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Abstract

Background: Clinical trials of intravenous (IV) racemic (R,S)-ketamine (hereafter referred to as IV ketamine) have consistently
reported rapid and substantial reductions in overall depressive symptoms compared with saline (inactive placebo) or
midazolam (active placebo). The evidence for IV ketamine’s specific effects on suicidal ideation is less clear, however. This
study sought to examine whether differential placebo (saline or midazolam) response to overall depressive symptoms vs
suicidal ideation may help explain these divergent findings.

Methods: Data for this participant-level integrative data analysis were drawn from 151 participants across 10 studies, and
linear regression was used to examine the relationship between placebo response for suicidal ideation vs other depressive
symptoms indexed from standard rating scales—specifically, depressed mood, anhedonia, anxiety, and guilt—over time.
Results: For participants receiving saline placebo (n=46), greater placebo response was observed for suicidal ideation
compared with other symptoms indexed from standard depression rating scales, except for anxiety. For those receiving
midazolam placebo (n=105), greater placebo response was observed for suicidal ideation compared with depressed mood or
anhedonia, and no significant differences were observed when comparing suicidal ideation with anxiety or guilt.
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Significance Statement

of clinical trial design affect placebo response.

Clinical trials of intravenous (IV) ketamine have consistently reported improvement in overall depressive symptoms, but studies
of ketamine’s specific effects on suicidal thoughts have reported conflicting results. This study sought to investigate whether, on
average, individuals who receive placebo—either inactive saline or active midazolam (a medication that can cause sedation)—
have a greater improvement in suicidal thoughts than other depressive symptoms, such as low mood, loss of ability to experi-
ence pleasure, and feelings of guilt or worthlessness. Greater improvements in suicidal thoughts caused by placebo may make it
more difficult to detect improvements in suicidal thoughts from potential treatments such as ketamine. This study found prelim-
inary evidence that placebo may improve suicidal thoughts more than other depressive symptoms in individuals participating in
clinical trials of single-dose IV ketamine. Future work is needed to replicate the findings and to investigate how other key aspects

Conclusions: Taken together, the results provide preliminary evidence of a differential placebo response for suicidal ideation
vs other depressive symptoms, while anxiety and suicidal ideation appear to produce similar placebo response profiles.
These findings may help explain the more modest findings in clinical IV ketamine trials for suicidal ideation than overall

depression.
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INTRODUCTION

Clinical trials of intravenous racemic (R,S)-ketamine (hereafter
referred to as IV ketamine) have consistently reported rapid and
substantial reductions in overall depressive symptoms com-
pared with placebo (Zarate et al., 2006; Murrough et al., 2013;
Han et al., 2016). Evidence of IV ketamine’s specific effect on sui-
cidal ideation is less clear, however. A previous meta-analysis of
10 randomized controlled trials found that IV ketamine rapidly
reduced suicidal ideation within 24 hours after infusion and that
this effect was sustained up to 1 week after infusion (Wilkinson
et al., 2018). Conflicting findings have also been noted, however,
in trials of IV ketamine (Murrough et al., 2013; Grunebaum et al.,
2017; Grunebaum et al., 2018; Ionescu et al., 2019). Although not
the subject of this analysis, the related compound esketamine
(the intranasally delivered [S]-enantiomer of ketamine) has also
produced conflicting findings with regard to suicidal ideation
(Canuso et al., 2018; Fu et al., 2020; Ionescu et al., 2021), and
the emergence of suicidal ideation has been shown to be more
common in those receiving esketamine than in those receiving
venlafaxine (Gastaldon et al., 2021). Several possible reasons
exist for these divergent findings, including route of delivery (IV
vs intranasal), trial phase, and trial setting (early clinical trials in
well-controlled settings vs later-stage trials in real-world envir-
onments), among other factors.

One comparatively underexplored possibility is that differ-
ential placebo response to overall depressive symptoms vs sui-
cidal ideation may affect results. Clinical trials in psychiatry,
particularly studies of depression, have long been plagued by
high placebo response rates (Fava et al., 2003). Here, placebo re-
sponse is defined as any change in the outcome of interest re-
sulting from placebo being provided, including all contextual
effects (eg, investigator-participant interaction, natural course
of the disease, and regression to the mean). In contrast, placebo
effect refers more narrowly to the neurophysiologic changes
associated with placebo being provided (Haflidadéttir et al,
2021). In this manner, placebo response is the aggregate of pla-
cebo effects and additional contextual effects. The higher the
rate of placebo response, the lower the likelihood of detecting
a therapeutic effect (lovieno and Papakostas, 2012). Previous
studies identified several study design-based factors and
patient-centered factors that moderate relatively high placebo

response, including low baseline severity of symptoms, unbal-
anced randomization, and more recent publication year for the
trial (Weimer et al., 2015). The degree to which placebo response
rates differ between various symptom domains has rarely been
studied, however. Even less is known about placebo response in
studies of suicidal ideation.

Studies examining data drawn from IV ketamine trials have
investigated individual differences in placebo response to de-
pressive symptoms and to suicidal ideation by type of placebo—
specifically, saline (inactive placebo) vs midazolam (active
placebo). Midazolam was initially used in IV ketamine trials be-
cause of concerns that IV ketamine’s psychotomimetic side ef-
fects might lead to functional unblinding when compared with
saline (Murrough et al., 2013); midazolam, a benzodiazepine
with anxiolytic effects and a similar pharmacokinetic profile to
IV ketamine, may mask nonspecific behavioral effects, thus re-
ducing the likelihood of unblinding. A previous meta-analysis of
IV ketamine studies suggested that midazolam might be more
strongly associated with a differential drug-control reduction in
depressive symptoms than saline (Wilkinson and Farmer, 2019),
although no direct comparison between saline and midazolam
has been investigated in a clinical trial. In addition, the effect
size of IV ketamine vs midazolam on suicidal ideation was
found to be more modest than that for IV ketamine vs saline
(Wilkinson et al., 2018; Wilkinson and Farmer, 2019), but this re-
sult did not reach statistical significance, possibly because of the
small sample size (Wilkinson et al., 2018). No research to date
on placebo response has directly compared symptom domains
such as suicidal ideation and nonsuicidal depressive symptoms.

This study examined differential placebo response to sui-
cidal ideation compared with nonsuicidal depressive symptoms
indexed from standard depression rating scales—specifically,
depressed mood, anhedonia, anxiety, and guilt—in IV ketamine
trials using a saline or midazolam comparator. These symptoms
were chosen for 2 reasons. First, like suicidal ideation, these
symptoms may exhibit greater variability over the short term
than other depressive symptoms, such as sleep or appetite,
which may be less responsive to treatment in the short term.
Second, like suicidal ideation, these symptoms are traditionally
represented by a single item on clinical measures of depression



in clinical trials (Luckenbaugh et al., 2015). In addition, depressed
mood may provide an overall summary of a participant’s de-
pression. The study hypotheses were that (1) placebo response
would be larger for suicidal ideation than for depressed mood,
anhedonia, or guilt regardless of whether saline or midazolam
was used as a comparator, and (2) suicidal ideation and anx-
iety would show similar response profiles when saline was used
as a comparator because of the expected high reactivity and
variability of both symptom types but, because of midazolam’s
anxiolytic effects, response would be larger for anxiety than for
suicidal ideation when midazolam placebo was used.

MATERIALS AND METHODS

Participants

Data were initially drawn from two systematic reviews
(Wilkinson et al., 2018; Wilkinson and Farmer, 2019) that included
13 randomized controlled trials examining the antidepressant
effects of IV ketamine vs placebo (either saline or midazolam)
and 2 additional midazolam-controlled studies evaluating IV
ketamine for treatment-resistant depression (N=495) (Fava et
al., 2020; Phillips et al., 2020). Of those 15 trials, 2 studies (Sos et
al., 2013; Hu et al., 2016) were excluded from the final data set
because additional participant-level data required for our ana-
lysis were no longer available (personal communication with
authors). Three additional studies (Berman et al., 2000; Valentine
et al,, 2011; Feder et al., 2014) were excluded because no study
participant met criteria for inclusion in our final data set, which
required suicidal ideation, anhedonia, anxiety, and feelings of
guilt at baseline (Montgomery-Asberg Depression Rating Scale
[MADRS] item score >2 or Hamilton Depression Rating Scale
[HAM-D]) item score >1 on all 4 items), and receipt of placebo.
Two studies were combined for this analysis because they were
conducted under the same research protocol (Diazgranados et
al., 2010; Zarate et al., 2012). Our final sample thus consisted of
151 participants (46 of whom received saline and 105 of whom
received midazolam) drawn from 10 studies (Zarate et al., 2006;
Diazgranados et al., 2010; Zarate et al., 2012; Murrough et al.,
2013; Murrough et al., 2015; Grunebaum et al., 2017; Grunebaum
et al,, 2018; Nugent et al., 2019; Fava et al., 2020; Phillips et al.,
2020). All studies that used saline as a placebo and employed
a cross-over design, while all but 1 study (Phillips et al., 2020)
that used midazolam as a placebo employed a parallel design.
Two studies were conducted in an outpatient setting, both of
which used midazolam as placebo (N=42). Additional details for
all the included studies can be found in Table 1. All patients gave
written informed consent when entering the original studies.

Measures

The primary outcome measures were MADRS and HAM-D scores;
each scale contains single-item questions relating to depressed
mood (MADRS item 2 and HAM-D item 1), anhedonia (MADRS
item 8 and HAM-D item 7), anxiety (MADRS item 3 and HAM-D
item 10), guilt (MADRS item 9 and HAM-D item 2), and suicidal
ideation (MADRS item 10 and HAM-D item 3). The MADRS items
are rated on a 6-point scale, while the HAM-D items are rated
on a 4-point scale. Four of the 10 studies included in our data
set used the MADRS, 3 used the HAM-D, and 2 used both scales
(Table 1).

To enable comparison across studies and scales, item scores
were recorded on a scale of 0 to 3, with the following scores:
none (score of 0), mild (score of 1), moderate (score of 2), or
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severe (score of 3) (see Table 2). The timing of assessments varied
by study and included assessments at baseline and at days 1, 2,
3, 5, and 7 after infusion; the studies conducted baseline, day
1, and day 7 assessments, except for 1 midazolam study that
did not include a day 1 assessment and 2 midazolam studies
that did not include a day 7 assessment (see Table 1). Additional
participant-level data included age, sex, diagnosis, use of con-
comitant medications, and setting (inpatient or outpatient).

Statistical Analysis

Summary statistics were calculated for demographic and clin-
ical characteristics by study and placebo type. Linear mixed
models were used to examine the relationship between placebo
response for suicidal ideation vs each additional comparator
depressive symptom (depressed mood, anhedonia, anxiety,
and guilt) over time. Each model was structured as a repeated-
measures model, with 2 outcomes per person: (1) suicidal idea-
tion item score and 2) comparator depressive symptom item
score. The predictor variables were symptom domain (an in-
dependent variable to indicate either suicidal ideation or the
comparator depressive symptom), time (treated as a categorical
variable, with the following levels: baseline, day 1 after infusion,
and day 7 after infusion), and a symptom domain indicator by
time interaction. The symptom domain by time interaction was
the main test of our hypothesis of a differential placebo response
for suicidal ideation vs the comparator depressive symptom
over time. Study and a symptom domain by study interaction
were included as fixed effects in all models to allow baseline
suicidal ideation and comparator depressive symptom scores
to vary by study. The model included a random intercept for
each participant, with an exchangeable within-participant cor-
relation structure estimated separately for each symptom do-
main (suicidal ideation or comparator depressive symptom). All
models were run with and without adjustment for covariates,
including sex, age, diagnosis, and use of concomitant medica-
tions. To allow for model convergence, age was dichotomized
(<45 or > 45 years) in adjusted models. Because placebo type (sa-
line or midazolam) was collinear with study, separate models
were run for saline and midazolam.

We conducted several sensitivity analyses to test for ro-
bustness. First, to address missing data, we ran complete case
analyses for each model. Second, each model was run with the
original uncombined scales (MADRS or HAM-D) as the outcome
variables to ensure that recoding into a combined variable did
not substantially affect the results. Third, we reran the models
after having removed participants who received placebo second
in a cross-over study to evaluate the effect of differing placebo
expectancy. All analyses were conducted using Stata, version 16,
statistical software (StataCorp, College Station, TX, USA).

RESULTS

Of the 151 participants analyzed (drawn from 10 studies), 46 par-
ticipants (drawn from 4 studies) received saline, and 105 partici-
pants (drawn from 6 studies) received midazolam (Table 1). The
mean (SD) age of the participants who received saline was 42.3
(12.4) years, 25 (54.4%) were female, 30 (65.2%) had a diagnosis
of major depressive disorder (MDD), and 16 (34.8%) were taking
concomitant psychotropic medications during the study period.
The mean (SD) age of the participants who received midazolam
was 41.1 (11.9) years, 62 (59.6%) were female, 91 (86.6%) had a
diagnosis of MDD, and 70 (66.7%) were taking concomitant
psychotropic medications during the study period. Severity of
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depressive symptom scores varied by study and placebo type;
specifically, severity of suicidal ideation was higher at baseline
in studies that used midazolam as a placebo than in those that
used saline, while severity of anxiety and guilt were higher in
those who used saline (Table 3).

For simplicity, results are reported only for the primary
models; fixed effects of study, which were included in every
model, are not shown (for results of the full models, see supple-
mentary Tables S1- S4). A similar pattern of results was observed
in sensitivity analyses with complete cases (see supplementary
Tables S5 and S6), with the original uncombined scales (MADRS
or HAM-D) as the outcomes (see supplementary Tables S7 and
S8), and after removing participants who received placebo
second in a cross-over study (see supplementary Tables S9 and
S10).

For the participants who received saline placebo, suicidal
ideation showed greater placebo response (reduction in item
score from baseline) than depressed mood, anhedonia, or guilt
after adjusting for covariates (Table 4). Specifically, suicidal idea-
tion decreased by 0.50 points (95% confidence interval [CI]: -0.75
to -0.25) on the combined 0 to 3 scale from baseline to day 1,
with a 1-point difference representing a change in clinical cat-
egory (ie, severe to moderate or moderate to mild). From base-
line to day 1, depressed mood decreased by 0.13 points (95%
CI: -0.30 to 0.04), anhedonia decreased by 0.06 points (95% CI:
-0.14 to 0.01), and guilt decreased by 0.25 points (95% CI: -0.42 to
-0.08). A difference in day 1 change from baseline was found be-
tween suicidal ideation and depressed mood (b=-0.37 [95% CI:
-0.66 to -0.07]) and anhedonia (b=-0.43 [95% CI: -0.7- to -0.16]).
A difference in day 7 change from baseline was also observed
for suicidal ideation vs anhedonia (b=-0.31 [95% CI: -0.61 to
-0.001]) and guilt (b=-0.39 [95% CI: -0.72 to -0.05]). No signifi-
cant differences were observed in day 1 or day 7 change from
baseline between suicidal ideation and anxiety.

For the participants who received midazolam placebo, sui-
cidal ideation showed greater placebo response (reduction in
item score) than depressed mood and anhedonia after adjusting
for covariates (Table 4). Suicidal ideation decreased by 0.48
points (95% CI: -0.68 to -0.29) from baseline to day 1 compared
with a decrease of 0.29 points (95% CI: -0.42 to -0.17) for de-
pressed mood and 0.18 points for anhedonia (95% CI: -0.34 to
-0.02). A difference in day 1 change from baseline was found
for suicidal ideation vs anhedonia (b=-.30 [95% CI: -0.52 to
-0.08]). Although a difference in day 1 change from baseline
was observed for suicidal ideation vs depressed mood in the un-
adjusted model (b=-0.23 [95% CI: -0.44 to -0.02]), this result was
not statistically significant in the model adjusted for covariates
(depressed mood: b=-0.19 [95% CI: -0.39 to 0.01]). A difference
in day 7 change from baseline was also observed for suicidal
ideation vs depressed mood (depressed mood: b=-0.17 [95% CI:
-0.34 to -0.001]). No significant differences were observed in day
1 or day 7 change from baseline between suicidal ideation and
anxiety or guilt.

DISCUSSION

This participant-level integrative data analysis of IV ketamine
studies found a greater placebo response for suicidal ideation
than depressed mood, anhedonia, or guilt in participants re-
ceiving saline placebo and a greater placebo response for suicidal
ideation than depressed mood or anhedonia in participants re-
ceiving midazolam placebo. These results generally support our
first hypothesis, although no difference in placebo response for
suicidal ideation vs guilt was observed in participants receiving

midazolam placebo. In addition, a similar placebo response was
noted for both suicidal ideation and anxiety, regardless of the
type of placebo used, contrary to our second hypothesis that
midazolam placebo response would be greater for anxiety than
for suicidal ideation. Overall, the results provide preliminary
evidence of a differential placebo response for suicidal ideation
vs other depressive symptoms but a similar placebo response
for anxiety and suicidal ideation.

Several factors may underlie this finding of greater pla-
cebo response for suicidal ideation than for other depressive
symptoms. First, research in different psychiatric populations,
including those with depression, suggests that longitudinal tra-
jectories of suicidal ideation may be highly variable for some
patients (Kleiman et al., 2017; Madsen et al., 2019; Rizk et al.,
2019; Bloomfield-Clagett et al., 2022). This variability suggests
that suicidal ideation may be particularly reactive to a variety of
influences, including psychological factors and environmental
stimuli that participants in a clinical trial may experience more
frequently (ie, interactions with treatment providers) (Kleiman
and Riskind, 2013). In this context, isolating the influence of a
pharmacologic treatment may be difficult in the presence of
a potentially large placebo response because of these other
nonpharmacologic influences. Second, it is possible that specific
characteristics of the studies and analyses presented here—
such as study population and outcome measures—are biasing
the results. It should be noted, however, that although differ-
ences in baseline severity across symptoms may exist and dif-
ferent item scores may be differentially sensitive to change, the
relative robustness of the results across symptom pair models,
type of placebo, and sensitivity analyses is reassuring.

These findings differed from our hypotheses in some re-
spects. With regard to the divergent findings for guilt between
saline and midazolam placebo, the day 1 estimate for suicidal
ideation was greater than that for guilt in participants receiving
midazolam placebo, as expected; however, the result was not
statistically significant, suggesting that our sample size may not
have been large enough to detect a difference. As regards the
finding that midazolam placebo response to anxiety and sui-
cidal ideation did not differ, it is possible that no difference was
observed 24 hours after infusion because of midazolam’s rela-
tively short half-life (Heizmann et al., 1983). In addition, findings
from both pharmacologic and nonpharmacologic clinical trials
suggest that improving anxiety measures may have subsequent
antisuicidal effects (Ballard et al., 2014; Schmidt et al., 2017),
and other research suggests that the relationship between anx-
iety and suicidal ideation may occur independent of depression
(Sareen et al., 2005; Capron et al., 2012).

Several additional limitations to this analysis bear mention.
First, this was an exploratory analysis, and the relevant findings
should be interpreted with caution. Second, of the 6 midazolam
studies included, 1 did not include an assessment at day 1, and
2 studies did not include an assessment at day 7. The complete
case analysis conducted to address these missing data, how-
ever, obtained similar results (see supplementary Tables S5 and
S6). Third, all studies included in this analysis were single-dose
studies of IV ketamine; the effects of repeat-dose IV ketamine
on depressive symptoms are currently being researched. Fourth,
although the item scores used as outcomes in the analysis are
ordinal in nature, for the purposes of this analysis they were
treated as continuous because the differences between levels
were clinically meaningful and the assumption of equal inter-
vals between scores should not greatly distort the results.
Treating the outcome measures as continuous also improves the
interpretability of the results, and this approach has been used
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Table 4. Continued

Guilt

Anxiety

Anhedonia

Depressed Mood

PValue Adjb°® 95% CI P Value

95% CI

PVvalue b

PValue Adjb® 95% CI

95% CI

PValue Adjb® 95% CI PValue b

95% CI

PVvalue b

PValue Adjb°® 95% CI

95% CI

b

0.751 -0.02 -0.19to 0.859 0.03 -0.15to 0.762 0.04 -0.14 to 0.692

-0.21to

0.033 -0.17 -0.34to 0.048 -0.12 -0.35to 0.286 -0.11 -0.34to 0.333 -0.03

-0.36 to

-0.19

SIx day 7

0.21

0.20

0.16

0.15

0.11

0.10

0.00

-0.01

Random effects

0.09-0.25

0.15

0.16 0.09-0.26

0.06-0.17

0.10

0.07-0.17

0.11

0.05-0.17

0.09

0.10 0.05-0.18

0.05-0.18

0.10

0.06-0.19

0.11

Subject intercept

0.20-0.39

0.28

0.29 0.21-0.39

0.19-0.32

0.25

0.20-0.32

0.25

0.20-0.36 -

0.27

0.21-0.36

0.27

0.15-0.27

0.22 0.17-0.29 0.20

Residual var (Sx)

-0.05 to

05

0.

-0.04 to

0.05

-0.08 to

-0.02

-0.01 -0.07 to

-0.10 to

-0.04

-0.09 to

-0.03

-0.04 to

0.02

-0.03 to

0.03

Residual cov (Sx)

0.14
0.37-0.60

0.14
0.37-0.60

0.04
0.42-0.64

0.05
0.42-0.64

0.03
0.43-0.64

0.03
0.53  0.44-0.65

0.08
0.42-0.65

0.10

0.52  0.42-0.65

0.47

0.47 -

0.52

0.52

0.53

0.52

Residual var (SI)

-0.03 to -

0.08

0.01-0.22 - 0.13 0.02-0.24 - 0.06 -0.05to -

0.12

0.03-0.25 -

- 0.14

0.13  0.02-0.24

0.03-0.25 -

0.14

0.00-0.23 -

0.12

Residual cov (SI)

0.19

0.17

Abbreviations: Adj adjusted; CI, confidence interval; cov, covariance; SI, suicidal ideation; var, variance; Sx, comparator symptom.

2All models include study as a fixed effect as well as a study-by-symptom domain interaction. The reference group for SI symptom domain is the comparator depressive symptom domain. The reference group for day is day 0

(baseline).

*Adj b: For saline models, betas adjusted for age and sex (not adjusted for diagnosis or concomitant medications because these variables are collinear with study). For midazolam models, betas adjusted for age, sex, diagnosis,

and concomitant medications.
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in similar studies (Wilkinson et al., 2018; Wilkinson and Farmer,
2019). Fifth, although the models included baseline clinical
and demographic variables to adjust for possible confounders,
we could not test for moderation effects, which in our models
would involve a 3-way interaction that our analysis was not
powered to detect. Finally, saline and midazolam studies also
differed in terms of their study design (parallel vs cross-over),
so it cannot be definitively determined whether the observed
findings were the result of placebo type or study design. Similar
results were obtained, however, when restricting the data set to
include only participants who received placebo in phase 1 of a
cross-over design (and who, thus, were as likely to receive pla-
cebo as participants in a parallel-design study), suggesting that
study design did not substantially affect the findings.

These findings suggest a greater placebo response for sui-
cidal ideation than for nonsuicidal depressive symptoms that
may contribute to more modest findings in clinical trials of
IV ketamine for suicidal ideation. Further studies with larger
sample sizes are needed to replicate the above findings and
to examine how differential placebo response to different
symptom domains and with different scales may affect results.
It should be noted that our sample did not allow the investi-
gation of whether other study factors—such as treatment set-
ting (inpatient or outpatient) or stage (early clinical trials in
well-controlled settings vs later-stage trials in real-world envir-
onments)—might have affected placebo response rates. Future
research is warranted to investigate these factors.

Supplementary Materials

Supplementary data are available at International Journal of
Neuropsychopharmacology (JNPPY) online.
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