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RCT: Lithium to Prevent Repeat Suicide-Related Outcomes in Veterans With Major Depression or
Bipolar Disorder

POPULATION INTERVENTION FINDINGS

437 Men, 82 Women 519 Participants randomized and analyzed There was no significant difference in time to repeated suicide-related events
between the lithium and placebo groups
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Key Points

Question Does lithium augmentation of usual care reduce the rate of repeated suicide-related
events in participants with bipolar disorder or depression who have survived a recent event?

Findings This randomized clinical trial was stopped for futility after 519 veterans had been enrolled.
No overall differences between lithium and placebo treatments were found.

Meaning The findings of this study suggest that in patients who are actively being treated for mood
disorders and substantial comorbidities, simply adding lithium to existing medication regimens is
unlikely to be effective for preventing a broad range of suicide-related events.

Abstract

Importance Suicide and suicide attempts are persistent and increasing public health problems.
Observational studies and meta-analyses of randomized clinical trials have suggested that lithium
may prevent suicide in patients with bipolar disorder or depression.

Objective To assess whether lithium augmentation of usual care reduces the rate of repeated
episodes of suicide-related events (repeated suicide attempts, interrupted attempts, hospitalizations
to prevent suicide, and deaths from suicide) in participants with bipolar disorder or depression who
have survived a recent event.

Design, Setting, and Participants This double-blind, placebo-controlled randomized clinical trial
assessed lithium vs placebo augmentation of usual care in veterans with bipolar disorder or
depression who had survived a recent suicide-related event. Veterans at 29 VA medical centers who
had an episode of suicidal behavior or an inpatient admission to prevent suicide within 6 months
were screened between July 1, 2015, and March 31, 2019.

Interventions Participants were randomized to receive extended-release lithium carbonate
beginning at 600 mg/d or placebo.

Main Outcomes and Measures Time to the first repeated suicide-related event, including suicide
attempts, interrupted attempts, hospitalizations specifically to prevent suicide, and deaths from
suicide.

Results The trial was stopped for futility after 519 veterans (mean [SD] age, 42.8 [12.4] years; 437
[84.2%] male) were randomized: 255 to lithium and 264 to placebo. Mean lithium concentrations at
3 months were 0.54 mEq/L for patients with bipolar disorder and 0.46 mEq/L for patients with major
depressive disorder. No overall difference in repeated suicide-related events between treatments
was found (hazard ratio, 1.10; 95% Cl, 0.77-1.55). No unanticipated safety concerns were observed. A
total of 127 participants (24.5%) had suicide-related outcomes: 65 in the lithium group and 62 in the
placebo group. One death occurred in the lithium group and 3 in the placebo group.
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Conclusions and Relevance In this randomized clinical trial, the addition of lithium to usual Veterans
Affairs mental health care did not reduce the incidence of suicide-related events in veterans with
major depression or bipolar disorders who experienced a recent suicide event. Therefore, simply
adding lithium to existing medication regimens is unlikely to be effective for preventing a broad range
of suicide-related events in patients who are actively being treated for mood disorders and
substantial comorbidities.

Trial Registration ClinicalTrials.gov Identifier: NCT01928446
Introduction

Suicide is a devastating clinical and public health problem. In 2017, suicide was the nation’s 10th
leading cause of death.t Up to 90% of suicides are attributable to mental illness? and more than
20% to diagnosed affective disorders.2 Veterans accounted for 13% of all US deaths from suicide in
2017, with an age- and sex-adjusted rate for all veterans 1.5 times greater than other Americans.®
This increased risk led the US Department of Veterans Affairs (VA) to establish comprehensive
programs, clinical services, and research to prevent suicide.®?

Several treatments are available to reduce the risk of suicidal behavior.2 Effective psychotherapies are
cognitive-behavioral, dialectical-behavioral, and problem-solving therapies.21! Clozapine is approved
by the US Food and Drug Administration for decreasing suicidal behavior in patients with
schizophrenia and schizoaffective disorder.22 There is ongoing research on ketamine,22 and although
the Food and Drug Administration recently approved esketamine for major depressive disorder and
acute suicidal ideation or behavior, whether this agent is effective for preventing suicide or reducing
suicidal thoughts or actions is not known.2? Antidepressants may be associated with reduced suicide-
related outcomes in older patients but increased suicide-related outcomes in younger patients.1>1Z

Numerous observational studies!®? suggest that lithium may prevent suicide and suicide attempts in

patients with bipolar disorder or depression, with some studies2%2 suggesting that this may be
somewhat independent of lithium’s effects on mood. However, these observations could reflect
practitioners’ propensity for prescribing lithium to patients less prone to suicide attempts. A cohort
study? of veterans using propensity score matching found no difference in suicide rates for patients
with bipolar disorder taking lithium vs valproate. Randomized clinical trials22 to test whether
lithium can prevent suicidal behavior in patients with bipolar disorder or depression have been
underpowered.

In 2013, when this trial was planned, meta-analyses of trials of lithium vs placebo or active
comparators that included patients with bipolar disorder or depression,2¢2Z most conducted to
evaluate other outcomes, found that suicide was less common in patients receiving lithium than
comparators. The most recent meta-analysis? available at that time did not find differences for
nonfatal deliberate self-harm. More recent meta-analyses, 22 limited to studies of patients with
major depression, raised questions about the association between lithium use and deaths from
suicide. Nevertheless, the 2019 VA/US Department of Defense Clinical Practice Guideline for
Assessment and Management of Patients at Risk for Suicide subsequently stated, “We suggest
offering lithium alone (among patients with bipolar disorder) or in combination with another
psychotropic agent (among patients with unipolar depression or bipolar disorder) to decrease the
risk of death by suicide in patients with mood disorders.”2 27)

Questions remain about whether lithium, approved for bipolar disorders and used for adjunctive
treatment for major depression, can prevent suicide-related behaviors in patients with these
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disorders. We conducted this trial to assess whether lithium would prevent or delay repeated
suicide-related events and whether it could be used safely.

Methods
Patients

Veterans at 29 VA medical centers who had an episode of suicidal behavior or an inpatient admission
to prevent suicide within 6 months were screened between July 1, 2015, and March 31, 2019.
Veterans were enrolled after they provided written informed consent and their clinical practitioners
concurred. Eligibility criteria included meeting Diagnostic and Statistical Manual of Mental Disorders
(Fourth Edition, Text Revision)2 criteria for bipolar | or Il disorder or major depression, consenting to
provide an emergency contact, and being cognitively intact®! and able to appreciate risks and
benefits of participation.22 Exclusion criteria were schizophrenia; 6 or more previous lifetime suicide
attempts; use of lithium within the past 6 months; history of significant adverse effects of lithium;
unstable substance use or medical conditions; pregnancy, lactation, or not using birth control;
participating in another randomized intervention trial; and current use of clozapine, haloperidol, or
diuretics except amiloride. The study was sponsored by the VA Cooperative Studies Program,
conducted in accordance with Good Clinical Practice Guidelines, and approved by the Human Rights
Committee at the Boston VA Cooperative Studies Program Coordinating Center, the VA Central
Institutional Review Board, and local VA research oversight committees at each site. Data were not
submitted to the oversight committees. Only the data monitoring committee received deidentified
data. The study followed the Consolidated Standards of Reporting Trials (CONSORT) reporting
guideline. The trial protocol can be found in Supplement 1.

Oversight

Data were collected by investigators at each site and analyzed at the coordinating center. The futility
analysis was conducted by an independent statistician working with the Data Monitoring Committee
and the coordinating center but not directly involved in the trial’s design or conduct. The Food and
Drug Administration did not require an Investigational New Drug application.

Trial Design

The study was a double-blind, placebo-controlled, 52-week randomized clinical trial of extended-
release lithium carbonate, in addition to usual VA management, to prevent repeated suicide-related
behaviors or hospitalizations to prevent suicide (suicide-related events). Patients were recruited in
person by research coordinators and then randomized within permuted blocks of 4 within each site
and within 4 strata: bipolar disorder with prior suicide attempt, bipolar disorder without prior suicide
attempt, depression with prior suicide attempt, and depression without suicide prior attempt.

Participants were randomized to receive lithium beginning at a dose of 600 mg/d (300 mg/d if there
were contraindications to this dose) and titrated upward or placebo (98% microcrystalline cellulose).
Lithium (or placebo) serum concentrations were determined by a central laboratory after each dose
adjustment until steady state with a lithium concentration between 0.6 and 0.8 mEg/L (to convert to
millimoles per liter, multiply by 1). If participants could not tolerate the dose needed to achieve the
target concentration, they were given the maximum tolerated dose, at least 300 mg/d. Real or
simulated lithium concentrations, creatinine concentration, estimated glomerular filtration rate, and
review of symptoms were used to guide dosing by study physicians at each site. Medications were
dispensed in blister cards that contained 1- or 2-week supplies. After steady state was achieved,
lithium concentrations were determined monthly for 6 months and then quarterly. Lithium
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concentrations were measured more frequently if there were interacting medications or side effect
concerns.

Baseline characteristics, including race, ethnicity, sex, and psychiatric and medical comorbidities, all
known to be associated with suicidal behavior, were collected by participant self-report. Response
options for each were defined by the study investigators and complied with sponsor policies that
encouraged the collection of these data.

Mental health symptoms were measured by standardized instruments,2328 including the Columbia—

Suicide Severity Rating Scale®? and the Patient Health Questionnaire 9,2* the activation subscale of
the Internal State Scale,® the Barratt Impulsiveness Scale,2® and Buss-Perry Aggression
Questionnaire.2?

Study medications were added to usual VA mental health care, which included medications and
psychosocial treatment for mental health conditions and a range of rehabilitation- and recovery-
oriented services.

Outcomes

The primary study outcome was time to the first episode of any 1 of a set of suicide-related events
(patient outcomes). These included nonfatal suicide attempts, interrupted attempts, deaths by
suicide, and hospitalizations to prevent suicide over a 1-year follow-up period. These events were
classified using the Self-directed Violence Classification System.2 In this classification, suicide
attempts were equivalent to suicidal (or undetermined) self-directed violence, nonfatal and
interrupted attempts were equivalent to suicidal self-directed violence, interrupted. All outcomes
were adjudicated by an end points committee blinded to study treatment but with access to reports
from site investigators and documents from the VA (and, when relevant and available, other)
facilities.22 Adjudicators were asked to first determine whether an event should be considered a
primary outcome and then to classify the event. Two members of the committee evaluated each end
point independently. A third review was performed if there was disagreement.

Statistical Analysis

A modified intention-to-treat analysis of all randomized patients receiving at least 1 dose of their
study medication was conducted. Univariate and multivariate time-to-event analyses for primary
outcome were conducted with Cox proportional hazards regression models and adjusted for
covariates and randomization strata. Per-protocol analyses compared participants in the lithium
group with participants in the placebo group who had taken at least 80% of their medications based
on pill counts at the time of their first event or study completion.

The primary hypothesis was powered to test whether lithium compared with placebo resulted in a
reduction in the repeat event rate by 37.0%, estimated from literature values,2% and estimates of
nonadherence. Specifically, the hypothesis was designed to test for a reduction from 15.0% to 9.45%
for participants receiving lithium while those receiving placebo remained at 15.0%. On the basis of a
2-sided log-rank test (a =.05) the study had greater than 80% statistical power to detect hazards
ratios (HRs) greater than 1.64 or less than 0.61 based on a target recruited sample of 1862 and a final
evaluable sample of 1490, assuming a 20% attrition rate. A 2-sided P < .05 was considered to be
statistically significant.

Total follow-up ended at 13 months to detect events reported in the 1 month after completion that
might be affected by treatment. Follow-up included 2 components: active follow-up, while patients
were actively participating in study assessments, and passive follow-up, when patients discontinued
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active participation but when events could be identified through surveillance of VA electronic
medical records.

The complete protocol, plan of analysis, and futility analysis are available in Supplement 1.
Results
Patient Characteristics

A total of 21 887 veterans with recent suicidal behavior or hospitalization were identified from 29 VA
medical centers through electronic medical record data. Of these, 779 were eligible for and
consented to a second screening, and 521 (66.9%) consented and were randomized (Figure 1;

eFigure in Supplement 2).

Randomized participants were similar across a number of demographic characteristics, comorbid
illnesses, mental health conditions, and rating scale values (Table 1). A total of 439 (84.6%) had major
depression and 80 (15.4%) had bipolar disorder, but the treatment groups were balanced. Mean (SD)
treatment exposure was 6.7 (4.5) months for participants with major depression and 5.6 (4.6) for
participants with bipolar disorder. Overall mean (SD) lithium levels, including titration, were mean
0.42 (0.29) mEqg/L, with means (SDs) at 3 months of 0.54 (0.25) mEq/L for patients with bipolar
disorder and 0.46 (0.30) mEq/L for patients with major depressive disorder (n = 255; P=.11).

Primary Study Outcome

The trial was stopped for futility after 519 participants were randomized: 255 to lithium and 264 to
placebo. Demographic characteristics of the participants included mean (SD) age, 42.8 (12.4) years;
437 (84.2%) male; 9 (1.7%) American Indian; 5 (1.0%) Asian; 83 (16.0%) Black or African American; 7
(1.3%) Native Hawaiian, Pacific Islander, or Maori; 377 (72.6%) White; 18 (3.5%) with multiple race
selected; 20 (3.9%) of race unknown or not stated; 77 (14.8%) Hispanic or Latino; 437 (84.2%) not
Hispanic or Latino; and 5 (1.0%) of ethnicity unknown or not stated. The mean (SD) total follow-up
was 313 (134) days for the lithium group and 320 (133) days for the placebo group, and mean (SD)
active follow-up was 272 (150) days for the lithium group and 266 (152) days for the placebo group.
Of 429 candidate events considered by the end points committee, 197 events in 127 participants
were adjudicated to be outcomes (suicide-related events). The first events in these 127 participants
were primary outcomes (Table 2): 21 suicide attempts (suicidal self-directed violence), 28 interrupted
suicide attempts (interrupted suicidal self-directed violence), 73 hospitalizations to prevent suicide,
and 4 others (3 for which the end points committee determined that there was ambiguous evidence
of intent and that the events should be considered undetermined self-directed violence and 1 for
which the committee agreed that the event should be considered an outcome but for which there
was disagreement about the classification). Of 255 participants randomized to receive lithium, 65
(25.5%) had primary outcome events; among 264 receiving placebo, 62 (23.5%) had primary
outcome events. Overall, no treatment difference was found between lithium and placebo for the
primary outcome (Figure 2) (log-rank test: HR, 1.10; 95% Cl, 0.77-1.55; P = .61).

Cessation of Study Medication Use

Participants taking lithium or placebo who stopped treatment during the study had an increased rate
of suicide-related events (HR, 2.86; 95% Cl, 1.48-5.53; P = .007) without any difference between the 2
groups (HR, 1.11; 95% Cl, 0.78-1.57; P = .55) (Table 3).

Mental Health Symptoms
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No difference in mental health symptoms was found in baseline scores on the standardized
instruments3338 petween the treatment groups. Baseline scores for the Columbia—Suicide Severity
Rating Scale2 and the Patient Health Questionnaire 922 but not the activation subscale of the Internal
State Scale,® Barratt Impulsiveness Scale,® or Buss-Perry Aggression Questionnaire?’ significantly
estimated the primary outcome. Repeated-measures analyses for the Columbia—Suicide Severity
Rating Scale, the Patient Health Questionnaire 9, and the activation subscale of the Internal State
Scale identified no lithium-placebo differences over time.

Usual VA Mental Health Care

Study medications were added to usual VA mental health care, including medications and
psychosocial treatment for mental health conditions and a range of rehabilitation- and recovery-
oriented services. Participants in both study assignment groups had a mean (SD) of 1.15 (0.23)
mental health service visits per month, without differences in treatment group, and 10 to 12 study
visits during the year.

Per-Protocol Analyses

Only 1074 of 2154 lithium concentrations (49.9%) were 0.5 mEq/L or greater. Only 88 of 519
participants (17.0%) took 80% or more of their study medication (46 in the lithium group and 42 in
the placebo group) and were considered substantially adherent. Twenty of these participants had
primary outcomes (8 in the placebo group and 12 in the lithium group), a finding that was not
significant and did not favor lithium treatment (HR, 1.49; 95% Cl, 0.61-3.64) (Table 3).

In addition to assessing adherence, we gauged the success of double-blind procedures by asking
participants and the practitioners who prescribed study medication to guess their treatment
assignment at the end of the study. There was a higher tendency for participants taking lithium to be
willing to guess (141 of 246 [57.3%] vs 116 of 256 [45.3%]) and to correctly guess their assignment.
Among 151 participants taking lithium who made a guess, 96 (68.1%) were correct, whereas among
118 participants taking placebo who made a guess, only 57 (49.1%) were correct. Among 109
practitioners who made a guess for a participant taking lithium, 75 (68.8%) were correct, whereas
among 89 practitioners who made a guess for a participant taking placebo, only 34 (38.2%) were
correct.

Futility Analysis

As designed, the protocol called for an interim analysis when half of the planned sample was
entered. Before that time, however, prompted by concerns about the rate of enroliment, the Data
Monitoring Committee requested and reviewed a futility analysis (Supplement 1). At that time, after
43 months, there were 79 adjudicated primary outcomes. The futility analysis demonstrated that if
study enrollment continued assuming existing recruitment rates for 2 more years, under the
expected conditions of 37% fewer events in those treated with lithium, the probability of rejecting
the null hypothesis would have been less than 10%. The Data Monitoring Committee recommended
that the trial be stopped because of futility.

Safety

The incidence of serious adverse events was evenly distributed between the 2 groups. The most
frequent serious adverse event was hospitalization to prevent suicide. Only 7 participants
discontinued participation in the study because of serious adverse events. One developed lithium
toxic effects. No serious cardiac arrhythmias or irreversible renal or thyroid abnormalities occurred.
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Nonserious adverse events were consistent with lithium’s well-known adverse event profile. Safety
outcomes are reported in eTables 1 and 2 in Supplement 2.

Deaths

Four deaths occurred during the study, 3 in the first month of participation. One death occurred in
the lithium group from a self-inflicted gunshot. Three deaths occurred in the placebo group. One, a
suicide by self-inflicted gunshot, occurred after the participant had already experienced a primary
outcome. Another was from an opioid overdose. The third occurred during the 13th month of study
participation, but the cause could not be determined until 17 months after data collection was
closed. The VA records and the National Death Index indicated that the cause of death was suicide by
hanging, strangulation, or suffocation.

Discussion

To our knowledge, this is the largest randomized clinical trial of lithium to date that examines suicide-
related behaviors as the primary outcome. Lauterbach et al?2® and Girlanda et al? studied patients
with depression and found no significant effect of lithium. Oquendo et al? studied patients with
bipolar disorder and found no benefit of lithium over divalproex. None of these studies had adequate
statistical power. The present double-blind, placebo-controlled study found no benefit of lithium over
placebo for preventing or delaying suicide-related events (suicide attempts, interrupted attempts,
hospitalizations to prevent attempts, or deaths from suicide) when it was added to usual VA mental
health management.

Some issues require discussion. The study did not reach its original recruitment goal. One of the
barriers to recruitment was the perception of many of the clinicians caring for potential participants
that the effectiveness of lithium was already established; in fact, this perception was supported by
the VA/US Department of Defense Clinical Practice Guideline.2? Given that suicidal behavior occurs
across diagnoses, the inclusion of patients with both major depression and bipolar disorder,
including those with comorbidities, is a strength. However, the outcomes may have been sensitive to
the distribution of demographic characteristics and psychiatric diagnoses in the study population. For
example, the participants had a predominance of depression rather than bipolar disorder, the most
common indication for lithium use, and most participants had substance use disorders,
posttraumatic stress disorder, or both as comorbidities, possibly influencing outcomes. The study did
not have enough participants to evaluate outcomes for patients with bipolar disorder, to test
whether outcomes differed among patients with bipolar disorder and depression, or to assess
whether comorbidities attenuated the effects of lithium. Data on responses to prior treatments to
identify participants who were treatment resistant were insufficient.

The protocol increased participants’ contacts with the VA. Given that caring contacts, brief visits,
educational sessions, postcards, letters, and telephone calls can prevent reattempts, the
nonspecific elements of study participation may have affected outcomes. However, the estimate for
rates of fatal and nonfatal suicide attempts and interrupted attempts based on historic VA electronic
medical record data for the sample size calculations (15%) was substantially lower than the observed
rate for primary outcomes, but it was higher than the observed rate of attempts and interrupted
attempts (9.8%). In addition, the most frequent observed outcome was hospitalization to prevent
suicidal behavior. All these findings are consistent with increased surveillance. Our finding that
discontinuing use of study medication is associated with outcomes independent of treatment
assignment may provide further evidence of the importance of nonspecific effects.

Limitations
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This study has limitations, including high rates of attrition and low rates of substantial adherence
with study medication, resulting in only approximately half (48.1%) of the serum lithium
concentrations being 0.5 mEq/L or greater. Our findings are consistent with the 2013 meta-analysis%
that found no effect of lithium on nonfatal, deliberate self-harm, but we cannot address questions
about whether lithium can prevent death by suicide.

Our findings are not necessarily generalizable to other health care settings or to other patient
populations with differing proportions of individuals with bipolar disorder, lower rates of
comorbidities, or higher treatment adherence. Our findings are particularly relevant to questions
about outcomes for real-life patients and perhaps to speculations based on an ecologic study of
lithium in drinking water®? that found that very low doses of lithium could be effective. Most
important, our study suggests that in a population of patients with substantial comorbidities who are
actively being treated for mood disorders and coexisting mental health or substance use disorders,
simply adding lithium to existing medication regimens is unlikely to be effective for preventing an
outcome that draws from a broad range of suicide-related events. However, lithium still has a role in
the management of mood disorders, especially bipolar disorder.

Conclusions

This large randomized clinical trial of lithium treatment for suicidality did not find that lithium
prevented suicide-related events when added to usual VA mental health care of veterans with major
depressive disorder or bipolar disorder. Therefore, simply adding lithium to existing medication
regimens is unlikely to be effective for preventing a broad range of suicide-related events in patients
who are actively being treated for mood disorders and substantial comorbidities.
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