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Abstract

Aims. Lithium has long been believed to reduce the risk of suicide and suicidal behaviour in
people with mood disorders. Previous meta-analyses appeared to support this belief, but
excluded relevant data due to the difficulty of conducting meta-analysis of rare events. The
current study is an updated systematic review and meta-analysis that includes all eligible
data, and evaluates suicide, non-fatal suicidal behaviour (including suicidal ideation) and sui-
cide attempts.
Methods.We searched PubMed, PsycINFO and Embase and some trial registers. We included
all randomised trials comparing lithium and placebo or treatment as usual in mood disorders
published after 2000, to ensure suicide was reliably reported. Trial quality was assessed using
the Cochrane Risk of Bias tool. Pooled data were analysed using Fisher’s Exact test. In add-
ition, meta-analysis was conducted using various methods, prioritizing the Exact method.
All trials were included in the analysis of suicide initially, regardless of whether they reported
on suicide or not. We conducted a sensitivity analysis with trials that specifically reported on
suicides and one that included trials published before 2000. Pre-specified subgroup analyses
were performed involving suicide prevention trials, trials excluding people already taking lith-
ium, trials involving people with bipolar disorder exclusively and those involving people with
mixed affective diagnoses. Non-fatal suicidal behaviour and suicide attempts were analysed
using the same methods, but only trials that reported these outcomes were included.
PROSPERO registration: CRD42021265809.
Results. Twelve eligible studies involving 2578 participants were included. The pooled suicide
rate was 0.2% for people randomised to lithium and 0.4% with placebo or treatment as usual,
which was not a statistically significant difference; odds ratio (OR) = 0.41 (95% confidence
interval 0.03–2.49), p = 0.45. Meta-analysis using the Exact method produced an OR of
0.42 (95% confidence interval 0.01–4.5). The result was not substantially different when
restricted to 11 trials that explicitly reported suicides and remained statistically non-significant
when including 15 trials published before 2000 (mostly in the 1970s). There were no signifi-
cant differences in any subgroup analysis. There was no difference in rates of all non-fatal sui-
cidal behaviour in seven trials that reported this outcome, or in five trials that reported suicide
attempts specifically. Meta-analyses using other methods also revealed no statistically signifi-
cant differences.
Conclusions. Evidence from randomised trials is inconclusive and does not support the idea
that lithium prevents suicide or suicidal behaviour.

Introduction

Suicide is a leading cause of death all over the world, accounting for 1.3% of all global deaths in
2019 (World Health Organisation, 2021a). In the USA, suicide was the 10th leading cause of
death in 2019, and the second leading cause in young people (National Institute of Mental
Health, 2022), although 77% of suicides occur in low- or middle-income countries (World
Health Organisation, 2021b). Suicide attempts are at least 20 times as common as suicide
(World Health Organisation, 2022), and are especially frequent among young people
(O’Connor et al., 2018; Sivertsen et al., 2019). They cause substantial service use and economic
costs (Royal College of Psychiatrists, 2010; Hawton et al., 2013) and are also a strong predictor
of subsequent suicide (Chan et al., 2016).

Mood disorders increase the risk of suicide and suicide attempts. Long-term data suggest
around 3% of people hospitalised with a diagnosis of bipolar disorder subsequently die by sui-
cide, and 1.5% of those diagnosed with unipolar depression (Nordentoft et al., 2011). Suicide
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attempts and self-harm are also more common in people with
mood disorders (Weintraub et al., 2017).

Lithium was first suggested to have anti-suicidal properties by
Mogens Schou in 1954 (Schou et al., 1954), and the claim was
repeated in the 1970s in a well-known report on the links between
suicide and mental disorder (Barraclough, 1972). More recently,
several leading researchers have supported the idea that lithium
can prevent suicide, based initially on cohort studies
(Baldessarini et al., 2006). An influential meta-analysis of rando-
mised trials also concluded that lithium can reduce the risk of sui-
cide (Cipriani et al., 2013). Moreover, ecological analyses have
reported associations between lithium levels in drinking water
and lower suicide rates (Memon et al., 2020), although publica-
tion bias and heterogeneity are noted as limitations in the latest
meta-analysis of these studies (Eyre-Watt et al., 2021). Thus, des-
pite some recent analyses coming to different conclusions (Riblet
et al., 2017; Borjesson and Gotzsche, 2019), many researchers and
clinicians regard lithium’s anti-suicidal properties as ‘proven’
(Lewitzka et al., 2015a, p. 1) by ‘unambiguous evidence’ (Lewitzka
et al., 2015b, p. 1). Lithium has been suggested to have an ‘intrinsic
anti-suicidal property’ (Del Matto et al., 2020), and is recommended
in some clinical practice guidelines for the prevention of suicidal
behaviour (Veterans Affairs and Department of Defence, (2019).
There have been calls to make guideline recommendations more
assertive (Smith and Cipriani, 2017) and for lithium to be added
to drinking water (Daly, 2020).

Drawing conclusions about a rare event such as suicide is
always difficult, however, and previous studies suffer from meth-
odological limitations. Most importantly, all meta-analyses con-
ducted to date used the Peto method, which excludes studies in
which no outcome events occur, and has recently been suggested
to be problematic for this reason (Ren et al., 2019). Since suicide is
so rare, many trials with relevant data have not been included in
these analyses, which may have inflated treatment effects. We set
out to conduct a meta-analysis of the effects of lithium on suicide
and non-fatal suicidal behaviour using data from all eligible trials.

Methods

This systematic review was conducted following guidance from
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines for best-practice standards (Page
et al., 2021). The protocol was developed and registered prior to
data extraction (PROSPERO ID: CRD42021265809; https://www.
crd.york.ac.uk/prospero/display_record.php?RecordID = 265809).

Search strategy

PubMed, PsycINFO, Embase, ClinicalTrial.gov and the Cochrane
Schizophrenia Group trial register were searched using the follow-
ing terms: [‘lithium’] AND [‘affective disorder*’ OR ‘mood dis-
order*’ OR ‘depress*’ OR ‘bipolar’ OR ‘schizoaffective’ OR
‘personality disorder’ OR ‘dysthymia’ OR ‘rapid cycling’] AND
[‘randomised control trial’ OR ‘RCT’ OR ‘trial’ OR ‘random*’].
In addition to terms for bipolar disorder and depression, add-
itional mood diagnostic categories were included to ensure no
relevant papers were missed (see online Supplementary
Table S1). Searches were conducted up until March 2022.
Google Scholar was searched to identify previous reviews and
meta-analyses of similar topics, and a hand-search of the refer-
ence lists allowed for further studies to be identified. For protocols

or ongoing trials, the researchers were contacted to determine if
the studies had been completed and were near publication.

Study selection

Inclusion criteria consisted of randomised control trials published
in peer-reviewed literature that compared lithium with placebo or
treatment as usual in the medium and long-term (>12 weeks)
treatment of mood disorders. We included studies that employed
treatment as usual, in which participants were not blinded, since
we suspected that even when a placebo is used, blinding is likely
to be inadequate due to the noticeable side effects of lithium.
Participants were required to be over the age of 18 years and to
have a diagnosis of a mood disorder made clinically or according
to standardised diagnostic criteria manuals. Studies needed to be
published after the year 2000 due to more modern reporting
requirements introduced by the CONSORT statement (Begg
et al., 1996) ensuring completeness of reporting. In older trials,
suicide may not always have been reported, and since suicide is
so rare, even one or two unreported events would have a substan-
tial impact on the analysis. No language restrictions were applied.

Trials conducted to evaluate relapse prevention in mood disor-
ders and trials specifically aimed at prevention of suicide and sui-
cidal behaviour were eligible for inclusion. Trials in which lithium
was used alone or in conjunction with other treatments were
included where other treatments were available to the control
group too. Comparative studies comparing lithium with another
active drug that did not include a placebo or treatment as usual
group were excluded.

Study selection

All titles and abstracts identified by the search were screened by
ZN and independently checked by JM. Full-text screening of
the remaining studies was conducted by ZN and a sample was
double checked by JM. Any uncertainties relating to inclusion
were discussed and resolved with JM and JS.

Quality assessment

The risk of bias in the included studies was assessed using an
operationalised version of the original Cochrane Risk of Bias
tool (Higgins and Green, 2011) for consistency with a previous
influential meta-analysis (Cipriani et al., 2013). This measure
rates studies as being at ‘high’, ‘low’or ‘unclear’ riskof bias according
to various domains. Criteria for the rating of each domain were
established by consensus within the research team in accordance
with the Cochrane guidelines (online Supplementary Table S2).
Quality assessments were carried out independently by ZN, JM
and JS and then compared and discrepancies were resolved through
discussion and consensus.

Data extraction

Data were extracted from eligible studies by ZN and JM; uncer-
tainties were resolved by discussion including the third author
(JS). The following data were extracted; year of publication;
region; duration; interventions; participants’ age and inclusion
diagnosis; other treatments; previous treatment with lithium;
aim of the study and data on suicide and suicidal behaviour,
including suicide attempts. In cases of missing data or areas of
uncertainty, the corresponding author of the paper was contacted.
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For trials in which suicide was not reported and a response was
not received, it was assumed that no suicides occurred.

Outcomes and analysis

The primary outcome of interest was suicide. Secondary outcomes
were non-fatal suicidal behaviour, as defined by each individual
study (this could include suicidal ideation – see Table 1). Due to
the heterogeneity of definitions of non-fatal outcomes used in the
individual studies, we also decided to look at suicide attempts
specifically.

There is no consensus about the methods for meta-analysis of
rare events (Efthimiou, 2018). Although the Peto method is the
standard procedure in meta-analyses of categorical data (Cochrane
Collaboration, 2022), this method may not perform well when
the number of trials with zero events is increasing, for unbalanced
designs, when the log odds ratio (OR) significantly differs from
zero, or when there is no true effect size (Cheng et al., 2016; Ren
et al., 2019). The Peto method may overestimate the treatment
effect when there are more trials with zero events in the treatment
condition compared to the control condition (Dahabreh and
Economopoulos, 2008). Since suicide is rare, and does not occur
at all in many trials, the Peto method excludes the majority of avail-
able data on lithium and suicide, and may lead to overestimation of
the size of a treatment effect (Sharma et al., 2017).

Various other methods have been proposed to facilitate ana-
lysis of rare and zero events, but most involve approximations,
such as continuity corrections, which are not recommended
(Efthimiou, 2018) and produce parameters that are difficult to
interpret (Lane, 2013). For this reason, it is common to simply
pool the data, for example in regulatory assessments of adverse
events (Lievre et al., 2002; Bradburn et al., 2007). We therefore
conducted an analysis of the pooled data using the two-sided
Fisher’s Exact test in R for the comparison of proportions.
Following publication of the protocol, we also decided to conduct
meta-analysis of ORs, using the Exact method and Bayesian
methods, which have been recommended as methods for includ-
ing trials with zero events (Ren et al., 2019). We prioritised the
Exact method by Liu et al. (2014) over the Bayesian method
because the latter may be sensitive to the choice of prior distribu-
tions. All analyses were done in R 4.2.0 (R Core Team, 2022). We
used the gmeta-package for the Exact method and the rstan/
MetaStan packages for theBayesian analyses.Weapplied a sceptical,
non-informative prior (1/250 < OR < 250) and an informative prior
(1/15 < OR < 15).Ninety-five per cent confidence intervals (or cred-
ible intervals in the Bayesian analyses) were calculated for each
pooled OR, and individual study results and meta-analysis results
were displayed in Forest plots. Additionally, we used other
meta-analytical methods, including the Peto method, as sensitivity
analyses. The R-code is available via the Open Science Framework
(https://osf.io/6q3w7/).

For suicide we used data from all trials and assumed that if sui-
cide was not reported then no suicides had occurred. This
assumption is reasonable as all trials were published since 2000,
after publication of reporting guidance such as the CONSORT
statement that specifies the reporting of important harms (Begg
et al., 1996). As a sensitivity analysis, we looked at trials which
explicitly reported suicides or in which we had been able to con-
firm the occurrence of suicides with the authors. For comparison
with previous meta-analyses, we also conducted a sensitivity ana-
lysis including trials published before 2000, using data extracted
in a previous meta-analysis (Cipriani et al., 2005).

Heterogeneity of effect sizes was estimated, if possible, with I2

and τ and the respective 95% confidence intervals. Subgroup analyses
were also performed, following Cochrane guidelines to explore
heterogeneity between subgroups when estimating treatment
effects based on sparse event data (Cochrane Collaboration, 2022).
We performed subgroup analyses involving trials in which lithium
was used specifically to prevent suicide; trials that did not include
people who were taking lithium prior to randomisation; trials
involving people with bipolar disorder; and trials involving people
with depression spectrum disorder or mixed diagnostic groups.

We applied the same analysis to the secondary outcomes of
non-fatal suicidal behaviour and suicide attempts, but we only
included trials which explicitly reported on suicidal behaviour
in this analysis, since, unlike suicide, we cannot assume this
behaviour would be routinely reported.

Results

Sample and trial characteristics

A total of 447 citations were identified after removal of duplicates.
After screening, 12 trials published between 2000 and 2021 were
identified that satisfied inclusion criteria (see Fig. 1 and online
Supplementary Table S3 for details of excluded studies). Table 1
outlines included trial characteristics. Three trials were designed
to examine the effect of lithium on suicide and non-fatal suicidal
behaviour specifically, and nine trials explored lithium’s effect on
relapse in people with bipolar disorders or depression. Nine trials
reported on suicide explicitly and seven on other suicidal behav-
iour. The most common comparator was placebo, used in ten
trials, and the other two compared lithium with usual care or,
in one case, a personalised treatment approach available to all
participants (‘optimalised personalised treatment’) (Nierenberg
et al., 2013). Six trials included participants with bipolar disorder
exclusively and six trials included participants with a diagnosis of
depression or mixed ‘affective spectrum’ disorders. Follow-up
times ranged from 20 to 104 weeks. Six trials included only two
arms, while the remaining six trials also compared lithium to
another active drug.

Quality ratings

Risk of bias assessments are displayed in the online Supplementary
Fig. S1. Overall, most trials were judged to be of low risk of bias
regarding retention (low attrition), whilst weaknesses concerned
lack of detail with reporting randomisation procedures and alloca-
tion concealment as well as insufficient masking of treatment allo-
cation. In the two trials in which this was tested and reported,
between 65 and 68% of participants randomised to take lithium
correctly identified their allocation, whilst rates of correct gues-
sing on placebo were no better than chance (Sackeim et al.,
2001; Katz et al., 2022). In three trials in which data could be
checked against study protocols, there was no evidence of selective
reporting.

Analysis of suicide

The main analysis involved all 12 trials, which included 1278 par-
ticipants randomised to lithium and 1300 randomised to placebo
or treatment as usual. Two suicides were identified among people
randomised to lithium (0.2% of participants across all included
studies) and five among those randomised to placebo or treatment
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Table 1. Characteristics of studies included in this systematic review

Author, year Region
Duration
(weeks) Participants Diagnosis

Prior lithium
treatment

Aim of
intervention

Suicides in
lithium group

Suicides in
control group

Non-fatal suicidal
behaviour in
lithium group

Non-fatal suicidal
behaviour in
control group

Amsterdam, 2010
(Amsterdam and
Shults, 2010)

United
States

50 Lithium (N = 26)
Placebo (N = 27)
Fluoxetine (N = 28)

Bipolar II with a
current major
depressive
episode

No
participants

Relapse
prevention

0 0 0 ‘adverse
events’

0 ‘adverse
events’

Bauer, 2000 (Bauer
et al., 2000)

Europe 20 Lithium (N = 14)
Placebo (N = 15)

Major depressive
disorder

All
participants

Relapse
prevention

0 1 Not reported Not reported

Bowden, 2000
(Bowden et al.,
2000)

United
States

52 Lithium (N = 91)
Placebo (N = 94)
Divalproex (N = 187)

Bipolar I disorder Some
participants

Relapse
prevention

Not reported Not reported Not reported Not reported

Bowden, 2003
(Bowden et al.,
2003)

Canada,
Europe,
United
States

76 Lithium (N = 46)
Placebo (N = 70)
Lamotrigine (N = 59)

Bipolar I disorder Some
participants

Relapse
prevention

0 0 0 ‘suicide
attempts’

0 ‘suicide
attempts’

Calabrese, 2003
(Calabrese et al.,
2003)

Canada,
Europe,
United
States

76 Lithium (N = 121)
Placebo (N = 121)
Lamotrigine (N = 221)

Bipolar I disorder Some
participants

Relapse
prevention

0 0 0 ‘suicide
attempts’

1 ‘suicide
attempts’

Girlanda, 2014
(Girlanda et al.,
2014)

Europe 52 Lithium (N = 29)
Usual care (N = 27)

Major depressive
disorder

No
participants

Suicide
prevention

1 0 6 ‘deliberate
self-harm’

7 ‘deliberate
self-harm’

Katz et al., 2022
(Katz et al., 2022)

US 52 Lithium (N = 255)
Placebo (N = 264)

Bipolar disorder or
depression

No
participants

Suicide
prevention

1a 1a 65 suicidal
behaviourb

16 suicide
attempts

62 suicidal
behaviour
13 suicide
attempts

Lauterbach, 2008
(Lauterbach et al.,
2008)

Europe 52 Lithium (N = 84)
Placebo (N = 83)

‘Depressive
spectrum
disorder’

No
participants

Suicide
prevention

0 3 7 ‘suicide
attempts’

7 ‘suicide
attempts’

Nierenberg, 2013
(Nierenberg et al.,
2013)

United
States

24 Lithium plus
optimalised
personalised
treatment (OPT) (N =
141)
OPT alone (N = 142)

Bipolar disorder No
participants

Clinical
improvement

0 0 Not reported Not reported

Sackeim, 2001
(Sackeim et al.,
2001)

United
States

24 Lithium (N = 28)
Placebo (N = 29)
Nortriptyline (N = 27)

Major depressive
disorder

Some
participants

Relapse
prevention

0a 0a Not reported Not reported

Weisler, 2011
(Weisler et al.,
2011)

Asia,
Europe,
United
States

104 Lithium (N = 418)
Placebo (N = 404)
Quetiapine (N = 404)

Bipolar I disorder No
participants

Relapse
prevention

0 0 3 ‘suicidal
behaviour/
ideation’

8 ‘suicidal
behaviour/
ideation’

Wilkinson, 2002
(Wilkinson et al.,
2002)

Europe 104 Lithium (N = 25)
Placebo (N = 24)

Major depressive
disorder

No
participants

Relapse
prevention

0b 0b Not reported Not reported

aFigures for suicides confirmed by authors.
bSuicidal behaviour included: suicide attempts, interrupted suicide attempts and hospitalisation to prevent suicide.
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as usual (0.4%). The difference was not statistically significant
using Fisher’s Exact test; OR = 0.41 (0.03–2.49), p = 0.45. The dif-
ference was also not statistically significant when the analysis was
restricted to the 11 trials in which suicide was explicitly reported
or confirmed with the authors; 0.2 v. 0.4%; OR = 0.41 (0.04–2.49),
p = 0.45. We did another sensitivity analysis adding in 15 trials
published before 2000, mostly in the 1970s, that were included
in the review conducted by Cipriani et al. in 2005 (Cipriani
et al., 2005), updated in 2013 (Cipriani et al., 2013) and 2017
(Smith and Cipriani, 2017). There were two suicides among

1953 people treated with lithium in total (0.10%) and seven
among 1784 who received placebo (0.39%). The difference was
also not statistically significant using Fisher’s Exact test ( p =
0.10; OR = 0.26, 95% CI 0.03–1.37) (see online Supplementary
Table S4 for details of the pre-2000 trials).

Table 2 displays results from the different meta-analytic meth-
ods and Fig. 2 shows the associated Forest plot with results from
the Exact and Bayesian methods. The OR using the Exact method
was 0.42 (0.01–4.5). None of the methods resulted in statistically
significant differences between lithium and placebo or treatment

Fig. 1. PRISMA flow diagram.

Table 2. Meta-analysis of suicides

Analysis Odds ratio (95% CI) p I2 (95% CI) τ (95% CI) N (trials)

Exact (Liu et al., 2014) 0.42 (0.01–4.5) 12

Baysiana (uninformative prior delta = 250) 0.46 (0.08–2.1) 0.41 (0.01–3.1) 12

Baysiana (informative prior delta = 15) 0.55 (0.13–2.1) 1.41 (1.0–3.1) 12

Non-optimal methods

Peto (without cc) 0.46 (0.09–2.4) 0.36 18 (0–87) 0.72 (0–6.8) 4

Mantel–Haenszel (without cc) 0.59 (0.13–2.8) 0.51 0 (0–85) 0 (0–4.7) 4

Mantel–Haenszel (with cc) 0.82 (0.29–2.3) 0.70 0 (0–58) 0 (0–0) 12

Mantel–Haenszel (with cc and treatment arm correction) 0.79 (0.28–2.2) 0.65 0 (0–58) 0 (0–0) 12

Arcsine square root transformed risk difference −0.01 (−0.05 to 0.03) 0.57 0 (–) 0 (–) 12

CI, confidence interval; cc, continuity correction; N, number.
aThe Bayesian meta-analyses were based on simulations. Because of the special nature of the data (rare events and double zeros), there were occasional large ORs in the posterior after back
transforming the log-transformed values of the posterior distribution. The larger ORs skewed the distribution, resulting in slight deviations from sampling to sampling. This affected the upper
limits of the credible intervals and the point estimates, but less so the lower limits of the credible intervals. The deviations from sampling to sampling are only minor, affecting mostly the
second decimal of the estimations. However, formal analysis provided by the statistical package did not indicate convergence problems. This applies to all the Bayesian analyses performed.
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as usual. Sensitivity analysis excluding one trial that did not report
suicides also did not show a statistically significant difference
(online Supplementary Table S5 and Fig. S2). Sensitivity analysis
including the 15 trials from before 2000 also did not show statis-
tically significant effects (the Exact method OR was 0.33, 95% CI
0–3.65) (Fig. 3 and online Supplementary Table S6).

Subgroup analyses involved three trials in which lithium was
used specifically to prevent suicide, seven trials involving people
who had not taken lithium prior to randomisation, six trials
exclusively involving people with bipolar disorders and six trials
involving people with depressive disorders or mixed diagnoses.
Pooled analysis showed no statistically significant differences in
any subgroups (Table 3). Meta-analysis using the Exact method
and other methods also showed no statistically significant differ-
ences (online Supplementary Tables S7–S10 and Figs S3–S6)

Analysis of non-fatal suicidal behaviour

Seven trials were included in the analysis of suicidal behaviour,
which involved a total of 1975 participants. There were 81 people
who undertook some form of non-fatal suicidal behaviour among
1278 participants randomised to lithium (6.3%) and 85 among
1300 people randomised to placebo or treatment as usual
(6.5%). The difference was not statistically significant using
Fisher’s Exact test; OR = 0.97 (0.70–1.34), p = 0.87. In five trials
that specified suicide attempts, 23 out of 532 people randomised
to lithium made a suicide attempt (4.3%), and 21 out of 565 ran-
domised to placebo (3.7%), which was not a statistically signifi-
cant difference; OR = 1.17 (0.61–2.25), p = 0.65.

Meta-analysis with the Exact method produced an OR of 0.97
(0.68–1.37) for any non-fatal suicidal behaviour, and an OR of
1.13 (0.60–2.14) for suicide attempts. Other methods produced

similar results and none showed a statistically significant differ-
ence (Table 4, Figs 4 and 5).

Discussion

Suicide is a complex phenomenon whose epidemiology and causes
vary across cultures (Kirmayer, 2022). The WHO recommends a
multi-pronged approach to prevention including individual and
societal-level interventions (World Health Organisation, 2022).
Our analysis shows that the evidence from randomised trials
from the new millennium is highly inconclusive and compatible
with lithium being associated with an unchanged, decreased or
increased risk of suicide. This challenges the results of previous
meta-analyses of randomised trials (Cipriani et al., 2013; Smith
and Cipriani, 2017), guideline recommendations (Veterans Affairs
and Department of Defence, (2019) and the longstanding consensus
that lithium reduces the risk of suicide. It contrasts with ecological
studies that find associations between lithium levels in drinking
water and suicide rates, suggesting they may have been influenced
by publication bias, which is evident in some reviews (Eyre-Watt
et al., 2021). In contrast, our results are consistent with a previous
systematic review, although this only included a single trial
(Borjesson and Gotzsche, 2019), with an earlier Cochrane review
published in 2001, which included four trials in total, two of
which were included in the meta-analysis (Burgess et al., 2001),
and with the fact that the largest trial of lithium for suicide pre-
vention, published in 2021, was terminated early due to lack of
effect (Katz et al., 2022).

The difference between our results and previous meta-analyses
that found statistically significant effects (Cipriani et al., 2013) or
borderline effects (Riblet et al., 2017) is partly due to the accumu-
lation of further data, and partly to the inclusion of much data
that were previously excluded due to the use of the Peto method

Fig. 2. Forest plot: suicides.
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that excludes trials with zero events. Traditionally, such trials have
been included by applying a continuity correction, but this ren-
ders results less accurate and is not recommended (Friedrich
et al., 2007; Efthimiou, 2018). Pooling of data is one way to
address this situation and include accurate data from trials with
zero events and is frequently employed by drug regulatory bodies,
which are concerned with identifying rare events (Lievre et al.,
2002; Bradburn et al., 2007). The Exact method and Bayesian
methods of meta-analysis, which include data from trials with
zero events, have also been recommended recently (Ren et al.,
2019). Thus, our analysis of suicide is based on 12 trials and
2578 participants in total, whereas the previous most influential
analysis included only four trials with 485 participants in total
(Cipriani et al., 2013)

Another reason for the variation between our findings and
prior reviews is that we only included trials published after
2000. We took this decision because reporting standards before

2000 were not as rigorous and therefore we cannot be certain
that trials published before this date reliably reported adverse
events, including suicides, especially since no studies prior to
this date were set up to test for suicide prevention effects specif-
ically. In fact, we know that a suicide was not reported in at
least one pre-2000 study paper (Glen et al., 1984) (among people
randomised to amitriptyline) from data obtained subsequently by
Cipriani et al. (2013). Ioannidis and Lau (49) examined 192 drug
trials published between 1967 and 1999 and found that only 39%
adequately reported adverse events. Since suicide is rare, the omis-
sion of even one or two events may significantly influence the
analysis. Following the publication and widespread adoption of
the CONSORT statement guidelines in the late 1990s (Begg
et al., 1996), we can be more confident that trials would reliably
report serious adverse events such as suicide. Our sensitivity ana-
lysis including trials published before 2000 revealed two further
suicides in people allocated to placebo, but there remained no

Fig. 3. Forest plot: suicides – sensitivity analysis including pre-2000 trials.

Table 3. Pooled subgroup analyses of suicides in randomised control trials comparing lithium and placebo or treatment as usual

Suicides/n (%)

Lithium
group Control group Total

Pooled odds ratio
(95% CI)

p value (Fisher’s
Exact test)

Suicide prevention trials (3 trials) 2/368 (0.54%) 4/374 (1.0%) 6/742 (0.81%) 0.51 (0.05–3.6) 0.69

Trials involving people who had not taken
lithium prior to randomisation (7 trials)

2/978 (0.20%) 4/971 (0.41%) 6/1949 (0.31%) 0.50 (0.04–3.5) 0.45

Trials exclusively involving people with bipolar
disorder (6 trials)

0/843 (0%) 0/858 (0%) 0/1701 (0%) – –

Trials involving people with depressive
disorder or mixed affective diagnoses (6 trials)

2/435 (0.42%) 5/442 (0.98%) 7/877 (0.71%) 0.40 (0.04–2.5) 0.45
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evidence of a statistically significant difference between lithium
and the control condition.

Results of previous analyses have also been influenced by three
suicides that occurred in the placebo group in one study, the sui-
cide prevention study by Lauterbach et al. (2008). This study was
reported as being double-blind, but the authors describe how the
blind was broken in cases where participants were suspected of
non-adherence due to low levels of blood lithium, or when
there was a suspected risk of suicide. The former situation is likely
to have been common since mean lithium levels were below the
intended therapeutic window for the majority of the trial
(Lauterbach et al., 2008, p. 474). It is plausible, therefore, that
the increased monitoring instituted in unblinded participants to
maintain adherence or reduce suicide risk might have resulted
in fewer suicides in the lithium group. This interpretation is sup-
ported by research that shows that greater access to clinical care
and closer monitoring can reduce the risk of suicide in clinical
and general populations (Tondo et al., 2006; Sakinofsky, 2014).

Risk of bias assessments revealed that most included studies
had strengths, such as low attrition, and blinding of assessments.
Blinding of participants was judged to be insecure across all trials,
however, due to the likelihood of the side effects of lithium reveal-
ing the identity of medication. There was no evidence of selective
reporting, but this was only possible to check in a minority of
trials. The risk of bias tool used did not assess aspects of quality
that are particularly relevant to rare outcomes, such as sample size
and the quality of reporting of adverse events.

We made several protocol changes in order to make the ana-
lysis more robust and comprehensive. Thus we searched some
trial registers and we added meta-analysis using different methods
suggested recently in the statistical literature conducting all these
using R instead of Revman. This allowed us to perform a more
sophisticated analysis, and we have made the R code publicly
available. We also added a sensitivity analysis including trials pub-
lished before 2000, in order to compare our findings with those of
previous reviews. We changed the terminology for describing our
secondary outcome from ‘self-harm’ to ‘suicidal behaviour’, since
this reflected the language used in most of the included studies
and has a clearer relationship to actual suicide because suicide
attempts are defined as actions with the intent to die. We also per-
formed an additional analysis of suicide attempts specifically.
Another limitation is that full-text screening was not completed
independently by two reviewers for the whole sample.

Traditionally, pooling data are criticised because it neglects
between-study heterogeneity and estimates may therefore not be
sufficiently conservative. However, no statistically significant
effect of lithium was found for any of the outcomes we examined
using this method, which was consistent with results produced by
the different methods of meta-analysis. Heterogeneity of studies
could only be estimated with much imprecision. Subgroup ana-
lyses did not identify any obvious sources of variation, such as
whether the trial included people at high risk of suicide (as in
the trials designed to study suicide prevention specifically), the
diagnoses of participants and prior treatment with lithium.
However, these analyses were based on small numbers of partici-
pants and trials and should be interpreted cautiously.

Another review found similar results to our own, but this
review not only excluded studies with zero events, but also studies
in which participants had been taking lithium prior to study
entry. Thus the analysis of suicide was based on a single study
(Lauterbach et al., 2008), involving 167 participants (Borjesson
and Gotzsche, 2019). The justification for excluding studies inTa
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which participants were taking lithium prior to randomisation
was that all psychoactive drugs produce withdrawal syndromes,
which may heighten suicide risk (Baldessarini and Tondo, 2019;
Cohen and Recalt, 2019). One empirical study does indicate
that suicidal acts were more common in the year following
lithium discontinuation than before lithium was started
(Baldessarini et al., 1999). In addition, lithium discontinuation

is associated with an increased risk of relapse of bipolar disorder
above baseline (Suppes et al., 1991). In our analysis, one of the
included studies reported that suicidal behaviour was more
common among participants who stopped their randomised
treatment prematurely, but this applied to those who were rando-
mised to both lithium and placebo (Katz et al., 2022). Our sub-
group analysis of trials in which participants had not been

Fig. 4. Forest plot: suicidal behaviour.

Fig. 5. Forest plot: suicide attempts.
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treated with lithium previously did not find a difference between
lithium and placebo, but the analysis lacked statistical power.

Conclusion

The evidence from randomised trials of the new millennium is
inconclusive and does not provide support for the belief that lith-
ium reduces the risk of suicide or suicidal behaviour. More data
are needed to estimate the effect of lithium with more precision
in general, and in subgroups of patients, specifically.
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