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ABSTRACT

BACKGROUND: Ketamine, an NMDA receptor antagonist, provides rapid antidepressant effects. Although much
research has focused on neural and molecular mechanisms of action, it is critical to also consider psychological
mechanisms that may contribute to its therapeutic efficacy. The construct of an awe-inducing experience, which is a
well-validated psychological phenomenon tied to emotional well-being, had not been applied previously in ketamine
research.

METHODS: One hundred sixteen participants with depression, 77 of whom received a ketamine infusion (0.5 mg/kg
over 40 minutes) and 39 patients who received saline placebo, completed a validated measure of awe (the Awe
Experience Scale [AWE-S]) at 40 minutes postinfusion. AWE-S scores were examined as potential mediators of
depression outcomes (% improvement in Montgomery—Asberg Depression Rating Scale score) at 5 postinfusion time
points (24 hours and 5, 12, 21, and 30 days). Dissociative effects, measured by Clinician-Administered Dissociative
States Scale scores, were tested in parallel mediation models for comparison.

RESULTS: We found that the psychological experience of awe was strongly reported by participants during ketamine
infusion, but not saline infusion, and there were significant associations between total AWE-S scores and
Montgomery—Asberg Depression Rating Scale score improvement (% change) in the ketamine arm at all 5 time
points. Furthermore, at all 5 time points, total AWE-S scores statistically mediated the relationship between
ketamine and Montgomery-Asberg Depression Rating Scale scores. By contrast, Clinician-Administered
Dissociative States Scale scores did not mediate outcomes at any time point.

CONCLUSIONS: Ketamine infusion strongly induced heightened feelings of awe, and these experiences consistently
mediated depression outcomes over a 1- to 30-day period, unlike general dissociative side effects. The specific awe-
inspiring properties of ketamine may contribute to its antidepressant effects.

https://doi.org/10.1016/j.bpsgos.2024.100316

Depression is a leading cause of morbidity and mortality
worldwide and is the projected leading cause of global disease
burden in the next decade (1). Ketamine, an NMDA receptor
antagonist, shows great promise for patients who are resistant
to first-line therapies or in need of immediate relief (2-4).
However, feasibility and safety concerns (5) as well as the
drug’s rapidly dissipating antidepressant effects following
each infusion (i.e., 1 to 2 weeks duration of relief) (6), have thus
far limited ketamine’s clinical impact (7). Esketamine, a Food
and Drug Administration—approved ketamine nasal spray, is
increasingly used to treat treatment-resistant depression but
presents similar challenges.

Ketamine’s antidepressant mechanisms are multifactorial.
In part, its mechanisms may be related to the role of glutamate
in neuroplasticity including downstream effects on synapto-
genesis (8,9). Recent data also suggest that ketamine impacts
burst firing in lateral habenular circuits that are relevant to

reward processing (10). Given the potential benefits of keta-
mine, it is critical to consider mechanisms by which its effects
can be prolonged and/or heightened. One such mechanism
may relate to ketamine’s psychological properties including
possible psychedelic or mystical elements. Such effects have
been linked to other beneficial outcomes after ketamine, such
as promoting abstinence among people with alcohol and
substance use disorders (11-13). It remains unclear whether
these properties similarly play a role in its antidepressant ef-
fects. Recent work suggests a relationship between ket-
amine’s psychedelic properties and depression outcomes (14),
but small sample sizes and a paucity of studies have limited
the conclusions that can be drawn from these studies.

The Clinician-Administered Dissociative States Scale
(CADSS) was originally created to measure dissociation in in-
dividuals experiencing psychosis. Recently, it has been
adopted to assess dissociative side effects of ketamine. It is
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currently unclear whether CADSS is an appropriate tool to
capture the experience of ketamine fully (15), and there are
conflicting results about its ability to predict clinical outcomes
(16,17). Rather than assuming that such findings indicate that
ketamine’s acute psychedelic properties are not strongly
relevant to its antidepressant effects, it is important to recog-
nize that a novel measurement tool may be useful to more
sensitively capture the unique experience of a ketamine infu-
sion. One such relevant aspect may be an experience of
“awe” —defined as a constellation of cognitive, affective, and
physiological reactions that occur when we encounter vast
mystery or a need for accommodation to rearrange knowledge
structures to make sense of what has been encountered
(18,19). The current study sought to explore the role of awe in
the administration of ketamine using the Awe Experience Scale
(AWE-S) (20), an instrument developed to capture the acute
state of awe. The AWE-S has been widely used and validated
in the field of social and cognitive-affective psychology, but
rarely in clinical research (see the Supplement for additional
background and rationale). To examine the potential role of
experiencing awe in ketamine’s antidepressant mechanisms of
action, we leveraged a randomized design and temporally
separated measurements (awe experiences measured imme-
diately after the infusion; depression outcomes measured
repeatedly at later, postinfusion time points) to perform sta-
tistical mediation analyses, which can provide a rigorous test
of mechanisms in the context of clinical trials (21).

In the context of a randomized controlled trial involving a
single infusion of ketamine (0.5 mg/kg over 40 minutes) or
saline, we sought to measure 1) whether ketamine infusion
involves awe-like experiences (relative to saline infusion); 2)
whether such experiences are correlated with acute (24 hours)
and longer-term (up to 30 days) antidepressant effects
following ketamine and/or saline infusion; and 3) whether acute
AWE-S scores statistically mediate antidepressant outcomes.
For comparison, we sought to contrast findings on the AWE-S
with those acquired using the CADSS to index general disso-
ciative side effects. Our sample of 116 patients with depres-
sion comprises the largest randomized controlled trial to date
that has explored acute psychological effects of ketamine in
the setting of depression treatment.

MATERIALS AND METHODS

This study utilized data from a parent study (Clinicaltrials.Gov:
NCT03237286) investigating 1) the neurocognitive mecha-
nisms of ketamine treatment, and 2) the efficacy of ketamine
combined with a novel digital therapy (automated self-
association training [ASAT]) (22). All patients reported moder-
ate to severe levels of depression (indicated by a score = 25
on the Montgomery—Asberg Depression Rating Scale
[MADRS]) and had previously undergone at least one unsuc-
cessful trial of a U.S. Food and Drug Administration-approved
antidepressant (45% had failed 3 or more trials). Patients’
existing depression treatment regimens were required to
remain stable for at least 4 weeks before screening and
throughout the 30-day trial. See the Supplement for additional
trial details including full inclusion/exclusion criteria and
CONSORT (Consolidated Standards of Reporting Trials)
information.

Awe Mediates Ketamine’s Effects on Depression

Participants were randomly assigned at a 2:1 ratio (strati-
fying randomization on sex and level of prior treatment resis-
tance) to receive either ketamine (at a dose of 0.5 mg/kg) or
saline (50 mL of 0.9% sodium chloride) through a 40-minute
infusion. The assessment of awe (detailed below) was
completed approximately 40 minutes after infusion start. The
following day, patients began 4 consecutive days of an addi-
tional, digital intervention (either active ASAT or sham ASAT,
delivered by computer, according to the patient’s random
assignment). Due to our principal interest in the impacts of
ketamine on awe, the current analyses focus on comparisons
of the ketamine versus saline groups, irrespective of ASAT
allocation. Please refer to the Supplement for additional details
of the active and sham ASAT conditions and sensitivity ana-
lyses exploring the impact of ASAT allocation on the current
findings.

To measure the specific psychological experience of awe
during ketamine infusion, we utilized the AWE-S, which was
added to the trial’s assessment battery midstudy (after
approximately 25% of participants had enrolled) based on the
authors’ growing familiarity with and interest in this construct.
The AWE-S is a 30-item, validated tool designed to quantify
the feeling of awe using 6 different subdomains: connected-
ness, time, vastness, accommodation (representing the need
to mentally attempt to accommodate unusual experiences into
existing mental schemas), self-diminishment (representing a
shrinking of self in the setting of something larger), and
physiological changes (20). Of the total of 154 participants who
were randomized in the parent study, 116 (n = 77 for ketamine
arm, n = 39 for saline) were administered the AWE-S at a 40-
minute postinfusion time point and were subsequently
included in this substudy. Immediately prior to the adminis-
tration of the AWE-S (i.e., also at the 40-minute timepoint), the
CADSS was administered by a trained rater. The CADSS
quantifies general dissociative symptoms (e.g., out-of-body
sensations, derealization, shifts in the perception of time and
surroundings), measuring a range of possible cognitive expe-
riences without specific links to the subjective experience of
awe, and has been used widely in prior ketamine research to
measure dissociative side effects.

The primary clinician-rated clinical outcome for the trial was
the MADRS, which was administered by a single experienced
masters-level rater, blinded to treatment condition, at pre-
infusion baseline and the following 5 time points
postinfusion: +24 hours, +5, +12, +21, and +30 days. Total
MADRS scores were used to calculate the percentage
improvement from preinfusion baseline at each time point to
enhance the clinical relevance and interpretability of post-
treatment scores.

Statistical analyses were performed using JMP16.0 and
MATLAB (version 2019b; The MathWorks, Inc.). Nonparametric
tests were used to compare AWE-S results (total scores and
each subdomain score) for study participants who received
ketamine with saline-treated control participants. Additionally,
the relationship between awe-inspiring experiences of keta-
mine (defined by higher AWE-S total scores, collapsing across
the 6 subscales) and percentage improvement in MADRS
scores at each available time point was assessed with
Spearman’s correlations to assess the clinical significance and
impact of acute experiences of awe during the infusion. To
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assess for possible statistical mediation effects of the AWE-S
in mediating the relationship between the ketamine interven-
tion and MADRS outcomes, the Multilevel Mediation and
Moderation Toolbox implemented in MATLAB was used to
perform mediation analyses based on a standard 3-variable
path model with a bootstrap test of the statistical signifi-
cance of the mediational pathway (path a X b). A statistically
significant a X b mediation pathway indicates the presence of
mediation, reflecting that the indirect effect of treatment group
on the outcome (MADRS % improvement) when controlling for
the mediator (path c’) is significantly reduced compared to the
total effect of treatment on MADRS improvement (path c). See
Figure 1 for a depiction of the hypothesized mediational model
that was tested in these analyses.

Each set of analyses was corrected for multiple compari-
sons across the 5 discrete MADRS outcome time points using
false discovery rate correction.

To probe the specificity of findings to the experience of awe
versus general dissociation effects of ketamine, all analyses
above were repeated using CADSS scores in place of AWE-S
scores. In the ketamine-treated group, the strength of corre-
lation coefficients linking MADRS improvement to each mea-
sure (AWE-S vs. CADSS) was compared using Fisher’s r-to-z
transformation tests within dependent samples.

RESULTS

Sample characteristics at baseline and treatment response
were comparable to the total sample in the parent trial (22) and
are detailed in Table S1.

Impact of Ketamine Versus Saline on AWE-S Scores

AWE-S scores in the ketamine group were normally distributed
(Shapiro-Wilk, p = .239; Anderson-Darling p = .383); however,
in the total sample and the saline group, the data were not
normally distributed (o < .001). As a result, nonparametric
statistical tests were used. In a Wilcoxon rank-sum test
comparing ketamine and saline arms, both total AWE-S score
and subdomain scores differed significantly (p < .0001) be-
tween groups. Table 1 and Figure 2A depict AWE-S scores as
a function of treatment group. The highest reported AWE-S

AWE scale
scores at 40
min (end of
infusion)

a*b (mediation path)

Treatment JrDepression
vs. > 24 hours >
Saline 30 days

c (direct path)
¢’ (indirect path)

Figure 1. Form of hypothesized mediational models tested in the current
analyses. AWE, Awe Experience Scale.
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score subscale in both groups was for the accommodation
subscale.

Associations Between AWE-S Scores and
Depression Outcomes

Using Spearman’s nonparametric correlations to account for
the non-normal distributions of scores (detailed above), we
found a significant association between total AWE-S scores
and MADRS improvement (% change) in the treatment arm at
all 5 time points after correcting for multiple comparisons (false
discovery rate—corrected p < .05). There were no significant
associations in the control group. Additionally, in exploratory
follow-up analyses, all 6 AWE-S subscales were significantly
associated with MADRS improvement (% change) in the
treatment group at one or more time points (see Supplement).
Figure 3 (left panels) depicts the linear relationships between
AWE-S scores and depression improvement in the ketamine
arm.

Statistical Mediation Models

Furthermore, in a series of mediation analyses (depicted in
Figure 1), we found that at all 5 MADRS time points, total
AWE-S scores mediated the relationship between ketamine
and MADRS scores (a X b mediation effects 24 hours: p =
.0028; day 5: p = .0154; day 12: p = .0027; day 21: p = .0018;
day 30: p = .0052; false discovery rate—corrected p < .05 for all
time points). At both 24 hours and 5 days postinfusion, there
was also a significant main (direct) effect of ketamine on
MADRS scores (24 hours: p < .0001; day 5: p < .001), while
from day 12 forward there was no longer a main effect of group
on MADRS scores (ps > .10). Because a main (direct) treatment
effect is not necessary to accurately identify a mediator (23),
these results suggest that for a specific subset of ketamine-
treated patients who reported particularly strong responses
of awe, larger antidepressant effects began within 24 hours
and then endured over a 30-day period, well beyond the time
period when a significant main group-level effect of ketamine
was observed. Refer to the Supplement for exploratory
post hoc mediational analyses conducted separately in the
ketamine+ASAT and ketamine+sham training subgroups.

Parallel Analyses for General Dissociative
Symptoms (CADSS Scores)

The data were not normally distributed (p < .001); therefore,
nonparametric testing was used including Wilcoxon rank-sum
tests and Spearman’s correlations. We found that the CADSS
total score obtained at 40 minutes was significantly higher in
study participants who received ketamine than in saline control
participants (p < .0001) (Table 1; Figure 2B). In contrast to the
AWE-S, we did not find a significant association between
CADSS scores and MADRS improvement in the ketamine arm
at any of the 5 time points (Table 2). AWE-MADRS correlations
were significantly stronger than CADSS-MADRS correlations
from the day 12 time point onward (Table 2). Figure 3 (right
panels) depicts the lack of any linear relationships between
CADSS scores and depression improvement in the ketamine
arm. There were a few modest positive correlations in the
CADSS analyses in the control group, but none survived
multiple comparisons correction (Table 2). Lastly, in a parallel
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Table 1. AWE-S and CADSS Scores by Treatment Group

Awe Mediates Ketamine’s Effects on Depression

Measure Total, n = 116 Ketamine Group, n = 77 Saline Group, n = 39 p Value for Group Comparison
Total AWE-S Score at 40 Minutes 84.9 (42.9) 104.6 (35.5) 46.2 (26.8) <.0001
Physical 11.9 (6.9) 13.9 (6.9 80.0 (4.9) <.0001
Self-diminishment 14.4 (8.5) 17.6 (7.7 7.9 (6.1) <.0001
Accommodation 19.6 (10.6) 25.0 (7.7 8.9 (6.2) <.0001
Connectedness 13.9 9.2) 17.5 (8.9 6.7 (4.2) <.0001
Time 11.9 (6.9) 13.9 (6.9 8.0 (4.9) <.0001
Vastness 13.3 (8.5) 16.7 (8.2 6.7 (3.6) <.0001
CADSS Score at 40 Minutes 8 (12.2) 13.8 (12. 1.3 (3.1) <.0001

Data are reported as mean (SD).

AWE-S, Awe Experience Scale; CADSS, Clinician-Administered Dissociative States Scale.

mediation analysis of the effect of ketamine on MADRS scores,
in contrast to total AWE-S scores, which mediated outcomes
at all 5 time points, we found that CADSS scores did not
mediate outcomes at any time point (a X b mediation effect ps
>.372).

DISCUSSION

In this study, we found that ketamine strongly induced
heightened feelings of awe in patients with depression. In
addition, the self-reported strength of the experience of awe
during a ketamine infusion statistically mediated ketamine’s
effect on clinician-rated improvements in depression symp-
toms. Mediation effects were present both for rapid depression
outcomes (at 24 hours and 5 days, when robust group-level
effects of ketamine were observed) as well as mediating the
level of enduring antidepressant effects observed up to 30
days postinfusion. Despite the fact that a notable improvement
in symptoms due to ketamine was no longer evident (in the
entire group) at this point in time, patients who reported
experiencing a high level of awe immediately after the infusion
continued to exhibit greater persistent antidepressant benefits
(Figure 3, left panel). In contrast, CADSS, a tool often used to
capture the dissociative effects of ketamine, did not mediate
depression outcomes, and correlations with depression im-
provements among ketamine-treated patients were nonsig-
nificant and substantially weaker than for the AWE-S,
particularly at later time points (postinfusion day 12-30). Our
results highlight the potential role of awe, a specific compo-
nent of the psychological experience during the infusion, in the
efficacy of ketamine treatment for depression.

Over the past 20 years, there has been mounting evidence
that ketamine is a fast-acting and effective treatment option for
treatment-resistant depression (2,24-27). Research aimed at
understanding this therapeutic effect has focused largely on
the molecular-, cellular-, and circuit-level mechanisms of ac-
tion, while relatively few studies have thoroughly explored
potential psychological components. As a result, there has
been widespread adoption in the academic research com-
munity of a biological model in which the acute cognitive and
psychological (e.g., dissociative) experiences of ketamine are
often seen as undesirable side effects. Studies that have
examined ketamine’s acute psychological or cognitive impacts
among patients with depression have largely focused on
general dissociative or psychotomimetic symptoms, such as
those captured by the CADSS. Studies using the CADSS have

yielded inconsistent results, with some finding that dissociative
experience is correlated with lower depression scores
following ketamine (28,29) and others finding no association at
all (30,31). Unexpectedly, CADSS scores in the current trial
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Figure 2. (A) Individual participant scores, boxplots (group median
marked by horizontal line), and violin plots for the Awe Experience Scale
(AWE-S) collected at the 40-minute postinfusion time point in the placebo
(saline) arm and the treatment (ketamine) arm. (B) Individual participant
scores, boxplots (group median marked by horizontal line), and violin plots
for the Clinician-Administered Dissociative States Scale (CADSS) collected
at the 40-minute postinfusion time point in the placebo (saline) arm and the
treatment (ketamine) arm.
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Table 2. Correlation of Depression Improvement Across
MADRS Time Points in Relation to AWE-S and CADSS

. :_-,.-;- ..-. l;'f-.(;;:_.\ ) Scores at 40 Minutes in the Total Sample and Separately
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Figure 3. Scatterplots depicting linear associations (with standard error
bands) in the group of ketamine-treated participants for the relationship
between depression improvement (Montgomery—Asberg Depression Rating
Scale [MADRS] % improvement) at 24 hours and at 5, 12, 21, and 30 days
postinfusion and 2 psychological measures collected on infusion day at the
40-minute postinfusion time point: Awe Experience Scale (AWE-S) total
scores (left panels) and Clinician-Administered Dissociative States Scale
(CADSS) total scores (right panels). For visualization purposes, original (raw)
total scores are presented. However, nonparametric (for group comparisons
and correlations) and bootstrapping (for mediation) tests were used for
statistical inferences, which are robust tests that can be applied even when
scales are non-normally distributed or skewed, including to manage the
presence of outliers. These tests minimize the impact of anomalies or dis-
crepancies in the range and distribution of the absolute (raw) scores
because prior to analysis, all raw values are first converted to rank-ordered
values.

were modestly (and nonsignificantly) correlated with re-
ductions in depression in the saline group only (Table 2),
suggesting that nonspecific factors (e.g., demand character-
istics, placebo effects), rather than specific drug actions, may
sometimes result in CADSS responses and depression out-
comes being linked.

Other work suggests that ketamine’s acute effects on
consciousness extend beyond dissociation. In a recent quali-
tative exploration of the experience of ketamine based on
patient interviews (14), the researchers posited that ketamine
may cause psychedelic experiences, which in turn helps par-
ticipants improve their outlook on challenges in their lives.
Additionally, the interviews suggested that the psychological
and mystical properties of ketamine are not fully captured by
scales that measure dissociative symptoms. The same study
also found that 3 subfactors of the 11-dimensions Altered

Data are reported as Spearman’s coefficients.

AWE-S, Awe Experience Scale; CADSS, Clinician-Administered Dissociative
States Scale; MADRS, Montgomery-Asberg Depression Rating Scale.

2Values indicate correlation is significant with false discovery rate-corrected
p < .05.

Pvalues show a significantly different (p < .05) strength of relationship for AWE-S
relative to CADSS among ketamine-treated participants, per Fisher's r-to-z
transformation and comparison tests of correlations drawn from dependent samples.

States of Consciousness rating scale, unity, spirituality, and
insight, were correlated with improved antidepressant out-
comes among patients treated with ketamine. These findings
are consistent with studies that have compared ketamine to
psilocybin, a known psychedelic. Vollenweider and Kometer
(32) administered the 5-dimensions Altered States of Con-
sciousness rating scale to healthy participants alongside
different dosages of ketamine and psilocybin. Both substances
caused dose-dependent psychological experiences ranging
from feelings of connectedness and an enjoyable blurring of
ego boundaries to a more fear-invoking ego dissolution similar
to psychosis (32). Studerus et al. (33) later found more nuanced
differences between the 2 substances using the 11-
dimensions version of the Altered States of Consciousness
scale. Importantly, ketamine enabled spiritual and unitive ex-
periences on par with psilocybin (33).

Our findings that awe experiences, but not general disso-
ciation, statistically mediated improvements in depression are
also consistent with findings from studies that were not
focused on depression treatment. Ketamine-induced mystical
experiences, measured by the Hood Mysticism Scale, have
been shown to be associated with improved outcomes in
cocaine use disorder (13,34) and alcohol use disorder (12).
Similar to our findings, both these studies found that the Hood
Mysticism Scale mediated the relationship between ketamine
and improvements in symptoms of substance disorders, while
CADSS scores did not.

More broadly, our findings are consistent with a growing
literature documenting the therapeutic and/or quality-of-life
benefits of awe experiences, which can be invoked through a
wide range of stimuli, including contact with nature, art, moral
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courage illustrated by others, and even everyday surroundings.
Pioneers in this field have argued that awe is a fundamental
human emotion, and its expression plays a critical role in our
social behavior and sense of self (18,19,35). In addition, ex-
periences of awe have been posited to have profound evolu-
tionary importance by connecting individuals to collectives and
helping them gain awareness of the systems around them.
Humans have a natural tendency toward a narrow focus on
both the self and cause-effect relationships, which may be
further exacerbated in the context of depression (36). The
experience of awe challenges this by bringing forth a systems
view of life, which can have important implications for survival
and provide a potential path to improved mental and physical
health (18). In a study that explored the effects of a daily “awe-
walk,” where participants are taught to shift attention outward
instead of inward and orient intentionally toward experiences
of awe, results showed that compared with participants who
took control walks, those who took awe walks exhibited
greater self-diminishment (i.e., a beneficial lessening of hyper
self-focus), joy, prosocial positive emotions, increasing
objective smile intensity over the study, and decreases in daily
distress (37). Additionally, in a representative national sample,
dispositional tendencies to experience awe predicted greater
generosity in an economic game above and beyond other
prosocial emotions, such as compassion (35). Given that
negative emotions are often found in a self-focused state, awe-
inducing events may be an effective and rapid tool to aid in-
dividuals in connecting to something greater than themselves,
with potential transformative impacts on life outlook, mental
state, and social relationships.

Notably, the current findings, which suggest a therapeutic
mechanism of ketamine captured at the psychological level of
analysis, do not negate or contradict the wealth of findings
regarding ketamine’s neurobiological and molecular mecha-
nisms of action, which have been studied extensively in both
animal models and human patients, [including in overlapping
subsets of patients drawn from this very clinical trial (9)]. As
theorized previously (8,38), ketamine-induced enhancements
in neuroplasticity —a key mechanism implicated in this robust
literature (8,39)—may in fact be apparent across numerous
levels of analysis in an integrated and/or synergistic fashion.
Thus, ketamine’s neuroplasticity mechanisms may include
plasticity appearing in the form of psychological flexibility in
human patients, and the immediate subjective experience of
awe could be one manifestation (and/or accelerant) of such
psychoplastogenic effects. Awe has previously been linked to
enhanced cognitive flexibility (19) and related changes in
neural network activation and connectivity (40-42), which
suggests its potential relevance to the neurocognitive sub-
strates of depression across multiple levels of analysis. The
current findings encourage more work that adopts an inte-
grative conceptualization of neuroplasticity, spanning tradi-
tionally separate literatures and methodologies. In addition to
neuroplasticity, several alternative mechanisms that could
relate to the current findings (e.g., lateral habenula/reward
function, contextual factors) are outlined in the Supplement.

Our findings may have treatment implications for expanding
on ketamine’s therapeutic potential. Combining ketamine with
mindfulness is a potential method by which the acute sub-
jective psychological experience can be fostered in a clinical

Awe Mediates Ketamine’s Effects on Depression

setting. Given that the experience of awe mediates the rela-
tionship between ketamine and improved depression scores,
ketamine adjunctive therapies as well as the treatment context
(set and setting) can both explicitly and implicitly encourage
and support this subjective experience for patients. While such
practices are routinely incorporated into clinical care in real-
world ketamine clinics and other ketamine treatment modal-
ities [e.g., at-home ketamine telehealth services (43)] and are
supported by work that suggests a correlation between
incorporation of psychotherapeutic techniques and beneficial
outcomes (44) and certain preliminary clinical trial findings
(34,45-47), studies with randomized designs are lacking to
robustly validate the value gained through such adjunctive
techniques. Additional research is needed to elucidate the role
of mindfulness, postinfusion integration work, and other
practices (e.g., cognitive behavioral therapy) that may support
and encourage an experience of awe in the setting of ketamine
infusion.

Limitations

The effect size for observed relationships between AWE-S
scores and depression outcomes ranged from small to me-
dium, which suggests that multiple additional sources of
variance in depression outcomes were likely influential. For
example, the parent clinical trial from which participants were
drawn tested an adjunctive digital therapy (ASAT) designed to
enhance and extend ketamine’s impact on depression. This
introduces an additional variable to the ketamine group that
was not utilized in this secondary study due to the discrete
goals of the current analysis (see the Supplement for sensitivity
analyses exploring the potential impact of an ASAT condition).
While the double-blind, randomized controlled design of this
study is a strength, saline (an inert placebo) was selected for
the control infusion so that all group differences in measured
mechanisms would be fully attributable to ketamine’s effects,
as opposed to being confounded by the (potentially different or
opposing) impacts of an alternate, psychologically and neu-
robiologically active substance [e.g., midazolam, which has
been used to provide improved, but still imperfect, patient
blinding in some ketamine trials (48,49)]. Saline offers inade-
quate protection against functional unblinding of participants
in the context of a potent psychoactive medication such as
ketamine (22), which leaves open the possibility that expec-
tancy effects contributed to both self-reported awe experi-
ences and clinical improvements in symptoms. The addition of
a measure of expectancies would help minimize this limitation
in future studies. Nevertheless, irrespective of the origin of
patients’ acute experiences of awe (whether expectancies,
ketamine’s psychopharmacological actions, or both), our
findings link awe experiences prospectively during an isolated
40-minute period to improvements in depressive symptoms
over a subsequent, much more enduring (30-day) period.

In this study, we did not randomize the order of adminis-
tration of CADSS and AWE-S, and thus the prior administration
of the CADSS might have affected patients’ ratings on the
AWE-S. Furthermore, the AWE-S was not part of the initial
study design and was introduced after 25% of the sample had
been recruited. Our methods did not include a measure of a
participant’s baseline propensity to experience awe or
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inclination toward experiencing awe, but only captured par-
ticipant’s experiences during a specific event (an infusion of
saline vs. ketamine). While our stratified, randomized design
provides protection against baseline group differences, it is
possible that unmeasured pre-existing personality traits or
other psychological factors differed across groups or that such
propensities helped to amplify (i.e., moderate) ketamine’s
acute effects in a subset of patients. Our design also did not
include other active treatments and thus cannot delineate the
specificity of our findings to ketamine per se; other antide-
pressant treatments (particularly those that exhibit acute psy-
choactive properties) may likewise involve changes in awe.
Some additional factors may further limit the generalizability of
our findings. First, our eligibility criteria, while designed to
broadly reflect ketamine-treated patients in clinical practice,
did not include individuals with bipolar depression or common
comorbid psychiatric conditions including ongoing moderate-
severe substance use disorders. Secondly, there is a lack of
racial and ethnic diversity in our sample, which reflects both
the geographic locale of study recruitment as well as the larger
systemic issue of minority underrepresentation in research
studies. Future studies with more diverse participants are
needed to delineate the generalizability and applicability of
ketamine infusion experiences across diverse populations.

Conclusions

In conclusion, our study suggests that the experience of awe
during ketamine infusion may play a mediating role in both
rapid and more sustained antidepressant effects over the
course of 1 month. These enduring statistical mediation effects
were observed even beyond the period when a significant
overall impact of ketamine was noted across all ketamine-
treated individuals, which suggests that individuals who do
not report experiencing strong awe-like experiences during the
infusion are more likely to experience a rapid return of
depression. By contrast, individuals who reported very strong
experiences of awe during the infusion were relatively buffered
against depression’s return for at least 1 month after a single
infusion. In contrast, a commonly used tool aimed at capturing
the general dissociative side effects of ketamine did not
mediate depression outcomes. Awe is a multifaceted, foun-
dational human emotion that has previously been tied to
mental health and well-being (18,19,35). Our findings, obtained
using a randomized controlled design, help illuminate the po-
tential significance of awe as a component of the subjective
psychological experience that unfolds during a ketamine
infusion, which may contribute to ketamine’s efficacy as a
treatment for depression.

ACKNOWLEDGMENTS AND DISCLOSURES

This work was supported by National Institute of Mental Health Biobehav-
joral Research Awards for Innovative New Scientists R0O1 (Grant No.
RO1MH113857 [to RBP]) and by the Clinical and Translational Sciences
Institute at the University of Pittsburgh (Grant No. UL1-TR-001857).

RBP and BP conceived and designed the study and collected the data.
JA and RBP analyzed and interpreted the data. JA drafted the manuscript.
All authors critically revised the manuscript for important intellectual content,
provided final approval, and agree to be accountable for all aspects of the
work.

Biological
Psychiatry:
GOS

We are deeply grateful to the study participants for their time and
dedicated collaboration in this work. We also gratefully acknowledge Jo-
seph Franklin, Ph.D., Chadi Abdallah, M.D., Ph.D., Satish lyengar, Ph.D., and
Lisa Parker, Ph.D., for their assistance with this work.

RBP is the named inventor on a University of Pittsburgh-owned patent
filing related to the combination intervention that was used in the parent
clinical trial. All other authors report no biomedical financial interests or
potential conflicts of interest.

ARTICLE INFORMATION

From the University of Pittsburgh School of Medicine, Pittsburgh,
Pennsylvania.

Address correspondence to Rebecca B. Price, Ph.D., at rebecca.price@
stanfordalumni.org.

Received Dec 19, 2023; revised Mar 12, 2024; accepted Apr 1, 2024.

Supplementary material cited in this article is available online at https://
doi.org/10.1016/j.bpsgos.2024.100316.

REFERENCES

1. Friedrich MJ (2017): Depression is the leading cause of disability
around the world. JAMA 317:1517.

2. Lee EE, Della Selva MP, Liu A, Himelhoch S (2015): Ketamine as a
novel treatment for major depressive disorder and bipolar depression:
A systematic review and quantitative meta-analysis. Gen Hosp Psy-
chiatry 37:178-184.

3. XuY, Hackett M, Carter G, Loo C, Galvez V, Glozier N, et al. (2016):
Effects of low-dose and very low-dose ketamine among patients with
major depression: A systematic review and meta-analysis. Int J Neu-
ropsychopharmacol 19:pyv124.

4. Kryst J, Kawalec P, Mitoraj AM, Pilc A, Lason W, Brzostek T (2020):
Efficacy of single and repeated administration of ketamine in unipolar
and bipolar depression: A meta-analysis of randomized clinical trials.
Pharmacol Rep 72:543-562.

5. Walter M, Li S, Demenescu LR (2014): Multistage drug effects of ke-
tamine in the treatment of major depression. Eur Arch Psychiatry Clin
Neurosci 264(suppl 1):S55-S65.

6. Schatzberg AF (2014): A word to the wise about ketamine. Am J
Psychiatry 171:262-264.

7. Price RB (2016): From mice to men: Can ketamine enhance resilience
to stress? Biol Psychiatry 79:e57-e59.

8. Price RB, Duman R (2020): Neuroplasticity in cognitive and psycho-
logical mechanisms of depression: An integrative model. Mol Psychi-
atry 25:530-543.

9. Kopelman J, Keller TA, Panny B, Griffo A, Degutis M, Spotts C, et al.
(2023): Rapid neuroplasticity changes and response to intravenous
ketamine: A randomized controlled trial in treatment-resistant
depression. Transl Psychiatry 13:159.

10. CuiY, Hu S, Hu H (2019): Lateral habenular burst firing as a target of
the rapid antidepressant effects of ketamine. Trends Neurosci 42:179-
191.

11. Grabski M, Borissova A, Marsh B, Morgan CJA, Curran HV (2020):
Ketamine as a mental health treatment: Are acute psychoactive effects
associated with outcomes? A systematic review. Behav Brain Res
392:112629.

12. Rothberg RL, Azhari N, Haug NA, Dakwar E (2021): Mystical-type
experiences occasioned by ketamine mediate its impact on at-risk
drinking:  Results from a randomized, controlled trial.
J Psychopharmacol 35:150-158.

13. Dakwar E, Levin F, Foltin RW, Nunes EV, Hart CL (2014): The effects of
subanesthetic ketamine infusions on motivation to quit and cue-
induced craving in cocaine-dependent research volunteers. Biol Psy-
chiatry 76:40-46.

14.  Sumner RL, Chacko E, McMillan R, Spriggs MJ, Anderson C, Chen J,
et al. (2021): A qualitative and quantitative account of patient’s expe-
riences of ketamine and its antidepressant properties.
J Psychopharmacol 35:946-961.

15. van Schalkwyk GI, Wilkinson ST, Davidson L, Silverman WK,
Sanacora G (2018): Acute psychoactive effects of intravenous

Biological Psychiatry: Global Open Science July 2024; 4:m—m www.sobp.org/GOS 7


mailto:rebecca.price@stanfordalumni.org
mailto:rebecca.price@stanfordalumni.org
https://doi.org/10.1016/j.bpsgos.2024.100316
https://doi.org/10.1016/j.bpsgos.2024.100316
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref1
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref1
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref2
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref2
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref2
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref2
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref3
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref3
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref3
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref3
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref4
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref4
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref4
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref4
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref4
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref5
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref5
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref5
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref6
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref6
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref7
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref7
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref8
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref8
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref8
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref9
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref9
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref9
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref9
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref10
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref10
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref10
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref11
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref11
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref11
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref11
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref12
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref12
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref12
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref12
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref13
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref13
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref13
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref13
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref14
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref14
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref14
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref14
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref15
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref15
http://www.sobp.org/GOS

Biological
Psychiatry:
GOS

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

8

ketamine during treatment of mood disorders: Analysis of the Clinician
Administered Dissociative State Scale. J Affect Disord 227:11-16.
Mathai DS, Nayak SM, Yaden DB, Garcia-Romeu A (2023): Reconsi-
dering “dissociation” as a predictor of antidepressant efficacy for
esketamine. Psychopharmacol (Berl) 240:827-836.

Niciu MJ, Shovestul BJ, Jaso BA, Farmer C, Luckenbaugh DA,
Brutsche NE, et al. (2018): Features of dissociation differentially predict
antidepressant response to ketamine in treatment-resistant depres-
sion. J Affect Disord 232:310-315.

Monroy M, Keltner D (2023): Awe as a pathway to mental and physical
health. Perspect Psychol Sci 18:309-320.

Shiota MN, Keltner D, Mossman A (2007): The nature of awe: Elicitors,
appraisals, and effects on self-concept. Cogn Emot 21:944-963.
Yaden DBK, Kaufman SB, Hyde E, Chirico A, Gaggioli A, Zhang JW,
Keltner D (2019): The development of the Awe Experience Scale
(AWE-S): A multifactorial measure for a complex emotion. J Posit
Psychol 14:474-488.

Kraemer HC, Wilson GT, Fairburn CG, Agras WS (2002): Mediators
and moderators of treatment effects in randomized clinical trials. Arch
Gen Psychiatry 59:877-883.

Price RB, Spotts C, Panny B, Griffo A, Degutis M, Cruz N, et al. (2022):
A novel, brief, fully automated intervention to extend the antidepres-
sant effect of a single ketamine infusion: A randomized clinical trial. Am
J Psychiatry 179:959-968.

O’Rourke HP, MacKinnon DP (2018): Reasons for testing mediation in
the absence of an intervention effect: A research imperative in pre-
vention and intervention research. J Stud Alcohol Drugs 79:171-181.
Alnefeesi Y, Chen-Li D, Krane E, Jawad MY, Rodrigues NB, Ceban F,
et al. (2022): Real-world effectiveness of ketamine in treatment-
resistant depression: A systematic review & meta-analysis.
J Psychiatr Res 151:693-709.

Parsaik AK, Singh B, Khosh-Chashm D, Mascarenhas SS (2015): Ef-
ficacy of ketamine in bipolar depression: Systematic review and meta-
analysis. J Psychiatr Pract 21:427-435.

Xiong J, Lipsitz O, Chen-Li D, Rosenblat JD, Rodrigues NB, Carvalho |,
et al. (2021): The acute antisuicidal effects of single-dose intravenous
ketamine and intranasal esketamine in individuals with major depres-
sion and bipolar disorders: A systematic review and meta-analysis.
J Psychiatr Res 134:57-68.

Anand A, Mathew SJ, Sanacora G, Murrough JW, Goes FS, Altinay M,
et al. (2023): Ketamine versus ECT for Nonpsychotic Treatment-
Resistant Major Depression. N Engl J Med 388:2315-2325.

Phillips JL, Norris S, Talbot J, Birmingham M, Hatchard T, Ortiz A, et al.
(2019): Single, repeated, and maintenance ketamine infusions for
treatment-resistant depression: A randomized controlled trial. Am J
Psychiatry 176:401-409.

Luckenbaugh DA, Niciu MJ, lonescu DF, Nolan NM, Richards EM,
Brutsche NE, et al. (2014): Do the dissociative side effects of ketamine
mediate its antidepressant effects? J Affect Disord 159:56-61.

Fava M, Freeman MP, Flynn M, Judge H, Hoeppner BB, Cusin C, et al.
(2020): Double-blind, placebo-controlled, dose-ranging trial of intra-
venous ketamine as adjunctive therapy in treatment-resistant
depression (TRD). Mol Psychiatry 25:1592-1603.

Lapidus KA, Levitch CF, Perez AM, Brallier JW, Parides MK,
Soleimani L, et al. (2014): A randomized controlled trial of intranasal
ketamine in major depressive disorder. Biol Psychiatry 76:970-976.
Vollenweider FX, Kometer M (2010): The neurobiology of psychedelic
drugs: Implications for the treatment of mood disorders. Nat Rev
Neurosci 11:642-651.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Awe Mediates Ketamine’s Effects on Depression

Studerus E, Gamma A, Vollenweider FX (2010): Psychometric evalu-
ation of the altered states of consciousness rating scale (OAV). PLoS
One 5:e12412.

Dakwar E, Nunes EV, Hart CL, Hu MC, Foltin RW, Levin FR (2018):
A sub-set of psychoactive effects may be critical to the behavioral
impact of ketamine on cocaine use disorder: Results from a random-
ized, controlled laboratory study. Neuropharmacology 142:270-276.
Piff PK, Dietze P, Feinberg M, Stancato DM, Keltner D (2015): Awe, the
small self, and prosocial behavior. J Pers Soc Psychol 108:883-899.
Hoffmann F, Banzhaf C, Kanske P, Bermpohl F, Singer T (2016): Where
the depressed mind wanders: Self-generated thought patterns as
assessed through experience sampling as a state marker of depres-
sion. J Affect Disord 198:127-134.

Sturm VE, Datta S, Roy ARK, Sible IJ, Kosik EL, Veziris CR, et al.
(2022): Big smile, small self: Awe walks promote prosocial positive
emotions in older adults. Emotion 22:1044-1058.

Wilkinson ST, Holtzheimer PE, Gao S, Kirwin DS, Price RB (2019):
Leveraging neuroplasticity to enhance adaptive learning: The potential
for synergistic somatic-behavioral treatment combinations to improve
clinical outcomes in depression. Biol Psychiatry 85:454-465.
Abdallah CG, Sanacora G, Duman RS, Krystal JH (2015): Ketamine
and rapid-acting antidepressants: A window into a new neurobiology
for mood disorder therapeutics. Annu Rev Med 66:509-523.

Takano R, Nomura M (2022): Neural representations of awe: Distinguish-
ing common and distinct neural mechanisms. Emotion 22:669-677.
Guan F, Zhao S, Chen S, Lu S, Chen J, Xiang Y (2019): The neural
correlate difference between positive and negative awe. Front Hum
Neurosci 13:206.

van Elk M, Arciniegas Gomez MA, van der Zwaag W, van Schie HT,
Sauter D (2019): The neural correlates of the awe experience: Reduced
default mode network activity during feelings of awe. Hum Brain Mapp
40:3561-3574.

Hull TD, Malgaroli M, Gazzaley A, Akiki TJ, Madan A, Vando L, et al. (2022):
At-home, sublingual ketamine telehealth is a safe and effective treatment
for moderate to severe anxiety and depression: Findings from a large,
prospective, open-label effectiveness trial. J Affect Disord 314:59-67.
Drozdz SJ, Goel A, McGarr MW, Katz J, Ritvo P, Mattina GF, et al.
(2022): Ketamine assisted psychotherapy: A systematic narrative re-
view of the literature. J Pain Res 15:1691-1706.

Dakwar E, Levin FR, Hart CL, Basaraba CN, Choi J, Pavlicova M,
Nunes EV (2020): A single ketamine infusion combined with motiva-
tional enhancement therapy for alcohol use disorder: A randomized
midazolam-controlled pilot trial. Am J Psychiatry 177:125-133.
Grabski M, McAndrew A, Lawn W, Marsh B, Raymen L, Stevens T,
et al. (2022): Adjunctive ketamine with relapse prevention-based
psychological therapy in the treatment of alcohol use disorder. Am J
Psychiatry 179:152-162.

Wilkinson ST, Rhee TG, Joormann J, Webler R, Ortiz Lopez M, Kitay B,
et al. (2021): Cognitive behavioral therapy to sustain the antidepres-
sant effects of ketamine in treatment-resistant depression: A ran-
domized clinical trial. Psychother Psychosom 90:318-327.

Wilkinson ST, Farmer C, Ballard ED, Mathew SJ, Grunebaum MF,
Murrough JW, et al. (2019): Impact of midazolam vs. saline on effect
size estimates in controlled trials of ketamine as a rapid-acting anti-
depressant. Neuropsychopharmacology 44:1233-1238.

Murrough JW, losifescu DV, Chang LC, Al Jurdi RK, Green CE,
Perez AM, et al. (2013): Antidepressant efficacy of ketamine in
treatment-resistant major depression: A Two-site randomized
controlled trial. Am J Psychiatry 170:1134-1142.

Biological Psychiatry: Global Open Science July 2024; 4:m—-m www.sobp.org/GOS


http://refhub.elsevier.com/S2667-1743(24)00029-6/sref15
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref15
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref16
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref16
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref16
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref17
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref17
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref17
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref17
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref18
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref18
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref19
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref19
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref20
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref20
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref20
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref20
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref21
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref21
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref21
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref22
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref22
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref22
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref22
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref23
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref23
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref23
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref24
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref24
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref24
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref24
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref25
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref25
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref25
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref26
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref26
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref26
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref26
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref26
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref27
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref27
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref27
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref28
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref28
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref28
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref28
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref29
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref29
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref29
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref30
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref30
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref30
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref30
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref31
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref31
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref31
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref32
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref32
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref32
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref33
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref33
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref33
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref34
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref34
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref34
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref34
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref35
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref35
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref36
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref36
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref36
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref36
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref37
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref37
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref37
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref38
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref38
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref38
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref38
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref39
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref39
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref39
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref40
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref40
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref41
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref41
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref41
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref42
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref42
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref42
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref42
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref43
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref43
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref43
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref43
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref44
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref44
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref44
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref45
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref45
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref45
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref45
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref46
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref46
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref46
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref46
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref47
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref47
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref47
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref47
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref48
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref48
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref48
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref48
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref49
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref49
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref49
http://refhub.elsevier.com/S2667-1743(24)00029-6/sref49
http://www.sobp.org/GOS

	Experiences of Awe Mediate Ketamine’s Antidepressant Effects: Findings From a Randomized Controlled Trial in Treatment-Resi ...
	Materials and Methods
	Results
	Impact of Ketamine Versus Saline on AWE-S Scores
	Associations Between AWE-S Scores and Depression Outcomes
	Statistical Mediation Models
	Parallel Analyses for General Dissociative Symptoms (CADSS Scores)

	Discussion
	Limitations
	Conclusions

	References


