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Abstract

Objectives: Bipolar disorder is associated with elevated risk of suicide attempts and deaths. Key aims of the Interna-
tional Society for Bipolar Disorders Task Force on Suicide included examining the extant literature on epidemiology,
neurobiology and pharmacotherapy related to suicide attempts and deaths in bipolar disorder.

Methods: Systematic review of studies from | January 1980 to 30 May 2014 examining suicide attempts or deaths in
bipolar disorder, with a specific focus on the incidence and characterization of suicide attempts and deaths, genetic and
non-genetic biological studies and pharmacotherapy studies specific to bipolar disorder. We conducted pooled, weighted
analyses of suicide rates.

Results: The pooled suicide rate in bipolar disorder is 164 per 100,000 person-years (95% confidence interval=
[5, 324]). Sex-specific data on suicide rates identified a 1.7:1 ratio in men compared to women. People with bipolar
disorder account for 3.4—14% of all suicide deaths, with self-poisoning and hanging being the most common methods.
Epidemiological studies report that 23—26% of people with bipolar disorder attempt suicide, with higher rates in clinical
samples. There are numerous genetic associations with suicide attempts and deaths in bipolar disorder, but few replica-
tion studies. Data on treatment with lithium or anticonvulsants are strongly suggestive for prevention of suicide attempts
and deaths, but additional data are required before relative anti-suicide effects can be confirmed. There were limited data
on potential anti-suicide effects of treatment with antipsychotics or antidepressants.

Conclusion: This analysis identified a lower estimated suicide rate in bipolar disorder than what was previously pub-
lished. Understanding the overall risk of suicide deaths and attempts, and the most common methods, are important
building blocks to greater awareness and improved interventions for suicide prevention in bipolar disorder. Replication
of genetic findings and stronger prospective data on treatment options are required before more decisive conclusions
can be made regarding the neurobiology and specific treatment of suicide risk in bipolar disorder.
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Introduction

The tragedy of suicide is not unique to bipolar disorder
(BD), but it is an inescapable reality that people who strug-
gle with the illness are at elevated risk of suicide attempts
and suicide (Chen et al., 2009; Crump et al., 2013; Dennehy
etal., 2011; Hoyer etal., 2000; Nordentoft et al., 2011;
Novick et al., 2010; Osby et al., 2001; Singhal et al., 2014;
Tondo et al., 2003). To better understand this issue, the
International Society for Bipolar Disorders (ISBD)
launched a special task force with the goals of summarizing
the rapidly expanding literature on suicide attempts and
suicide deaths in BD, and contributing new data when pos-
sible. The ISBD Task Force on Suicide in BD included 20
experts from across 12 countries and focused on four key
areas of review: (1) epidemiology and characteristics of
suicide attempts and suicide in BD, (2) identifying factors
associated with greater likelihood of suicide attempts or
suicide in people with BD, (3) neurobiological correlates of
suicide attempts and deaths in BD and (4) clinical interven-
tions for BD as they pertain to impact on likelihood of sui-
cide attempts or deaths. This specific article provides an
introduction to the work of the task force, and reports on the
findings in the areas of epidemiology, neurobiology and
pharmacotherapy studies.

While other excellent reviews have been published over
the years on suicide attempts and deaths in BD (Baethge
and Cassidy, 2013; Gonda et al., 2012; Hawton et al., 2005;
Malhi et al., 2013; Mathews et al., 2013; Pompili et al.,
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2013; Yerevanian and Choi, 2013), this paper provides an
important contribution to the literature by being an updated
review on the topic, and conducting pooled analyses of sui-
cide rates that include large studies that were not part of
prior analyses (Novick et al., 2010; Tondo et al., 2003).

Models for understanding suicide attempts and deaths in
people with BD can be enhanced by incorporation of diag-
nosis-specific neurobiological data. The vast literature on
the neurobiology of suicide and suicidal behavior has been
extensively reviewed in other publications (Mann and
Currier, 2010; Pandey and Dwivedi, 2010; Stanley and
Stanley, 1989; Turecki etal., 2012; Van Heeringen and
Mann, 2014); however, most studies have not specifically
examined BD samples. Based on the understanding that the
underlying neurobiology of BD is at least partially distinct
from other major psychiatric conditions (Anderson et al.,
2013; Fillman et al., 2014; Lan et al., 2014), it would be
important to examine the neurobiology of suicide attempts
and suicide deaths specific to BD samples. Rather than
extrapolate findings from the broad literature on neurobiol-
ogy of suicide that may be relevant to BD (Mathews et al.,
2013), we chose to focus on studies specific to BD samples
or when subjects with BD comprised the majority of the
study population.

In a similar vein, there are numerous available clinical
treatment guidelines for the management of BD (Goodwin,
2009; Grunze et al., 2009, 2010; Yatham et al., 2013), but
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these generally do not specifically discuss suicide preven-
tion in a comprehensive manner. Clinical interventions
related to suicide prevention include a broad range of strat-
egies, both non-pharmacological and pharmacological. We
sought to review the literature specifically focused on
patients with BD, while acknowledging that many impor-
tant aspects of suicide prevention are not necessarily
diagnosis-specific.

Methods
Overall ISBD Task Force

Members of the ISBD Task Force on Suicide identified four
key areas for review based on clinical and research rele-
vance in BD: (1) epidemiology and characteristics of sui-
cide attempts and suicide deaths, (2) associated clinical
factors, (3) neurobiological correlates and (4) clinical inter-
ventions. Each area was reviewed by a work group com-
prising authors with particular expertise. Work groups
provided a summary of the literature that was framed within
a systematic review. We conducted a PubMed search of
articles using keywords ‘bipolar disorder’ and ‘suicide
attempts or suicide’ published between 1 January 1980 and
30 May 2014. This was supplemented by manual examina-
tion of reference lists of articles, recently published reviews
on suicide or suicide attempts in BD (Baethge and Cassidy,
2013; Chesin and Stanley, 2013; Hauser et al., 2013; Malhi
etal., 2013; Pompili et al., 2013; Saunders and Hawton,
2013; Yerevanian and Choi, 2013), and data available from
the members own research groups. Studies were only
included if they contained data specific to BD, as evidenced
by BD being present in >80% of the entire sample, or a
well-defined sub-sample with separately reported data. BD
was defined by Diagnostic and Statistical Manual of
Mental Disorders (DSM) or International Classification of
Diseases (ICD) criteria at the time in which the studies
were conducted. We only included data that examined sui-
cide attempts or suicide deaths, as studies solely examining
suicidal ideation (SI) or non-suicidal self-injury were
beyond the scope of the review. There were no limitations
on the methodological designs of the studies reviewed,
which included retrospective and prospective clinical stud-
ies, epidemiological surveys, analyses of health care
administrative databases and reviews of suicide deaths.
Using the Preferred Reporting items for Systematic
Reviews and Meta-Analyses (PRISMA) framework for
systematic review (Moher et al., 2009), we identified 1816
articles + 2 additional conference abstracts which were
screened for inclusion and exclusion criteria, resulting in
364 full texts being assessed for eligibility by two investi-
gators (A.S. and C.R.), with any discrepancies discussed.
Two of these studies were included after task force mem-
bers provided additional unpublished data on published
studies that permitted satisfaction of eligibility criteria. In

all, 127 articles were subsequently excluded based on the
same criteria, resulting in 237 studies determined eligible
for inclusion in the review.

Statistical analyses of suicide rates

In addition to a summary of the overall literature, all studies
that specifically reported on rates of suicide within a BD
sample were pooled by sample size and exposure years to
calculate overall suicide rates.

We calculated pooled suicide rates weighted by sample
size and weighted by exposure years (per 100 person-years)
with 95% confidence intervals (CIs). A pooled suicide rate
by sample size was calculated by assigning each study a
weighting based on the number of subjects in that study as
a percentage of the entire sample of studies, and calculating
a weighted pooled suicide rate by sample size. Pooled sui-
cide rate by exposure years was calculated by assigning
each study a weighting based on the number of person-
years (product of sample size X average duration of the
study monitoring period) in that study as a percentage of
the entire number of person-years of all studies, and calcu-
lating a weighted pooled suicide rate by exposure years.
Both types of pooled analyses were reported to facilitate
comparison with the available literature, which varies in
methodology. We further calculated pooled suicide rates
separately for men and women, using all studies in which
sex-specific data was available.

Results
Section A: epidemiology

Suicide rates among persons with bipolar disorder. Based on
articles published from 1945 to 2001, Tondo et al. (2003)
conducted a pooled analysis of 28 studies that reported a
3.9% rate of suicide (828/21,484 BD subjects) during a
mean follow-up of 9.93 years. This translated into a suicide
rate of 0.395 per 100 person-years (95% CI=[0.321, 0.469])
and a standardized mortality ratio (SMR) compared to the
general population of 22.1 (95% CI=[20.0, 24.1]). Since
2001, there have been a number of large studies that supple-
ment the data on suicide rates in BD, and the results of our
updated pooled analyses are shown in Table 1. The two
largest recent studies took place in the United States and
Britain. Among 32,360 BD subjects from US health data-
bases, 0.23% died from suicide during a median follow-up
of 2.7 years, resulting in a suicide rate of 0.084 per 100-per-
son years (Simon et al., 2007). A similar suicide rate of 0.08
per 100 person-years (Osborn et al., 2008) was reported
among 10,742 BD subjects in the UK general practice
research database during a median follow-up of 4.7 years.
Mostly, other large studies since 2001 provide similar
results (Dennehy et al., 2011; Dutta et al., 2007; Gonzalez-
Pinto et al., 2011; Nordentoft et al., 2011), with suicide rates
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Table |. Pooled suicide rates (weighted) for people with bipolar disorder.

Exposure?
(person-
years)

Suicide rate (per
100 person years)

Suicide rate—
Male (per 100
person years)

Suicide rate—
Female (per 100
person years)

Morrison et al.
Martin et al.

Weeke and Vaeth
Black et al.

Dingman et al.

Friis et al.

Newman and Bland
Sharma and Marker
Koukopoulos et al.
Thies-flechtner et al.
Angst et al.
Bocchetta et al.
Brodersen et al.
Kallner et al.
Kleindiesnt and Greil
Osby et al.
Gladstone et al.
Dutta et al.

Simon et al.

Tondo et al.
Osborn et al.

ligen et al.

Dennehy et al.

Sani et al.
Gonzalez-Pinto et al.
Nordentoft et al.
Total by Study

Pooled (by sample
size)

Pooled (by
exposure years)

1982
1985
1986
1988
1988
1991
1991
1994
1995
1996
1998
1998
2000
2000
2000
2001
2001
2007
2007
2007
2008
2010
2011
2011
2011
2011

95% Cl: confidence interval.
2Exposure years: sample size multiplied by duration of follow-up. For Osborn et al. (2008), Nordentoft et al. (201 1) and Sani et al. (201 1), we used
mean duration of follow-up for the entire study sample, not specifically for those with bipolar disorder (the latter not being available).

®Pooled mean, weighted by sample size, with 95% ClI.
‘Pooled mean, weighted by exposure years, with 95% CI.
995% Cl range included <0 was recorded as 0.

No. of Duration
suicides (years)
12/443 8.5
0/19 9
17/417 7
7/586 7
1719 15
2/14 7
19/1429 4.8
9/472 9
5/89 28
8/146 2.5
11/220 28
5/47 5.6
7/61 6
7/106 8.2
1/85 2.5
672/15,386 .1
5/813 5
8/235 18.8
73/32,360 27
22/843 5.8
41/10,742 4.7

683/96,099 7

8/4360 1.3
57/1765 2.9
3/169 10
175/5927 18

1858/172,852 8.5

3766
171
2919
4102
285

98

6859
4248
245

365
6160
263

976

869

213
170,615
4065
4422
87,372
4889
50,487
672,693
5668
5119
1690
106,686
1,145,245

0.319
0.000
0.582
0.171
0.351
2.041
0.277
0.212
2.043
2.192
0.179
1.900
0.717
0.805
0.471
0.393
0.123
0.181
0.084
0.450
0.080
0.102
0.141
1.114
0.178
0.164

0.151° (0.023-0.471)

0.498

0.369

0.171
0.686

0.252

1.458

0.210

0.324 (0-0.820)

0.323

0.040

0.071
0.257

0.065

0.869

0.129

0.160 (0-0.472)

0.164<4 (0.005-0.324) 0.366¢ (0-0.762) 0.2174 (0-0.482)
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ranging from 0.08 (Osborn et al., 2008) to 0.18 (Dutta et al.,
2007) per 100 person-years. The exceptions are two large
clinical samples which report much higher rates among BD
inpatients from a private hospital (1.11 suicide deaths per
100 person-years) (Sani et al., 2011) and a specialized mood
disorders outpatient clinic (0.69 suicide deaths per 100 per-
son-years) (Tondo et al., 2007).

The effect of the newer data has been to increase the
total sample size by eightfold and to lower the overall esti-
mated suicide rate from that previously published (Tondo
et al., 2003). Our pooled analysis weighted by sample size
(total n=172,852) identified a suicide rate of 0.151 per 100
person-years (95% CI=[0.023, 0.471]). The pooled analy-
sis weighted by number of exposure years (total of
1,145,245 person-years) identified a suicide rate of 0.164
per 100 person-years (95% CI=[0.005, 0.324]). Using a
smaller sample of only seven studies that included suffi-
cient information to examine sex-effects, the pooled analy-
sis weighted by exposure years identified a suicide rate
among men of 0.366 per 100 person-years (95% CI=[0,
0.762]) and a suicide rate among women of 0.217 per 100
person-years (95% CI=[0, 0.482]). These rates are higher
than the overall rate because only a non-representative sub-
sample of studies reported data by sex.

Bipolar disorder suicides as a proportion of the popula-
tion. Another aspect of suicide data in BD relates to the
proportion of all suicides in a population comprising per-
sons with BD. Large epidemiological samples from Tai-
wan, Japan, United States and Canada reported that
3.4-5.9% of all suicide deaths occurred among people with
BD (Chen et al., 2009; Karch et al., 2006; Schaffer et al.,
2014; Takizawa, 2012). Higher proportions were found in a
large study of US Veterans (9.0% of suicides were among
people with BD) (Ilgen et al., 2010), a national English
sample (9.6% of all suicide deaths) (Clements et al., 2013),
and among psychiatric outpatients (14% of all suicides)
(Brown et al., 2000). A total of 47% of a consecutive Hun-
garian sample of suicide decedents retrospectively diag-
nosed with depression at the time of death were identified
as having BD, mostly type II (Rihmer et al., 1990).

Suicides rates across diagnoses. Comparisons of suicide rates
or SMRs between BD and unipolar depression have shown
mixed results. Four studies reported higher SMRs for sui-
cide in unipolar depression using data from large psychiat-
ric inpatient or prison inmate registries (Baillargeon et al.,
2009; Fazel et al., 2013; Hoyer et al., 2000; (")sby et al.,
2001), while several other studies showed the opposite
result of higher rates in BD among large outpatient, inpa-
tient or broad clinical samples (Ilgen et al., 2010; Norden-
toft etal., 2011; Sani etal., 2011; Singhal etal., 2014;
Tondo et al., 2007). This reinforces the fact that there are
additional moderating factors such as likelihood of hospi-
talization or incarceration, severity of illness, comorbidities

and subject recruitment that likely influence the compari-
sons of suicide risk across mood disorder diagnoses.

Similarly, mixed results have also been reported related
to differences in suicide risk between BD and schizophre-
nia groups. A number of studies report numerically higher
rates of suicide in BD than schizophrenia (Barner-
Rasmussen, 1986; Karch et al., 2006; Osborn et al., 2008;
Sani et al., 2011), such as Osborn et al. (2008) who found
that among 46,136 UK patients with severe mental illness,
the adjusted hazard ratio for suicide death compared to the
general population was 8.74 (95% CI=[5.80, 13.17]) for
the BD group and 7.00 (95% CI=[4.78, 10.25]) for the
schizophrenia group. In two large Asian epidemiological
samples and a study of the Texas prison system (Baillargeon
et al., 2009; Chen et al., 2009; Takizawa, 2012), the oppo-
site trend was reported, with schizophrenia associated with
a numerically higher relative risk or proportion of suicides
compared to BD. While the studies of proportions of sui-
cide by diagnosis are impacted by possible differences in
the prevalence of each diagnosis, overall there is no clear
signal from the literature that BD or schizophrenia are asso-
ciated with substantially different suicide risks.

Specific methods of suicide. There is noteworthy similarity in
the pattern of most common methods of suicide deaths
across large studies in BD. Three studies each examined
methods in >300 BD suicides from Taiwan, Sweden and
the United Kingdom, and reported rates were 31.0-32.5%
for hanging, 24.9-29.8% for self-poisoning and 13.7-
18.9% for jumping (Chen et al., 2009; Hunt et al., 2006;
Osby et al., 2001). Table 2 summarizes the data on method
of suicide deaths reported in nine BD studies across nine
countries.

A study comparing 482 BD suicides in Taiwan to suicide
deaths without a recorded psychiatric diagnosis (Chen
et al., 2009) found that BD suicides were significantly more
likely to occur via jumping (odds ratio [OR]=2.2, 95%
CI=[1.8, 2.7]) and significantly less likely to occur by
charcoal burning (OR=0.5, 95% CI=[0.4, 0.7]). Similarly,
Osby et al. compared 672 BD suicides with suicides from
the general population and found that jumping was signifi-
cantly more common in the BD group. Shooting was less
common in the male BD group compared to males in the
general population and self-poisoning was less common in
the female BD group compared to females in the general
population (Osby et al., 2001). In a large Canadian sample
of suicide deaths, rates of self-poisoning among those with
BD were significantly higher (33.5% vs 17.4%) and rates
of hanging were significantly lower (17.1% vs 29.7%)
(Schaffer et al., 2014).

Isometsi et al. (1994) examined 31 BD suicides for spe-
cific prescriptions used in the 11 suicides that occurred by
self-poisoning and found that 45% used neuroleptics, 18%
used lithium, 18% used a combination of more than two
benzodiazepines and 9% used a tricyclic antidepressant
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Table 2. Summary of international data on method of suicide deaths in bipolar disorder studies.

Hanging Self-poisoning Jumping

Gunshot
wounds (%)

Carbon
monoxide (%)

Charcoal
burning (%)

Stabbing/  Drowning
cutting (%) (%)

(%) (%) (%)
Osby et al. (2001) 31.0 30.0 13.7
N=672 (Sweden)
Chen et al. (2009) 322 24.9 17.4
N=482 (Taiwan)
Hunt et al. (2006) 325 27.4 18.9
N=391 (United Kingdom)
Schaffer et al. (2014) 17.1 335 30.0
N=170 (Canada)
Rihmer et al. (1990) 17.0 53.2 25.5
N=47 (Hungary)
Keks et al. (2009) 46.0 17.0 1.0
N=35 (Australia)
Isometsi et al. (1994) - 35.5 -
N=3I (Finland)
Gos et al. (2009) 28.6 429 -
N=7 (Germany)
Dennehy et al. (2011) 25.0 25.0 =

N=8 (United States)

Osby et al. (2001): n=45 unknown method.
Chen et al. (2009): n= 16 unspecified method.

52

— — 2.7 11.0
0.2 13.5 - 2.1 4.8

= 43 = 6.9
24 1.2 29 29 29

= 17.0 = =

- - 14.3 -

25.0 = = = =

Hunt et al. (2006): Burning (n=7); other =defined as cutting, electrocution, firearms and suffocation (n=22).

Schaffer et al. (2014): n=10 subway, train or car collisions, n=3 fire, burns or electrocution and n=6 plastic bag or helium gas.
Rihmer et al. (1990): other =defined as train, shooting and cutting (n=| each) but diagnosis unknown.

Keks et al. (2009): n=3 unknown method; Jumping specifically ‘in front of vehicle’.

Isometsi et al. (1994): n=20 unspecified method.
Gos et al. (2009): n=1 electric shock.
Dennehy et al. (201 1): n=2 unknown method.

(TCA). Low rates of death due to lethal levels of lithium
(2.9%) was also reported in a Toronto sample of 34 BD
suicide deaths by self-poisoning, with carbamazepine being
much more commonly present in lethal levels (20.6% of
deaths), along with antipsychotics (32.4%), opioids
(29.4%), benzodiazepines (26.5%) and diphenhydramine
(14.7%) (Schaffer et al., 2012).

Frequency of suicide attempts among people with bipolar
disorder. Numerous studies have reported on suicide
attempt frequencies within BD samples, including a meta-
analysis of 24 studies that compared suicide attempts in BD
I and II patients (Novick et al., 2010). The prospective
studies had follow-up periods ranging from 18 months to
44 years and reported an average suicide attempt frequency
0f23.8% in BD I patients and 19.8% in BD II patients. Two
prospective studies published after 2010 show comparable
frequencies: a 22% suicide attempt frequency in a 5-year
follow-up study of a combined BD I and II group (Altamura
et al., 2010) and an 18.3% frequency in a 10 year follow-up
study of BD I patients (Gonzalez-Pinto et al., 2011). The

Systematic Treatment Enhancement Program for Bipolar
Disorder (STEP-BD) sample of 4360 BD subjects had a
4.1% suicide attempt frequency during a mean follow-up
period of 10 months (Dennchy et al., 2011).

The Novick et al. (2010) meta-analysis also included
retrospective data, which yielded slightly higher lifetime
suicide attempt frequencies of 36.3% in BD I patients and
32.4% in BD II. Large retrospective epidemiological stud-
ies published since 2010 have found frequencies of suicide
attempts in BD samples that range from 22.9% to 25.6%
(Merikangas et al., 2011; Sala et al., 2012). Higher frequen-
cies were reported in large clinical samples (Dennehy et al.,
2011; Dervic etal., 2011; Shabani et al., 2013) with the
STEP-BD sample having a retrospective suicide attempt
frequency of 36% (Dennchy et al., 2011). Ryu et al. (2010)
found a low lifetime suicide attempt frequency of 13.1%
among a Korean sample of BD inpatients.

The ratio of suicide attempts to suicide deaths is between
20 and 30 in the general population (Simon and Hales, 2006)
but appears to be lower in BD samples. Tondo et al. (2007)
identified a ratio of 13:1 indicating a lower ratio of attempts/
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deaths by suicide possibly due to stronger intent to die or use
of more lethal methods. A large English study reported a 16:1
ratio in BD, lower than most major psychiatric disorders
other than schizophrenia (Singhal et al., 2014).

Specific methods of suicide attempts in bipolar disorder. Self-
poisoning was the most common method reported in each
study of BD suicide attempters (D’Ambrosio et al., 2012;
De Abreu etal., 2012; Oquendo et al., 2009; Ruengorn
et al., 2012; Ryu et al., 2010; Tsai et al., 1999b). The pro-
portion of suicide attempts by self-poisoning ranged from
29.8% to 80.1%, with a pattern of Asian countries (Thai-
land, Taiwan and Korea) reporting relatively lower propor-
tions (29.8-34.2%) (Ruengorn etal., 2012; Ryu etal.,
2010; Tsai etal.,, 1999b) and other areas of the world
reporting relatively higher proportions (47.5-80.1%)
(D’ Ambrosio et al., 2012; De Abreu et al., 2012; Oquendo
et al., 2009). Other methods cited in at least one study of
BD suicide attempters include -cutting (5.6-22.7%)
(D’ Ambrosio et al., 2012; Oquendo et al., 2009; Ruengorn
etal., 2012; Ryu et al., 2010; Tsai et al., 1999b), jumping
(4.8-13.2%) (D’Ambrosio etal., 2012; Oquendo etal.,
2009; Ruengorn et al.,, 2012; Ryu et al., 2010), hanging
(0.7-26.3%) (D’Ambrosio etal., 2012; Oquendo etal.,
2009; Ruengorn et al., 2012; Ryu et al., 2010), drowning
(0.2-16.7%) (Oquendo et al., 2009; Ruengorn et al., 2012;
Tsai et al., 1999b; Yen et al., 2008), gas inhalation (2.8—
5.7%) (D’ Ambrosio et al., 2012; Tsai et al., 1999b), shoot-
ing (1.4—4.2%) (D’ Ambrosio et al., 2012; Oquendo et al.,
2009), self-immolation (1.3-2.1%) (Oquendo et al., 2009;
Ryu etal., 2010) and intentional car accident (1.4%)
(D’Ambrosio etal.,, 2012). Two studies reported on
attempters using a combination of methods, with a Thai
sample reporting 26.4% using two or more methods (Ruen-
gorn et al., 2012; Ryu et al., 2010).

Several studies compared the frequency of non-violent
vs violent methods, with the latter being less common and
occurring in only 13.2-17.5% of suicide attempts among
BD patients (De Abreu et al., 2012; Tsai et al., 1999b; Yen
et al., 2008); however, there was little consistency across
studies of the definition of violent or non-violent methods.
Lethality of suicide attempts was reported in one study to
be significantly greater among male BD attempters com-
pared to female BD attempters (Zalsman et al., 2006).

Section B: neurobiology

Genetics and completed suicide in BD samples. A total of 16
genes have been shown to be differentially expressed in a
BD suicide group when compared with a BD non-suicide
group. Of these genes, 12 were identified in exclusively BD
samples and 4 in samples with a majority of BD subjects. In
a sample of 45 deaths of people with BD (22 suicides and 23
non-suicide deaths) derived from the Stanley Medical
Research Institute (SMRI) Database, the prefrontal cortex

expression of the following 10 genes were found to be down-
regulated in BD suicides (Kim et al., 2007): transmembrane
4 L six family member 1 (TM4SF1); chitinase 3-like protein
1 (cartilage glycoprotein-39; CHI3L1); empty spiracles
homolog 2 (Drosophila; EMX2); low-density lipoprotein
receptor (LDLR); Zic family member 1 (odd-paired homo-
log, Drosophila; ZIC1); phospholipid scramblase 4
(PLSCR4); zinc fingers and homeoboxes, mRNA; cDNA
DKFZp586B211 (from clone DKFZp586B211; ZHX?2); tis-
sue inhibitor of metalloproteinases (TIMP) metallopeptidase
inhibitor 1 (TIMP1) and neuron navigator 2 (NAV2). In the
same sample, the prefrontal cortex expression of the follow-
ing three genes was up-regulated in BD suicides: tripartite
motif-containing 23 (TRIM23); stress 70 protein chaperone,
microsome-associated, 60 kDa (STCH) and gamma-amino-
butyric acid (GABA) A receptor, alpha 5 (GABRAS).

In a more focused post-mortem genetic analysis of 14
BD suicides also derived from the SMRI database, signifi-
cantly increased expression of acid phosphatase 1 (ACP1)
in Brodmann area 46 was identified among those that died
by suicide (Willour et al., 2012). A third study (Tochigi
et al., 2008) on a sample of eight BD suicides from the
SMRI dataset identified differential expression in the pre-
frontal cortex of dihydroorotase (CAD) and Na-+/K+
—ATPase alpha 3 subunit (ATP1A3). A fourth study using
the SMRI dataset did not identify differential mRNA
expression in the prefrontal cortex or allele frequency of
Dopamine- and cAMP-regulated phosphoprotein of 32
kDa) (DARPP-32) between BD suicide and non-suicide
deaths, those with schizophrenia and controls (Feldcamp
et al., 2008). A novel study of DNA integrity reported a
higher number of DNA strand breaks in the frontal cortex,
pons, medulla and thalamus in an Indian sample of BD sui-
cide deaths compared to accident victims with no psychiat-
ric history (Mustak et al., 2010).

A number of other studies reported on genetic polymor-
phisms or gene expression in suicide samples that included
a majority of BD subjects. In a small sample of 10 suicides,
9 of which had BD, De Luca etal. (2007) found lower
expression of 5-HT2A mRNA but no difference in methyla-
tion of 5-HT2A receptor gene in the prefrontal cortex
between suicide and non-suicide victims (De Luca et al.,
2009). They also reported no association with tryptophan
hydroxylase 2 (TPH2) promoter genotypes or haplotypes
(De Luca et al., 2006). Dracheva (2008) used the SMRI
sample and found 5-HT,-R mRNA editing variations to be
associated with suicide, but no difference was found
between BD and schizophrenia suicide groups.

Genetics and suicide attempts. A number of studies exam-
ined for associations between specific genetic polymor-
phisms and a history of suicide attempt in BD samples. The
principal findings are summarized in Figure 1.

A well-designed series of studies investigating whole-
blood (predominantly lymphocyte) gene expression levels
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Figure |I. Summary of findings on genetic associations with suicide attempts in studies of bipolar disorder.
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Altamura et al. (2010), Baumann et al. (1999), Bellivier et al. (2000), Benedetti et al. (201 I), Berrettini et al. (1986), Campos et al. (2010),
D’Ambrosio et al. (2012), De Luca et al. (2005a, 2005b, 2006, 2009), Dowlatshahi et al. (1999), Dracheva et al. (2008), Evans et al. (2012), Feldcamp
et al. (2008), Finseth et al. (2014), Jimenez et al. (2013), Kamali et al. (2012), Kim et al. (2002, 2007, 2008), Le-Niculescu et al. (2013), Leszczynska-
Rodziewicz et al. (2014), Lopez et al. (2007), Mahon et al. (2012), Malloy-Diniz et al. (201 I), Matsuo et al. (2010), Monfrim et al. (2014), Nery et al.
(2014), Nery-Fernandes et al. (2012), Neves et al. (2008, 2010), Park et al. (2013), Perlis et al. (2012), Pinto et al. (201 1), Pompili et al. (2008),
Shabani et al. (2013), Sher et al. (2006, 2012), Singhal et al. (2014), Souery et al. (2001), Stange et al. (2014), Suttajit et al. (2013), Thibodeau et al.
(2013), Tidemalm et al. (2014), Tochigi et al. (2008), Tsai et al. (1999a), Vuksan-Cusa et al. (2009) and Willour et al. (2012).

in BD subjects identified a top biomarker candidate (blood
levels of spermidine/spermine Nl-acetyltransferase 1
[SAT1]) for conversion from no SI to a high SI state
(Le-Niculescu et al., 2013) and identified significant pre-
dictive capacity for future hospitalization involving SI or
acts. While replication of data is required, this approach is
noteworthy for combining relatively accessible potential
biomarkers with standard clinical assessments.

Non-genetic central and peripheral markers. There were no sig-
nificant findings among studies of non-genetic markers and

suicide deaths. Serum lipid or glucose levels during a past
admission to hospital were not associated with suicide deaths
in a Korean BD sample (Park etal., 2013). A post-mortem
brain analysis of 15 BD suicides did not identify any differ-
ence in temporal cortex cAMP response element binding
(CREB) levels between suicide and non-suicide deaths (Dow-
latshahi et al., 1999). Another similar post-mortem brain study
(Baumann et al., 1999) found no difference in mean number
of noradrenergic neurons in the locus ceruleus.

A larger literature exists on potential non-genetic mark-
ers of suicide attempt in BD.
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Neuroimaging studies found the following to be associ-
ated with a history of suicide attempts in BD: periventricu-
lar white matter and deep white matter hyperintensities
(Pompili et al., 2008); lower fractional anisotropy in white
matter of the left orbitofrontal region (Mahon et al., 2012)
and decreased grey matter volume in dorsolateral prefrontal
cortex (DLPFC), orbitofrontal cortex (OFC), anterior cin-
gulate, superior temporal cortex, parieto-occipital cortex
and basal ganglia (Benedetti et al., 2011). There were no
differences reported in any regional corpus callosum areas
among suicide attempters, but female BD patients with a
history of suicide attempts had a significant inverse correla-
tion between anterior genu area and impulsivity; a relation-
ship that was not seen among BD non-suicide attempters
(Matsuo et al., 2010). The lack of any differences in corpus
callosum between BD suicide attempters and non-attempt-
ers has been replicated (Nery-Fernandes et al., 2012). All
other imaging findings still require replication.

Two studies found no association between history of
suicide attempts and cerebrospinal fluid (CSF) monoam-
ine metabolites (Berrettini et al., 1986; Sher et al., 2006);
however, these metabolites were negatively correlated
with the maximum lethality of suicide attempt (Sher et al.,
2006). One study identified significantly higher levels of
corticotropin-releasing hormone in BD subjects with ele-
vated suicide risk (Monfrim et al., 2014). Results were
mixed with regard to the link between lipid levels and sui-
cide attempts. Lower serum cholesterol (Tidemalm et al.,
2014; Vuksan-Cusa etal., 2009), triglyceride (Vuksan-
Cusa et al., 2009) and n-6 arachidonic acid (Evans et al.,
2012) levels were reported in BD suicide attempters, but
no such associations were identified in large Italian and
Korean studies (D’Ambrosio etal., 2012; Kim etal.,
2002). Significantly, higher bedtime salivary cortisol has
been reported in BD suicide attempters compared to non-
attempters, but no differences in morning cortisol were
found (Kamali etal.,, 2012). Serum testosterone levels
have been positively correlated with the number of suicide
attempts in a sample of 67 BD subjects, even when con-
trolling for sex (Sher et al., 2012). A small post-mortem
study has shown that lower levels of the neurosteroid preg-
nenolone in the parietal cortex may be relevant to the neu-
robiology of suicide in BD and schizophrenia (Youssef
et al., 2015).

Section C: clinical interventions in bipolar
disorder

High risk time periods in relation to treatment contacts. The
periods during and following hospital admission represent
high risk times for suicide death among BD patients, with
14% of BD suicides occurring during an inpatient stay, with
an additional 26% occurring within 6 weeks of discharge
(Keks et al., 2009). In a large UK treated sample of BD
suicides, 28.2% of deaths occurred within 3 months of

discharge from hospital, a rate significantly higher than for
other psychiatric diagnoses combined (Clements et al.,
2013). There was also a significantly higher rate of last
treatment contact in the week prior to death compared to
other psychiatric diagnoses (61.3% vs 48.8%) (Clements
etal., 2013). Barner-Rasmussen (1986) reported that
among BD inpatients that died by suicide during or within
1 year of hospitalization, 32.8% died in hospital and 38%
died within the first 2weeks of discharge. A subsequent
analysis of Danish epidemiological data (Hoyer etal.,
2000) reported SMRs for completed suicide in BD to be
highest during year 1 following first admission to hospital
(SMR=53.8), followed by years 1-3 (SMR=20.2), years
3-5 (SMR=14.9) and 5+ years (SMR=10.7). A similarly
designed Swedish study that additionally focused on age
and sex differences (Osby et al., 2001) reported first year
post-admission suicide SMRs for males and females under
30years old with BD to be 59.4 and 43.3, respectively.
Among males, the SMR dropped in the older age groups,
with an SMR=31.9 in the over 65 age group. A different
pattern was seen in females, with an increase in SMR with
age, culminating in a SMR=65.5 in the over 65 age group.
For all age groups and both sexes, the SMRs were generally
incrementally lower for longer follow-up time periods, up
to > Syears.

Suicide attempts have also been found to be signifi-
cantly more common (OR =3.57) during the year following
inpatient psychiatric care (Tidemalm et al., 2014).

Duration of untreated illness. Consistent evidence from both
clinical and epidemiological samples suggests that a longer
duration of untreated BD illness is associated with an
increased likelihood of suicide attempts (Altamura et al.,
2010; Angst et al., 1998; Apfelbaum et al., 2013; Azorin
et al., 2009; Bellivier et al., 2011). Altamura et al. (2010)
reported that patients with greater than 2 years of untreated
illness were more likely to attempt suicide and had a higher
number of attempts during follow-up.

Type of first treatment contact. One study (Kessing and
Munk-Jorgensen, 2004) reported that patients with BD
whose first treatment contact included psychiatric admis-
sion were at increased risk of suicide compared to BD
patients whose first treatment contact was on an outpatient
basis.

Overall effect of treatment. An extensive literature addresses
the impact of treatments for BD on suicide attempts or
deaths. In a large trial of BD subjects receiving algorithm-
guided pharmacotherapy plus interpersonal and social
rhythm therapy (IPSRT)/intensive clinical management,
pre-trial suicide attempt rate was 1.05/100 person-months,
but significantly dropped to 0.31/100 person-months dur-
ing acute treatment, and even further to 0.06/100 person-
months during maintenance treatment (Rucci et al., 2002).
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Data from a BD US Veterans sample found discontinuation
of a mood stabilizer resulted in a 16-fold increased rate of
suicide behavior (Yerevanian et al., 2007a).

A sizable proportion of suicides occur when BD patients
are receiving no treatment (Ahearn et al., 2013; Angst et al.,
1998; Schou and Weeke, 1988). Despite this, an analysis of
several maintenance BD trials found no significant differ-
ence in rates of suicide attempts or deaths between active
and placebo groups; however, the analysis was hampered
by low base rates (Storosum et al., 2005). A more recent
analysis of clinical trial data identified a significant effect
of anti-manic treatments on lowering overall mortality rate
during study follow-up periods (of which suicide com-
prised the most frequent cause of death), but the analysis
was underpowered to directly examine the effect on suicide
rates (Khan et al., 2013). In an Australian sample of 35 sui-
cides among people with BD, only 48% were retrospec-
tively considered to be at high risk of suicide, with
pharmacological and psychosocial interventions not reach-
ing benchmark standards in a majority of cases (Keks et al.,
2009). Furthermore, evidence suggests a greater likelihood
of complex polypharmacy being prescribed to BD patients
with a history of suicide attempt (Weinstock et al., 2014).
This underscores the imperative of matching clinical inter-
ventions to the needs of patients with BD, and the tremen-
dous challenges at both clinical and research levels to
understand what interventions are most effective for pre-
venting suicide attempts and suicide in this population.

Lithium. The extensive literature on the impact of lithium
use or discontinuation on both suicide attempts and suicide
deaths in BD samples has been widely reviewed and meta-
analyzed (Baldessarini and Tondo, 2008; Cipriani et al.,
2005). Cipriani et al. (2013) recently published an updated
systematic review and meta-analysis of suicide risk within
randomized controlled trials (RCTs) of lithium for mood
disorders and reported that lithium was significantly associ-
ated with a reduced risk of suicide compared to placebo
(OR=0.13,95% CI=[0.03, 0.66]), but no significant reduc-
tion in risk of deliberate self-harm (which included both
suicide attempts and non-suicidal self-injury) was identi-
fied (OR=0.60, 95% CI=[—0.27, 1.32]). Other than lith-
ium treatment being associated with a reduced risk of
deliberate self-harm vs carbamazepine (OR=0.14, 95%
CI=[0.02, 0.83]), there were no significant drug—drug dif-
ferences found. Only 19/48 trials in their analyses included
BD participants only, and their reported comparisons
among the BD-only trials were limited to one or two studies
per comparison to placebo or other drugs, resulting in wide
CIs and no significant results other than the lithium vs car-
bamazepine finding noted above.

Baldessarini and Tondo (2008) have similarly reported
meta-analytic results of lower risk of suicidal acts during
maintenance treatment with lithium compared to without
lithium, calculating a number needed to treat (NNT) of 22.6

(95% CI=[21.0, 24.6]), and lower risk during treatment
with lithium compared to anticonvulsants (risk ratio=0.38,
95% CI=[0.33, 0.44]). This is further supported by data
such as a nationwide Danish study including all patients
treated with lithium (n=13,186), irrespective of diagnosis,
which found that continued lithium treatment was associ-
ated with reduced suicide risk, regardless of sex and age
(Kessing etal., 2005). While these results are highly
informative, and are supported by sophisticated neurobio-
logical hypotheses for an anti-suicide effect (Benedetti
etal., 2011; Halcomb et al., 2013; Kalkman, 2011), it is
nonetheless important to incorporate prospective, compara-
tive clinical data on the potential anti-suicide effects of
lithium specifically among suicidal or high-risk patients
with BD, the situation commonly faced in clinical practice.
In a landmark study, Oquendo et al. (2011) conducted a
long-term RCT of add-on lithium (mean duration 495 days)
or valproate (mean duration 550 days) among 98 depressed
or mixed BD patients with a history of suicide attempt. No
suicide deaths occurred during the study and there were no
significant differences between rates of suicide attempts
between the two groups, but power limitations clearly
impacted the results. STEP-BD data from 106 patients with
a prospective suicide event (mostly commonly an attempt)
found no significant association between lithium use, anti-
convulsant use or atypical antipsychotic use and risk of sui-
cide events, therefore not supporting the hypothesis of a
specific anti-suicide effect of lithium (Marangell et al.,
2008).

A Danish study reported that suicide rates were lower
among BD patients who purchased a prescription for lith-
um compared to patients who purchased a prescription for
an anticonvulsant, but suicide rates dropped considerably
among patients who continued treatment of either type
(Sendergard et al., 2008). Notably, patients on anticonvul-
sants who were switched to lithium or had lithium added
had a reduced rate of suicide, but a switch or add-on in the
other direction had no such effect.

The overall literature continues to suggest an anti-sui-
cide effect of lithium in patients with BD compared to pla-
cebo or lithium discontinuation, but comparative
randomized clinical trials have not yet confirmed the
hypothesis of greater anti-suicide effect compared to other
mood stabilizers, albeit with methodological and ethical
limitations being a central factor. Furthermore, data are
very much required in specific clinical situations to better
inform the clinicians as to when to employ lithium vs other
possible treatments as an anti-suicide treatment interven-
tion and the expected magnitude of the clinical effect.
Prospective controlled studies of lithium use with suicide-
related outcomes during high-risk periods (e.g. mixed
states, post-hospitalization) would be highly informative
with direct clinical application. Similarly, the correlation
between lithium level and anti-suicide effect remains
understudied yet is of tremendous clinical importance.
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Anticonvulsants. While lithium has received the bulk of
attention, there is also a fairly extensive literature on anti-
convulsants and risk of suicide attempts and deaths in BD
(Ferrer et al., 2014).

In 2009, the US Food and Drug Administration (FDA)
published a warning that 11 anticonvulsant medications
carry an increased risk of suicidal thoughts or actions (US
Department of Health and Human Services, 2009). This
decision was made based on data from placebo-controlled
trials in epilepsy, psychiatric disorders and other condi-
tions. Subsequent to this warning, several studies were
completed specific to BD. A meta-analysis of only psychi-
atric studies (Redden et al., 2011) found no difference in
suicidal events between divalproex and placebo arms. A
30-year observational study of BD patients found no eleva-
tion in suicidal behavior among participants treated with
anticonvulsants (Leon et al., 2012). Two large epidemio-
logical samples of BD subjects also found no increased risk
of suicide-related events with use of anticonvulsants (Arana
et al., 2010; Reid, 2011), and one found significantly lower
rates of suicide attempts compared to pretreatment among
patients given any anticonvulsant, with the exception of
topiramate or carbamazepine, for which reductions did not
reach significant levels. (Gibbons et al., 2009). A further
analysis of this latter dataset found that rates of suicide
attempt were significantly higher during the month prior to
initiations of an anticonvulsant as compared to the month
after (Marcus et al., 2013). As reviewed earlier, BD patients
who purchased additional prescriptions of anticonvulsants
had fewer suicides than BD patients who only purchased
one prescription (263 vs 528 suicide rate per 100,000 per-
son-years, adjusted rate ratio=0.28, 95% CI=[0.19, 0.41])
(Sendergérd et al., 2008). The nearly fourfold higher risk of
suicide reported in this study among subjects who pur-
chased one prescription of an anticonvulsant compared to
subjects who purchased one prescription of lithium compli-
cates the interpretation of the literature comparing lithium
to anticonvulsants (Sendergérd et al., 2008), since there
may be important baseline differences in these groups, per-
haps driven by suicide risk impacting selection of treat-
ment. Clinicians may be aware of the putative anti-suicide
effects of lithium but also may be fearful of lithium toxicity
in overdose or the risk of highly unstable patients not main-
taining safe lithium levels thus leading to increased use of
anticonvulsants among high-risk patients. When long-term
treatment of lithium and anticonvulsants were compared,
Danish patients who purchased = 6 anticonvulsants pre-
scriptions had a substantial reduction in the risk of suicide
(relative risk [RR]=0.22,95% CI=[0.11,0.42], p <0.0001)
similar to patients who purchased = 6 lithium prescriptions
(RR=0.27, 95% CI=[0.12, 0.62], p=0.006) (Smith et al.,
2009).

Nonetheless, the available comparative literature, based
primarily on non-randomized designs, does mostly find
higher rates of suicidal events in patients on anticonvulsants

compared to lithium, but this is not consistent across all
studies (Ahearn et al., 2013). Baldessarini and Tondo (2009)
reported nearly threefold higher rate of suicidal acts among
BD subjects receiving anticonvulsants as compared to lith-
um. A large epidemiological sample also reported a nearly
threefold increased adjusted risk of suicide deaths among
BD patients receiving divalproex vs lithium (Goodwin
et al.,, 2003). Collins and McFarland (2008) followed up
with a similar study in which compared to lithium use,
divalproex use was associated with a significantly higher
risk of suicide attempts (hazard ratio [HR]=1.6) but not
completed suicides (HR=1.5), gabapentin use was associ-
ated with higher risk of suicide deaths (HR=2.6) but not
attempts (HR=1.6) and carbamazepine use had no signifi-
cant effect on suicide attempts, with insufficient data on
suicide deaths. A large US veterans study (n=1306 BD
patients) found no significant difference in rate of suicide
attempts during periods of treatment with lithium monother-
apy or divalproex monotherapy and also found the numeri-
cally lowest suicide rate to occur during treatment with the
combination of lithium and divalproex (Ahearn et al., 2013).
A separate large epidemiological study found a positive
effect of gabapentin in reducing risk of suicide attempts in
BD subjects (Gibbons et al., 2010). Several studies failed to
find any significant difference in suicidal behavior between
anticonvulsants and lithium, including both clinical
(Oquendo et al., 2011; Yerevanian et al., 2007a) and epide-
miological samples (Gibbons et al., 2009; Yerevanian et al.,
2003), most notable of which is the Oquendo et al. RCT
(Oquendo et al., 2011) previously reviewed that found no
difference between valproate and lithium in a high-risk BD
sample.

Antipsychotics. There is relatively sparse data examining
antipsychotics and suicide attempts or suicide in patients
with BD. Given the widespread use of both typical and atyp-
ical antipsychotics in the treatment of BD (Song et al., 2012;
Vieta et al., 2013), this gap in the data is quite glaring.
Within a clinical sample of 161 US Veterans with BD,
suicide attempts were significantly more common during
periods of monotherapy treatment with typical antipsychot-
ics vs atypical antipsychotics, but no differences were
found when either class of antipsychotic was combined
with mood stabilizers (Koek et al., 2012). There were also
no significant differences in rates of suicide attempts dur-
ing treatment periods with olanzapine, risperidone or que-
tiapine (Koek etal., 2012). This same group had also
previously reported on a larger sample of veterans with BD
and found that compared to periods in which patients
received mood stabilizer monotherapy, suicide attempt
rates were 9.4 times higher during periods of monotherapy
treatment with an antipsychotic and 3.5 times higher during
periods of combination treatment with a mood stabilizer
plus antipsychotic (Yerevanian etal., 2007b), perhaps
related to greater severity of illness. In a sub-analysis, the
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combination of antipsychotic plus divalproex was also sig-
nificantly associated with higher suicide attempt rates than
periods of treatment with divalproex monotherapy
(Yerevanian et al., 2007b). In a similar analysis of a large
VA hospital BD sample, Ahearn et al. (2013) identified
higher rates of suicide attempts during periods of treatment
with atypical antipsychotic monotherapy as compared to
lithium monotherapy or divalproex monotherapy. A Danish
report of n=326 clozapine-treated BD patients (mean
dose=307 mg) identified significantly reduced hospital vis-
its for intentional self-harm/overdose during a mean
544 days of follow-up compared to a similar duration of
time prior to clozapine treatment (Nielsen et al., 2012). Any
potential causal interpretation is limited by the non-rand-
omized and non-replicated nature of these data, and unfor-
tunately, the available clinical trials using antipsychotics in
patients with BD do not adequately report on this issue.

Antidepressants. In the only prospective study of antide-
pressants and suicide events in BD, Marangell et al. (2008)
in the STEP-BD study referenced earlier found a signifi-
cant association between past 6-month use of antidepres-
sant medication in 42 BD subjects and a suicide event.
This association remained significant, although less so,
even when mood state just prior to the suicide event was
controlled for. However, as noted by the authors, the study
was not designed to determine suicide risk, and the natural-
istic treatment design does not allow for a determination of
whether patients at higher risk of a suicide event were
more likely to receive a prescription for an antidepressant.
Two retrospective clinical studies have reported the same
association between recent treatment with an antidepres-
sant and likelihood of a suicide attempt (Raja et al., 2009;
Yerevanian et al., 2007c), with one small study of elderly
BD patients finding the opposite effect (Aizenberg et al.,
20006).

Discussion

This paper highlights the complex literature that exists on
suicide attempts and suicide deaths in BD. The historical
paucity of data on suicide attempts and suicide specific to
BD has given way to a more robust and growing literature
from which a diagnosis-specific perspective on risk can be
informed.

Suicide rates vary greatly across studies, but when all
studies are pooled and weighted by exposure years, the cal-
culated rate is 164 per 100,000 person-years, approximately
10-fold greater than the general population. Newer studies
have had the effect of lowering the estimated suicide rate in
BD compared to similar earlier analyses (Tondo et al.,
2003), and also tilt the balance toward large epidemiologi-
cal datasets. There is no doubt, however, that suicide rates
vary across the course of a person’s illness, therefore, our
results should only be considered as an estimate of risk over

an extended period of time, as opposed to during a specific
high-risk period for which individual studies may provide
more meaningful data. The fact that shorter clinical studies
often conducted during or near an episode of high illness
burden, yield higher suicide rates is not surprising. These
results show that the overall rate of suicide in BD is high
and imply that this high rate further escalates during certain
periods in the course of illness.

Sex-specific data on suicide rates from seven studies
(n=60,876 BD subjects) identified a 1.7:1 ratio in men
compared to women. This finding supports one of the
aspects of a diagnosis-specific approach, namely, that the
influence of a factor such as sex should ideally be consid-
ered in the context of the illness, rather than using more
general data on sex differences in suicide rates, which tend
to identify a larger ratio.

The proportion of all suicides accounted for by people
with BD varied considerably by sample composition, with
a range of 3—-14%. The comparison of suicide rates in BD
compared to unipolar depression or schizophrenia also
showed divergent results which were very much influenced
by sample composition, with epidemiological samples
identifying higher rates in BD compared to unipolar depres-
sion, but the opposite in inpatient or prison inmate
samples.

Methods of suicide were quite similar across epidemio-
logical studies of BD suicide deaths, with the most com-
mon method being hanging, followed by self-poisoning
and jumping. Clinical samples generally had higher propor-
tions of death by self-poisoning, which suggests an oppor-
tunity for medication-related means restriction strategies to
be highly relevant in clinical settings.

Many studies report suicide attempt rates in BD and
newer data had not materially changed the identified rate of
attempts. Higher rates were generally found in retrospec-
tive studies as compared to prospective designs. Self-
poisoning was the most common method of suicide attempt,
but the proportion of attempts via self-poisoning was much
lower in Asian samples.

The vast majority of studies on the neurobiology of sui-
cide attempts or suicide do not specifically examine BD.
Despite this, there is a small but growing body of evidence,
primarily in the field of genetics, which should be consid-
ered hypothesis-generating. There are only a handful of
small genetic studies specific to suicide deaths in BD and
no replicated findings; however, 16 genes have been
reported to be differentially expressed in BD suicide vs
non-suicide groups.

Several structural brain imaging studies identified corre-
lates of suicide attempts in exclusively BD samples, but rep-
lication is not yet available. There were no significant
replicated peripheral marker findings in a modest selection
of studies of suicide attempts or death in BD. As the develop-
ment of neurobiological models of suicide risk in general
continues to be an area of active study, it is imperative that
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further data specific to BD be reported whenever possible, to
allow for growth in this important but underdeveloped area.

Given the high rates of suicide attempts and suicide
deaths in BD, having effective clinical interventions in the
hands of the clinician is paramount. Most of the available
literature has focused on lithium and anticonvulsants, for
which there are numerous studies. While the methodologi-
cal limitations of retrospective or non-randomized designs
continue to impact the strength of the conclusions, the
available data support the view that treatment with lithium
or anticonvulsants significantly reduces the risk of suicide
attempts and suicide deaths in people with BD. This con-
clusion is more cautious than prior publications (Cipriani
et al., 2005; Wasserman et al., 2012), especially with regard
to the putative anti-suicide effects of lithium. Our caution
stems from the identification of remaining gaps in the
extant data, especially with regard to prospective, rand-
omized and head-to-head trials. In order to substantiate a
claim of a direct anti-suicide effect in BD that is present
with lithium but not other treatments, a high level of evi-
dence is required, and at this stage, it is important to not
only highlight the strong evidence that supports lower risk
of suicide during lithium treatment compared to lithium
discontinuation or placebo but also to identify the limits of
retrospective studies to accurately compare anti-suicide
effect of lithium vs other treatments, for which only mini-
mal prospective data exist. The BD-specific literature on
other treatments such as atypical antipsychotics, antide-
pressants, electroconvulsive therapy or psychotherapeutic
interventions is very sparse, which is concerning given
their frequent use, and argues for the importance of focus-
ing on these in future studies.

There is also a dearth of clinical intervention studies on
high suicide-risk BD patients. While the methodological
challenges for such studies are quite significant, it is imper-
ative that further efforts be made to launch multi-center
clinical trials in high-risk scenarios. Furthermore, RCTs
that are conducted during higher risk periods (e.g. bipolar
depression, mixed states and post-hospitalization) should
whenever possible incorporate comprehensive assessments
of suicidal behavior specifically, as SI alone is an insuffi-
cient proxy.

Limitations

There are a number of important limitations that should be
considered. First, as with any review of the literature, the
results are dependent on the available data. Our reported
pooled suicide rates included studies with a variety of dif-
ferent methodologies and study characteristics, which in
the case of clinical studies likely to occur during higher risk
periods of time in the course of illness. Non-hospital-based
samples and those with BD type II are likely to have been
less well represented. Furthermore, reporting bias must be
considered, especially for neurobiological studies for which

multiple genetic or non-genetic markers may have been
examined within a given study, but only the positive find-
ings reported. Second, while we attempted to provide some
information on data collection throughout the review, the
variability inherent in such a broad literature did not permit
a full description of methodological variance for each study
reviewed. This variability most critically relates to the
reporting of suicide attempts and deaths, which vary in
terms of method of ascertainment and classification system
used (e.g. level of lethality of suicidal behavior; probable
vs definite suicide definitions). This limitation is especially
relevant when interpreting findings across countries,
regions and time periods. Another related limitation is that
suicidal behavior may be under-reported in clinical and epi-
demiological studies; therefore, the true rate of suicidal
behavior—both attempts and deaths—may be underesti-
mated in our review (Valtonen et al., 2006). Most studies
from which either neurobiological or clinical data were
available were not specifically designed with suicide
attempts or deaths as the primary measure, so methodologi-
cal heterogeneity is a significant issue in interpretation of
results. Fourth, the reported data examined subjects diag-
nosed with BD, which cannot adequately address issues
related to misdiagnosis or change in diagnosis over time,
which can be especially common in epidemiological sam-
ples, and in relation to BD type II. Nevertheless, this issue
impacts most BD studies and does not discount the value of
the data when studying rigorously defined BD. Finally,
much of the available literature is derived from North
America, Europe and East Asia, and the generalizability of
findings to other regions in the world remains a question for
further consideration.

Conclusion

An expansive literature on suicide attempts and suicide
deaths in BD permits increasingly accurate estimates of
risk of suicide attempts and deaths. However, gaps do
remain, pointing out the need for more diverse geographic
representation in the BD suicide literature, as well as a
focus on state-dependent suicide risk estimates. A growing
wealth of data also exists on suicide attempts and suicide in
BD, yet there is limited direct data on the neurobiological
aspects. Even for clinical interventions, the robust data on
lithium and anticonvulsants are in contrast with the paucity
of data on other interventions, and the interpretation of
extant literature is limited by insufficient controlled and
comparative data. Given the known risks of inaction and
benefits of action, it is imperative that mental health pro-
viders and researchers continue to make grand efforts to
tackle this area of need.
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