs involving 504 patients exposed to
montelukast. Using emotional well-being as a
marker for depression, they reported no evidence
of a negative effect from montelukast and no
cases of psychiatric disturbances, suicide or de-
pressive episodes.

Jick et al.[101] conducted a population-based
cohort study using data from the UK General
Practice Research Database (GPRD). The in-
vestigators identified 23 500 patients exposed to
one or more prescriptions for montelukast from
February 1998 to March 2007, representing
21 050 PY at risk. Only one case of suicide was
identified; this was in a woman who had been
prescribed a single 28-day course of montelukast
approximately 2 years prior to her death.

In summary, there does not appear to be any
strong evidence in support of an association
between montelukast and suicide. It should be
noted, however, that asthma is a risk factor for
suicidal ideation, attempts and completion,[102]

leading to confounding by indication for drugs
such as montelukast as well.

4.4 Varenicline and Suicide

While varenicline may be the most effective
smoking cessation agent currently available on
the market, it has also been suspected of having a
link to depression and suicide.[103,104] In December
2007, following spontaneous reports of depres-
sion and suicidal thoughts, the UK Medicines
and Healthcare products Regulatory agency
(MHRA) issued a warning concerning increased
risk of suicidality. In July 2009, the FDA issued a
black-box warning on varenicline and suicidality.
By April 2009 theMHRA had received reports of
14 suicides in people taking varenicline. Gunnell

et al.[105] showed that rates of spontaneous reports
of suicide-related events increased dramatically
following early regulatory actions. Patients who
smoke have two to three times the risk of suicide
relative to non-smokers,[106,107] making it more
difficult to identify an association.

Hughes[103] provided a review on smoking and
suicide, which included a review of the published
trials of varenicline. Among the 2183 smokers
exposed to varenicline in published trials, several
AEs were more common with varenicline than
placebo but suicide and depression were not cited
as common AEs.[108,109] The two studies that re-
ported on post-cessation mood reported vareni-
cline improved mood compared with place-
bo.[110,111] One trial reported a suicide in the
placebo group.[112] Another trial reported a sui-
cide in the varenicline group in a participant with
a past history of depression.[113]

Gunnell et al.[105] conducted a cohort study
comparing reports of suicidal thoughts, depres-
sion, and fatal and non-fatal self-harm in patients
taking nicotine replacement products (n= 63265),
varenicline (n = 10 973) and bupropion (6422).
Compared with nicotine replacement products,
the HR for self-harm for patients prescribed
varenicline was 1.12 (95% CI 0.67, 1.88) and 1.17
(95% CI 0.59, 2.32) for patients prescribed bu-
propion. Similarly, there was no evidence that
varenicline was associated with increased rates of
depression (HR 0.88; 95% CI 0.77, 1.00) or sui-
cidal thoughts (HR 1.43; 95% CI 0.53, 3.85).
These findings are particularly important given
the long-term health benefits of smoking cessa-
tion and the documented efficacy of varenicline
as an aid to smoking cessation.

Kasliwal et al.[114] used prescription event
monitoring (PEM; a survey of physicians who
prescribed varenicline) to study the adverse event
profile for varenicline. This form of postmarket-
ing surveillance is active rather than passive and
has the advantage of a denominator indicating
the number of patients at risk. The weakness of
PEM is that not all physicians who prescribe the
drug of interest return the questionnaire. Their
cohort consisted of 2682 patients. Two cases of
attempted suicide were reported during treat-
ment, both of which were in patients who had a
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previous history of psychiatric illness and pre-
cipitating factors for the suicidal event.

In summary, there does not appear to be any
strong evidence in support of an association be-
tween varenicline and suicide. It is unclear from
our review whether adverse event data from the
original RCTs have been analysed with respect to
the emergence of suicidality.

4.5 Antipsychotics and Suicide

Approximately 50% of patients with schizo-
phrenia or schizoaffective disorder attempt suicide,
and approximately 10% die as a result of sui-
cide.[115] Unlike other CNS drugs, much of the
evidence for antipsychotics and suicide suggests
protective effects. Khan et al.[116] found no dif-
ference in rates of suicide and attempted suicide
between placebo and active treatment in a sample
of 10 118 subjects from worldwide phase I–III
RCTs of risperidone, olanzapine and quetiapine
fumarate. Herings and Erkens[117] studied 603 pa-
tients with schizophrenia in terms of uninterrupted
versus interrupted use of two antipsychotics
(olanzapine and risperidone), where suicide at-
tempt rates were 20/1000 versus 72/1000 PY for
uninterrupted versus interrupted use respective-
ly). These data reveal that patients who do not
refill their prescriptions for atypical antipsychot-
ics are at higher risk for suicide attempts. Meltzer
et al.[115] found significantly decreased risk of
suicidal behaviour with clozapine versus olanza-
pine (HR 0.76; 95% CI 0.58, 0.97) in a large
multicentre RCT of schizophrenic patients at
high risk for suicide attempt. This is one of the
few studies designed to examine differential drug
effects on suicidal events. Early studies in mood
disorders[118] suggest that flupenthixol may re-
duce suicide risk. In studies of borderline per-
sonality disorder, Soloff et al.[119] did not find
consistent evidence that antipsychotics reduced
the rate of suicide attempts, but they also did not
find that they increased the risk.

5. Discussion

Based on this review, there appears to be sur-
prisingly little evidence in support of associations

between drugs and suicidality. The FDA’s meta-
analysis of 372 adult studies failed to identify a
positive association between antidepressants and
suicide in adults over 24 years of age. In fact,
significant decreases in suicidality rates were ob-
served, the magnitude of which increased with
age. Large-scale cohort studies confirm these re-
sults and indicate that the highest period of risk
is prior to initiating antidepressant treatment.
A signal for AEDs and suicidality (primarily
ideation) has been identified by the FDA. Dif-
ferences between AEDs and suicide attempts and
completions have been found,[95] which differs
from the FDA’s conclusion that the effects on
suicidality were generally similar across AEDs.
Given the different indications for which AEDs
are used, it is not surprising to find difference in
suicidality rates between AEDs. In contrast, a
large cohort study of bipolar patients[75] found no
evidence of increased suicide attempt rates either
within (before and after treatment) or between
(treated vs non-treated) patients. These differences
could be due to differences in outcomes studied
(i.e. suicidal behaviour vs primarily ideation),
duration of observation that is longer in the ob-
servational studies, and the exclusion of more
suicidal patients from RCTs. With respect to the
other drugs for which associations with suicide
have been suspected (montelukast, varenicline,
antipsychotics), the evidence is based largely on
small numbers of spontaneous reports and has
not been substantiated in either large-scale co-
hort studies or RCTs.

This leaves us with a possible association be-
tween antidepressants and suicidal thoughts and
behaviour in children and young adults. For
18- to 24-year-olds, the FDA identified a small
positive association but this was not confirmed
in a large VA cohort study.[81] In children, the
FDA identified a positive association from RCT
data, which became borderline with the addition
of two new studies overall and not significant
within individual indications.[50] In the FDA
analysis, prospective ratings of suicidal thoughts
and behaviour did not show evidence of an as-
sociation for either emergence or worsening of
suicidal thoughts and behaviour. A large cohort
study of depressed children also failed to identify
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a risk for antidepressants. Finally, large reduc-
tions in antidepressant prescriptions both in the
US and around the world did not show any evi-
dence of associated decreases in suicide rates. In
fact, suicide rates in children increased following
public health advisories in early 2004 that led to
significant decreases in antidepressant prescrip-
tion rates in children. No increase was observed
in the population over age 60 years where anti-
depressant prescriptions continued to increase.
If the association identified by the FDA is real,
then it is likely restricted to ideation and does not
increase the rate of suicide attempts or com-
pletion. Further prospective work is required to
verify their earlier results.

From a statistical and methodological per-
spective, the field of pharmacoepidemiology is a
fertile area for statistical research, both in theory
and in application. This review has shown that, in
general, methods have been adopted from other
areas such as general epidemiology, despite the
singular nature of many of the problems that are
unique to drug safety in general and the study of
rare events in particular. The use of person-time
models – which adjust for the natural course of
the disorder and its relationship to an adverse
event of interest (e.g. suicidal events), regression
effects and complex patterns of utilization – is a
new method that appears to be uniquely suited to
the analysis of pharmacoepidemiological data.
Better methods are needed for large-scale screening
of drug-AE interactions, which can then be con-
firmed using more intensive observational and/or
experimental studies. Extending screening beyond
the traditional spontaneous reporting system
studies to large-scale integrated medical records
and claims databases is certainly a fruitful direc-
tion for future research and practice. Applying
and/or developing new methods for deriving
causal inference from observational pharmaco-
epidemiological data should be a major priority
for statistical research in this internationally im-
portant field of study.

Finally, there is considerable debate concern-
ing the strength of evidence needed to take reg-
ulatory action on a potentially lethal ADR. It
should be obvious that such evidence need not be
as convincing as that required for efficacy; how-

ever, exactly where the threshold should lie for
such actions remains unclear. For suicide, reg-
ulatory action has been taken largely on the basis
of evidence suggesting increased risk of suicidal
thoughts. However, suicidal thoughts are quite
common among patients with depression and
may have little relationship to suicidal behaviour
and/or completion. The lack of positive impact
that the black-box warning has had on suicide
completion rates for children and adolescents in
the US further suggests a disconnection between
suicidal thoughts and completion. Better integra-
tion of both experimental and well analysed ob-
servational data based on more proximal end-
points (e.g. suicide attempts and completion) will
help better articulate the risks of treatment and
lead to a better identification of the threshold at
which regulatory action should be taken. In addi-
tion, the prospective use of new and more com-
prehensive suicide measurement instruments[80] in
the context of RCTs will also lead to improved
detection of suicide-related ADRs. Further re-
search on the communication of risk is critical.

6. Conclusions

Overall, there appears to be little evidence that
drugs increase the risk of suicide and related be-
haviour. Numerous lines of evidence in adults
clearly demonstrate that inadequate or no treatment
of depression (pharmacotherapy and/or psychother-
apy) is associated with increased risk of suicidal
behaviour. In children, the results are less clear
and further study is required to better delineate
which children benefit from treatment and who
may be at increased risk as a consequence of
treatment. From a statistical and methodological
perspective, the field of pharmacoepidemiology is
a fertile area for statistical research, both in the-
ory and in application. In general, methods have
been adopted from other areas such as general
epidemiology, despite the singular nature of many
of the problems that are unique to drug safety in
general and the study of rare events in particular.
Finally, there is considerable debate concerning
the communication of risk. For suicide, regulatory
action has been taken largely on the basis of evi-
dence suggesting increased risk of suicidal thoughts.
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However, suicidal thoughts are quite common
among patients with depression, and, especially
in youth, may have a more distant relationship to
suicidal behaviour and/or completion. The devel-
opment of new experimental designs and analytical
tools will help future studies specifically target sui-
cidal behaviour and completion, and address this
very important worldwide public health concern.
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