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Abstract

Objective—Insomnia and disrupted sleep are associated with increased risk of suicide. The N-

methyl-D-aspartate antagonist ketamine has been associated with reduced suicidal thoughts, but the 

mechanism of action is unknown. This study sought to evaluate differences in nocturnal 

wakefulness in depressed individuals who did and did not have an antisuicidal response to 

ketamine.

Methods—Thirty-four participants with baseline suicidal ideation diagnosed with either DSM-IV 
major depressive disorder (n = 23) or bipolar depression (n = 11) between 2006 and 2013 

completed nighttime electroencephalography (EEG) the night before and the night after a single 

ketamine infusion (0.5 mg/kg over 40 minutes). Suicidal ideation was assessed at baseline and the 

morning after ketamine infusion via several measures, including the Hamilton Depression Rating 

Scale suicide item, the suicide item of the Montgomery-Asberg Depression Rating Scale, and the 

first 5 items of the Scale for Suicide Ideation. A generalized linear mixed model evaluated 

differences in nocturnal wakefulness, as verified by EEG, between those who had an antisuicidal 

response to ketamine and those who did not, controlling for baseline nocturnal wakefulness. 

Results were also compared to the sleep of healthy controls (n = 22).

Results—After analyses adjusted for baseline sleep, participants with an antisuicidal response to 

ketamine showed significantly reduced nocturnal wakefulness the night after ketamine infusion 

compared to those without an antisuicidal response (F1,22 = 5.04, P = .04). Level of nocturnal 
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wakefulness after antisuicidal response to ketamine did not differ significantly from nocturnal 

wakefulness in the control sample but did differ at a trend level (F1,40 = 3.15, P = .08).

Conclusions—Reductions in wakefulness following ketamine may point to a biological 

mechanism underlying the effect of ketamine on suicidal ideation.

Trial Registration—ClinicalTrials.gov identifier: NCT00088699

In 2012, there were 40,600 suicides in the United States, making it the tenth leading cause of 

death overall, but the second and third leading cause of death for ages 15–34 years and 10–

14 years, respectively.1 Despite the allocation of resources to predict and prevent suicide, 

national suicide rates have changed very little over the last 2 decades.2 Limited 

pharmacologic options exist for reducing suicide. Clozapine, a second-generation 

antipsychotic, is the only medication with a specific US Food and Drug Administration 

(FDA) indication for reducing the risk of recurrent suicidal behavior, specifically in those 

with schizophrenia.3 Both electroconvulsive therapy4 and lithium,3 a mood stabilizer, are 

also thought to have antisuicidal properties.

Given the limited ability of medications to reduce suicide, primary research goals include 

identifying and understanding underlying risk factors for suicide, which may then guide the 

development of targeted interventions.5 Unlike age or gender, sleep is a modifiable risk 

factor and potential treatment target for reducing suicidal thoughts and behaviors.6 

Considerable research has demonstrated that disrupted sleep is associated with increased risk 

of suicide death in both adults and adolescents,7–9 and this association is often independent 

of depressive symptoms.10 Numerous sleep parameters have been investigated in 

conjunction with suicide risk, including sleep duration,11 difficulty falling asleep,12 and 

difficulty staying asleep.12 However, most published studies that have systematically 

investigated this relationship have relied on self-reported data; few studies have used 

objective measures, such as nighttime electroencephalography (EEG), to evaluate sleep in 

those with suicidal thoughts. Furthermore, critical methodological differences have 

prevented comparison of effects and correspondence.13

Investigators have also worked to understand how psychotropic medications—particularly 

antidepressants—affect sleep and whether an association exists between sleep changes and 

antidepressant response.14 Although antidepressants have been shown to affect objective 

sleep measures, few studies have investigated how sleep changes relate to clinical 

antidepressant response. For example, in several studies of depressed patients, fluoxetine and 

fluvoxamine decreased sleep efficiency and increased the number of awakenings,15–18 while 

other selective serotonin reuptake inhibitors (eg, sertraline, citalopram) did not affect sleep 

efficiency or continuity.18–20 Roth and colleagues investigated the effects of doxepin, a 

tricyclic antidepressant, and found that it improved sleep efficiency and reduced the number 

of awakenings after sleep onset; these measures correlated with improvement in depressive 

symptoms.21 However, none of these studies examined the relationship between sleep 

changes and antisuicidal response.

Understanding the role of sleep continuity in suicidal and depressed individuals would help 

clarify its potential role both as a neurobiological factor that contributes to acute suicide risk 
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and as a future target for suicide prevention. Specifically, the relationship between reduced 

suicidal thoughts and sleep measures—such as nighttime EEG—has not previously been 

examined. This study used nighttime EEG to investigate the relationship between nocturnal 

wakefulness and antisuicidal response to ketamine, an N-methyl-D-aspartate (NMDA) 

receptor antagonist, in treatment-resistant patients with current suicidal ideation 

experiencing a major depressive episode. Previous studies found a rapid decline in suicidal 

ideation after a single ketamine infusion,22,23 and some of these effects were demonstrated 

to occur independently of antidepressant response.24 This work builds on our previous sleep 

EEG analysis, which demonstrated that wakefulness after sleep onset, particularly between 

the hours of 4:00–4:59 AM, was associated with next-day suicidal thoughts in depressed 

patients, even after adjusting for age, gender, diagnosis, and severity of depression.25 Our 

analyses focused on hourly totals of wakefulness between midnight and 4:59 AM specifically 

because of our previous findings as well as recent research suggesting that this time period 

may be critical for suicide risk.26

METHODS

Patient Population

This study was a secondary analysis that included 34 patients with suicidal ideation and 

treatment-resistant depression who participated in a series of clinical trials to evaluate the 

efficacy of ketamine between 2006 and 2013 (ClinicalTrials.gov identifier: 

NCT00088699).27–30 Patients were 18–65 years old (20 men, 14 women; mean age = 44.97 

years, SD = 13.28) and had a diagnosis of either major depressive disorder (MDD) (n = 23) 

or bipolar disorder (n = 11); diagnoses were determined by a face-to-face interview with a 

licensed, independent practitioner and confirmed with the Structured Clinical Interview for 

Axis I DSM-IV Disorders-Patient Version (SCID). All patients were currently experiencing 

a major depressive episode. Inclusion criteria required a Montgomery-Asberg Depression 

Rating Scale (MADRS) score reflecting at least moderate severity (greater than 2027,29 or 

2228 depending on the substudy for which the participant enrolled). Acute suicidal thoughts 

signaling imminent suicide risk upon entry to the study (before medication taper) were an 

exclusion criterion for one of the clinical trials.

All MDD patients were medication-free for at least 2 weeks (5 weeks for fluoxetine), and 

bipolar disorder patients were only taking either lithium or valproate at therapeutic levels. 

Subjects were not allowed scheduled or PRN use of hypnotics. All participants were 

inpatients on the Mood and Anxiety Disorders Research Unit at the National Institute of 

Mental Health (NIMH) in Bethesda, Maryland, and provided written informed consent 

before entry into the study.

Notably, a subset (n = 11) of patients in this sample were randomized to receive a single 

dose of riluzole (50 mg), a glutamate modulator FDA-approved for the treatment of 

amyotrophic lateral sclerosis, the night after receiving open-label ketamine infusion. 

Because previously published data31 suggested that add-on riluzole does not affect slow-

wave activity beyond the effects already seen with ketamine, planned analyses were 

completed for the entire sample (n = 34) as well as among the subsample that received 

ketamine only (n = 23).
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Baseline sleep data were also obtained for 22 healthy control subjects (11 men, 11 women; 

mean age = 37.14 years, SD = 10.21). These controls were assessed using the SCID, 

physical and neurologic examinations, and laboratory tests; they had no current or past 

psychiatric diagnoses or first-degree relatives with DSM Axis I disorders. All control 

subjects gave written informed consent as approved by the NIMH Institutional Review 

Board and participated at the Mood and Anxiety Disorders Research Unit at the NIMH.

Study Design

All patients received intravenous ketamine hydrochloride (0.5 mg/kg over 40 minutes). 

Polysomnography (PSG) was completed the night before and the night after ketamine 

infusion, as previously described.31 Briefly, all patients were adapted to the sleep study prior 

to their first recorded PSG. The whole-night PSG used a Nihon-Khoden System (Neurofax 

version 05–50) and Polysmith Acquisition and Review software (version 4.0.25.0) to record 

EEGs (C3/A2 and C4/A1), electrooculograms, and submental electromyograms. The EEGs 

were read in 30-second epochs by a reviewer blind to patient status and study night (eg, pre- 

or post-ketamine). For each 30-second epoch, the patient was classified as being either 

awake or asleep. Because our primary focus was wakefulness that interrupted the continuity 

of sleep, hourly minutes awake for each hour of the night from midnight until 04:59 AM were 

calculated. Figure 1 illustrates the timeline of sleep studies, assessments, and ketamine 

infusion.

Assessments

The HDRS was administered 60 minutes before ketamine infusion and in the morning of the 

day after ketamine infusion (ie, the morning after the second recorded nighttime EEG). The 

HDRS includes 1 item reflecting suicidal ideation and behavior that is scored on a scale of 0 

to 4, where 0 represents no suicidal ideation or behavior and 4 represents active attempts at 

suicide. For confirmatory purposes, analyses were also run using the MADRS suicide item 

(item 10), which is rated from 0 to 6,32 and the first 5 items of the clinician-administered 

Scale for Suicidal Ideation (SSI5)33 as outcome measures. The MADRS, SSI5, and HDRS 

were all administered at the same time points. In addition, the first 5 items of the SSI were 

included in the analysis, as these items were consistently administered to all participants and 

because previous analyses found that the SSI5 is particularly sensitive to rapid changes in 

suicidal thoughts after ketamine administration.34

Analysis

Data were limited to participants who reported any suicidal ideation at baseline (Hamilton 

Depression Rating Scale [HDRS]35 suicide item > 0). An antisuicidal response to ketamine 

was operationalized as any participant who reported suicidal thoughts (HDRS score > 0 on 

suicide item) before ketamine infusion and no suicidal thoughts (HDRS suicide item = 0) 1 

day after ketamine infusion. This cutoff mirrored our previous analysis,25 which 

demonstrated that individuals with a HDRS score over 0 on the suicide item had more 

nocturnal wakefulness on nighttime EEG, particularly later in the night. For confirmatory 

analyses using either the MADRS suicide item or the SSI5, a score of 2 or more was 

considered to be “any suicidal ideation.”36,37
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T tests and χ2 tests were used to evaluate possible baseline demographic, clinical, or sleep-

related differences between suicide responders and nonresponders to ketamine. Due to the 

distribution of minutes awake, a negative binomial generalized linear mixed model with a 

log linking function was used to evaluate differences in nocturnal wakefulness between 

suicide responders and nonresponders the night after ketamine infusion. Minutes awake was 

the outcome variable, and suicide responder status was the independent variable. The time 

frame was limited to 12:00 AM to 4:59 AM, in line with previous analyses by our group that 

showed that nocturnal wakefulness during this time was associated with suicidal thoughts 

the following morning,25 as well as epidemiologic results suggesting that this time period is 

associated with high rates of suicide death.26 Time was included in the model in 1-hour 

intervals, and nocturnal wakefulness over the previous night (before ketamine infusion) was 

added as a time-dependent covariate. The mixed model included a first-order autoregressive 

structure according to Schwarz’s Bayesian fit criteria, and due to the small sample size, a 

Satterthwaite approximation was used to determine degrees of freedom. Violations of model 

assumptions were assessed using robust estimation of fixed effects and coefficients. Because 

this sample included some patients who received add-on riluzole, the same analysis was 

completed on the sample that only received ketamine. As a corroboratory test, another 

generalized linear mixed model was used to compare waking in suicide responders to 

healthy controls. As another analysis, the model was run adjusting for the effect of 

psychiatric diagnosis (MDD vs bipolar disorder) both as a main effect and as an interaction. 

As a last analysis, the model was run adjusting for antidepressant response, which was 

operationalized as a 50% reduction in HDRS score with the suicide item removed. All 

statistics were conducted using IBM SPSS version 21, and significance was considered at P 
< .05, 2-tailed.

RESULTS

No significant differences were observed in baseline demographic, clinical, or nocturnal 

EEG verified wakefulness for those who did and did not have an antisuicidal response to 

ketamine, with the exception of clinically determined melancholic depression (Table 1).

Patterns of nocturnal wakefulness over the 2 nights of the analysis are presented in Figure 2. 

When controlling for baseline nocturnal wakefulness, the generalized linear mixed model 

indicated a significant difference in wakefulness on the night after ketamine infusion 

between suicide responders and nonresponders to ketamine (F1,22 = 5.04, P = .04, d = 0.96), 

with responders demonstrating fewer minutes of nocturnal wakefulness. The time-by-

responder interaction was at a trend level (F4,57 = 2.23, P = .08).

When the sample was limited to the 23 suicidal participants who had only received ketamine 

(and not riluzole), overall differences were comparable. The main effect of antisuicidal 

treatment response was at a trend level in the expected direction (F1,13 = 4.28, P = .059, d = 

1.15), but the time-by-responder interaction was significant (F4,37 = 3.93, P = .009). Post hoc 

tests demonstrated a significant difference between responders and nonresponders only at 

the 3:00–3:59 hour (F1,42 = −8.04, P = .02, d = 0.88). In order to compare this subsample 

(participants who did not receive riluzole) to the entire sample (all 34 participants), effect 

sizes (Cohen d) were calculated for each main effect. The effect size for overall nocturnal 
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wakefulness in responders compared to nonresponders was d = 1.15 in the non-riluzole 

subsample and d = 0.96 in the overall sample, both indicating a large effect.

Mean minutes awake by hour of night in suicide responders and nonresponders to ketamine 

are presented in Figure 3. Minutes awake in the healthy control sample that did not receive 

ketamine are also plotted. A generalized linear mixed model found a trend between suicide 

responders to ketamine and healthy controls (F1,40 = 3.15, P = .08, d = 0.56), suggesting 

potential differences between the healthy controls and those participants who experienced an 

antisuicidal response to ketamine. No significant group-by-time interaction was observed 

(F4,72 = 0.44, P = .78).

To confirm these results, we ran similar analyses using the MADRS suicide item and the 

SSI5 as outcome measures, with results compared using effect sizes. Using the MADRS 

suicide item (n = 36), the main effect of the response was significant (P = .04), with an effect 

size of d = 0.88. Using the SSI5 (n = 24), the main effect was not significant (P = .20) 

despite a comparable effect size (d = 0.88), which suggests that the reduced significance 

may be due to the smaller sample size.

As a secondary analysis, we also evaluated the impact of diagnosis on the results using the 

HDRS suicide item. When diagnosis was added to the model, a significant main effect was 

still seen for response (P = .02, d = 0.94). Neither diagnosis alone nor any of the interaction 

terms with diagnosis were significant. Due to the relationship between suicidal thoughts and 

depression, we also ran analyses adjusting for antidepressant response. When antidepressant 

response was added to the model (reduction in HDRS with the suicide item removed), the 

main effect of the suicide response became a trend (P = .080), with a medium effect size (d = 

0.49). Neither antidepressant response nor the interaction term with antidepressant response 

was significant.

DISCUSSION

Depressed patients who experienced an antisuicidal response to a single ketamine infusion 

had decreased nocturnal wakefulness the night after ketamine compared to those with no 

antisuicidal response. The pattern of nocturnal wakefulness by clock time (ie, between 

midnight and 4:59 AM) for those with an antisuicidal response appeared to normalize after 

ketamine and reflected similar sleep patterns as healthy volunteers. This effect was observed 

after controlling for baseline sleep (ie, the night prior to ketamine infusion). The findings 

suggest that reduced nocturnal wakefulness following ketamine infusion may point to an 

underlying neurobiological mechanism for the effect of ketamine on suicidal thoughts.

These findings converge with recent studies demonstrating that a subanesthetic dose of 

ketamine rapidly decreases suicidal ideation,22,23 though the mechanism of antisuicidal 

response remains unknown. To date, no studies have evaluated EEG-assessed nocturnal 

wakefulness, a correlate of insomnia and subjective sleep disturbance, as one such factor. 

Antidepressant response to ketamine is likely multifactorial at the cellular and molecular 

level, and possibly includes increased α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 

acid to NMDA receptor throughput and/or increased synaptogenesis secondary to increased 
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brain-derived neurotrophic factor (BDNF) release.38 Evidence also suggests that, although 

ketamine’s antisuicidal response may be related to its antidepressant effects, the former is 

not entirely driven by the latter,24 suggesting that other mechanisms may be responsible for 

the antisuicidal response. At the neural circuit level, baseline suicidal ideation and regional 

cerebral glucose metabolism in the infralimbic cortex were significantly correlated on 

positron emission tomography imaging, but overall mood scores were not.39 Furthermore, 

Ballard and colleagues39 found that reductions in suicidal ideation after ketamine infusion 

were correlated with decreased regional cerebral glucose metabolism in the infralimbic 

cortex, but other mood symptoms were not. In the current study, a model controlling for 

antidepressant response showed a reduced effect of suicidal ideation on wakefulness, but 

antidepressant response was not significantly associated with wakefulness in this model; 

therefore, results are somewhat inconclusive. These results underscore the importance of 

future studies of ketamine response in patients selected for suicide risk, rather than 

depressive disorder diagnosis.

Multifactorial hypotheses have been advanced regarding possible cellular/molecular 

mechanisms for ketamine’s antisuicidal effects. One hypothesis proposes a connection 

between low-grade brain inflammation with glutamate agonism and suicidal ideation/

behavior40,41 as well as disturbed sleep.42 Another potential pathway is the connection 

between BDNF, sleep, and suicide. The presence of the BDNF single nucleotide 

polymorphism rs6265 (Val66Met) was significantly associated with suicide attempts.43 

Furthermore, decreased BDNF levels were found in patients who recently attempted suicide 

compared to nonsuicidal MDD patients or normal controls.44 Interestingly, ketamine 

significantly increases plasma BDNF levels in those who exhibit an antidepressant response, 

and this effect is most pronounced in those with the Val/Val BDNF allele at rs6265.45,46 

Moreover, Duncan and colleagues reported that BDNF levels increased after ketamine 

infusion in those with an antidepressant response, and that this was associated with 

increased slow-wave sleep during the first non-REM episode.31 Future investigations are 

needed to investigate whether antisuicidal response to ketamine may correlate with BDNF 

levels and other sleep architecture variables.

This study has several strengths. First, in contrast to previous studies, sleep changes were 

measured objectively (via EEG), and antisuicidal response secondary to a pharmacologic 

agent (ketamine) was directly investigated. Second, several metrics measuring suicidal 

ideation were used (HDRS, MADRS, and SSI) to provide corroborating evidence. Third, 

this study used healthy controls as a comparison group.

Nevertheless, the study is also associated with several limitations. First, due to safety 

concerns, the study population excluded patients who had acute, serious suicidal thoughts or 

behaviors, which prevented analysis of patients at imminent risk of suicide. Second, all 

participants had treatment-resistant depression and thus the results may not be generalizable 

to patients with suicidal ideation and non–treatment-resistant depression or other psychiatric 

diagnoses. Third, because sleep analyses were limited to minutes awake per night, other 

sleep architecture variables (eg, REM sleep, slow-wave sleep) require further investigation. 

Fourth, the relationship between sleep and both antisuicidal and antidepressant response 

requires additional investigation, as secondary analyses that adjusted for antidepressant 
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response had reduced significance, though still trending in the expected direction; additional 

investigations with larger sample sizes may provide more conclusive results. Fifth, the 

depressed sample was not matched to the healthy control sample. Sixth, these findings 

cannot address causation. Further studies are needed to evaluate whether improving 

disrupted sleep and suicidal ideation with ketamine is a specific effect or whether other 

antidepressant agents that improve sleep would have similar effects. Finally, the role of 

depressive subtypes, such as melancholic depression assessed using DSM-confirmed 

criteria, may be beneficial in future analyses, as melancholia has been shown to be an 

important predictor of suicide.47

Despite these limitations, to our knowledge this study is the first to investigate how the 

rapid-acting, antisuicidal effects of ketamine may be related to night-time wakefulness 

patterns during sleep. Depressed participants with an antisuicidal response to ketamine 

showed reduced wakefulness following ketamine, a sleep pattern that resembled the sleep of 

healthy controls. The findings of this study are consistent with previous time-of-day studies 

showing that increased wakefulness between midnight and 4:59 AM is associated with 

increased suicidal ideation the next day25 and that increased rates of death by suicide occur 

at the same general clock time (ie, early morning hours).26 Current psychotropic 

medications can take weeks to months to achieve a desired treatment response. This time 

frame underscores the need for novel, rapid-acting antidepressant therapies, particularly for 

those at elevated risk for suicide. Finally, the results identify a potential mechanism for the 

rapid reduction of suicidal thoughts after ketamine infusion by implicating its impact on 

disturbed sleep. Future analyses should seek to investigate and replicate this key 

phenomenon.
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Clinical Points

■ Disrupted sleep is associated with increased risk of suicide, and ketamine 

may have antisuicidal effects. However, no studies have examined the 

relationship between nocturnal wakefulness and antisuicidal response to 

ketamine.

■ Participants with an antisuicidal response to ketamine showed significantly 

reduced nocturnal wakefulness the night after ketamine infusion. This may 

point to an underlying mechanism of ketamine’s effect on suicidal ideation.
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Figure 1. 
Timeline for Ketamine Infusion, Assessments, and Sleep Studiesa

aParticipants completed an adaptation sleep study prior to their first recorded 

polysomnography (PSG), which occurred the night before the ketamine infusion. A second 

recorded PSG was done the night after the ketamine infusion. Ratings were taken 60 minutes 

before ketamine infusion and then again 24 hours later.
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Figure 2. 
Relationship Between Wakefulness From 12:00–4:59 AM and Antisuicidal Response to 

Ketaminea

aEach line represents the wakefulness pattern of 1 participant. Parts A and C show baseline 

minutes awake recorded from the baseline sleep study (ie, night before ketamine) in 

participants who did (A) and did not (C) have an antisuicidal response to ketamine. Parts B 

and D show minutes awake recorded from the second sleep study (ie, night after ketamine) 

in participants who did (B) and did not (D) have an antisuicidal response to ketamine. Part E 

shows minutes awake recorded in a sample of healthy controls who did not receive 

ketamine.
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Figure 3. 
Average Wakefulness in Suicide Responders, Nonresponders, and Healthy Controlsa

aMean and standard error for wakefulness-by-hour for the night following ketamine infusion 

in participants with and without an antisuicidal response to ketamine. The wakefulness of 

the healthy control sample (n = 22) is shown as a comparison group.

Vande Voort et al. Page 15

J Clin Psychiatry. Author manuscript; available in PMC 2017 November 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vande Voort et al. Page 16

Table 1

Baseline Demographic and Clinical Characteristics for Responders Versus Nonresponders to Ketamine

Responders at
Day 1 (n = 14)

NonResponders
at Day 1 (n = 20)

n (%) n (%) χ2 P

Male gender 7 (50) 13 (65) 0.77 .38

Lifetime history of suicide attempt 8 (57) 11 (55) 0.02 .90

Bipolar I or II diagnosis 5 (36) 6 (30) 0.12 .73

Melancholic depression 2 (14) 10 (50) 4.60 .03

Mean (SD) Mean (SD) t P

Age, y 45.14 (13.04) 44.85 (13.79) 0.06 .95

Illness duration, y 27.00 (12.71) 25.30 (11.32) 0.62 .54

Baseline clinical characteristics

  SSI 3.86 (5.11) 4.44 (5.98) −0.29 .77

  Depression/sleep HDRS items

    Suicide item 1.50 (0.76) 1.75 (0.79) −0.93 .36

    Early insomnia 1.29 (0.91) 0.95 (0.94) 1.03 .31

    Middle insomnia 0.71 (0.73) 1.20 (0.77) −1.86 .07

    Late insomnia 0.64 (0.74) 0.85 (0.88) −0.72 .48

    Remaining HDRS items 19.36 (2.76) 17.90 (3.58) 1.28 .21

Baseline sleep characteristics

  Total sleep time, min 364.43 (39.93) 369.90 (71.99) −0.46 .80

  Wakefulness after sleep onset, min 38.86 (24.73) 59.70 (59.77) …a .74

  Sleep efficiency (%)b 89.48 (6.24) 85.19 (14.20) …a .85

a
Nonparametric test using Mann-Whitney U.

b
Percentage of time asleep to time spent in bed.

Abbreviations: HDRS = Hamilton Depression Rating Scale, SSI = Scale for Suicide Ideation.
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