Research

JAMA Psychiatry | Original Investigation

Evaluation of Early Ketamine Effects on Belief-Updating Biases
in Patients With Treatment-Resistant Depression

Hugo Bottemanne, MD; Orphee Morlaas, MS; Anne Claret, MD; Tali Sharot, PhD; Philippe Fossati, MD, PhD; Liane Schmidt, PhD

Multimedia
IMPORTANCE Clinical research has shown that persistent negative beliefs maintain
depression and that subanesthetic ketamine infusions induce rapid antidepressant
responses.

Supplemental content

OBJECTIVE To evaluate whether ketamine alters belief updating and how such cognitive
effects are associated with the clinical effects of ketamine.

DESIGN, SETTING, AND PARTICIPANTS This study used an observational case-control protocol
with a mixed-effects design that nested 2 groups by 2 testing time points. Observers were
not blinded. Patients with treatment-resistant depression (TRD) and healthy volunteer
participants aged 34 to 68 years were included. Patients with TRD were diagnosed with
major depressive disorder or bipolar depression, had a Montgomery-Asberg Depression
Rating Scale score greater than 20, a Maudsley Staging Method score greater than 7,

and failed to respond to at least 2 prior antidepressant trials. Exclusion criteria were

any other psychiatric, neurological, or neurosurgical comorbidities, substance use or
addictive disorders, and recreational ketamine consumption. Data were collected from
January to February 2019 and from May to December 2019, and data were analyzed

from January 2020 to July 2021.

EXPOSURES Patients with TRD were observed 24 hours before single ketamine infusion,
4 hours after the infusion, and 4 hours after the third infusion, which was 1 week after
the first infusion. Healthy control participants were observed twice 1 week apart without
ketamine exposure.

MAIN OUTCOMES AND MEASURES Montgomery-Asberg Depression Rating Scale score and
belief updating after belief updating when patients received good news and bad news
measured by a cognitive belief-updating task and mathematically formalized by a
computational reinforcement learning model.

RESULTS Of 56 included participants, 29 (52%) were male, and the mean (SEM) age

was 52.3 (1.2) years. A total of 26 patients with TRD and 30 control participants were
included. A significant group x testing time point x news valence interaction showed that
patients with TRD updated their beliefs more after good than bad news following a single
ketamine infusion (controlled for age and education: B = -0.91; 95% Cl, -1.58 to -0.24;

ty16 = —2.67; P = .008) than controls. Computational modeling showed that this effect was
associated with asymmetrical learning rates (LRs) after ketamine treatment (good news LRs
after ketamine, 0.51[SEM, 0.04]; bad news LRs after ketamine 0.36 [SEM, 0.03], t,5 = 3.8;
P <.001) and partially mediated early antidepressant responses (path a*b: 3 = -1.00

[SEM, 0.66]; t,¢ = -1.53; z = -1.98; P = .04).

CONCLUSIONS AND RELEVANCE These findings provide novel insights into the cognitive
mechanisms of the action of ketamine in patients with TRD, with promising perspectives
for augmented psychotherapy for individuals with mood disorders.
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Evaluation of Early Ketamine Effects on Belief-Updating Biases in Patients With Treatment-Resistant Depression

ajor depressive disorder (MDD) and bipolar depres-

sion are a crucial public health concern! character-

ized by a range of negative beliefs, such as worth-
lessness, hopelessness, and pessimism.?* Cognitive models
of depression propose that such maladaptive beliefs bias the
perception and interpretation of life events and produce a nega-
tive view of oneself, the world, and the future.? In addition to
this cognitive triad, the excessively negative content of be-
liefs about the future? involve a decreased sensitivity to dis-
confirming information.® This phenomenon has also been re-
ferred to as pervasive pessimism® and stands in stark contrast
to the unrealistic optimism”® that is frequently observed in
healthy individuals.

Cognitive studies have shown that beliefs about the
likelihood of future events are updated after novel
experiences.>!° For healthy participants, belief updating is
often asymmetric,'"** with more belief updating following
desirable than undesirable information. This effect has been
termed the good news/bad news bias and is thought to under-
lie more general optimism biases!! that are crucial for main-
taining mental and physical health.!*"® Importantly, patients
with depression have been shown to lack an optimism bias in
belief updating and to hold persistently negative expecta-
tions about the future, despite contradictory evidence.'”'°
These characteristics are thought to play an important role in
the maintenance of depressive symptoms and, potentially,
in treatment resistance.?°23

Approximately one-third of patients with depression do
not respond to conventional antidepressant treatments and
thereby experience treatment-resistant depression (TRD).%*
Over the last decade, ketamine, an ionotropic glutamatergic
N-methyl-D-aspartate receptor antagonist, has become an ex-
citing antidepressant therapy for TRD.2?> Several meta-
analyses of placebo-controlled randomized clinical trials have
shown that ketamine has a rapid antidepressant effect that
peaks within 24 hours.?®-?” Despite these promising results,
little is known about the cognitive effects of ketamine in TRD
and their link to clinical improvement.

Interestingly, pharmacological studies on healthy par-
ticipants have shown that ketamine disturbs the belief-
updating process by changing the way participants update
their beliefs when faced with new information.?8-3° More-
over, another study on MDD has shown that a single ket-
amine infusion can produce a sustained improvement in
depressive beliefs.2° However, it is unknown how ketamine
affects the mechanisms of belief updating in patients with
TRD, which are potentially key to understanding its antide-
pressant effects.

Here, we asked (1) whether and through what computa-
tional mechanisms ketamine restores optimism biases in be-
liefupdating and (2) how such potential cognitive effects link
to antidepressant effects. We tested these hypotheses by fol-
lowing a measurement-based care approach, which con-
sisted of objectifying the clinical assessments and outcomes
of patients undergoing ketamine treatment.>! We combined this
approach with an observational assessment of clinical im-
provement and belief-updating behavior and then mathemati-
cally formalized observed effects by using a computational
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Key Points

Question What are the effects of ketamine on belief updating in
patients with treatment-resistant depression (TRD)?

Findings This case-control study in patients with TRD showed
that belief updating became more optimistically biased as soon as
4 hours after a first ketamine infusion. This early cognitive effect of
ketamine was formalized by stronger asymmetrical reinforcement
learning and mediated at 1 week of treatment the clinical
antidepressant effect.

Meaning These findings provide new perspectives for the
understanding of the cognitive effects of fast-acting
antidepressants that potentially can be leveraged to promote
sustained clinical improvement and treatment responsiveness.

model inspired by reinforcement learning (RL) principles®? and
mediation analysis.

Methods

Participants

The study was conducted in accordance with the Declaration
of Helsinki and was approved by the local authorities at the
Pitié-Salpétriére Hospital. Participants gave oral informed
consent prior to participating in the experiment. This study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

In total, 26 patients with TRD and 30 healthy control partici-
pants were enrolled in the study (eTable 1in the Supplement).
The sample size was determined to be consistent with those of
prior studies of belief updating in patients with depression and
by the reality of patient recruitment in the clinical setting.'”®

Healthy participants were recruited at the Pitié-
Salpétriere Hospital campus. Patients were recruited at the
Psychiatry Department of the Pitié-Salpétriére Hospital and
were clinically evaluated by a psychiatrist specialized in TRD
during a clinical interview to assess the inclusion and exclu-
sion criteria. Patient inclusion criteria included age between
18 and 70 years, MDD or bipolar depression according to the
DSM-5 criteria, a Montgomery-f&sberg Depression Rating Scale
(MADRS) score greater than 20, TRD (defined by the failure to
respond to at least 2 antidepressant treatments), and moder-
ate to high treatment resistance, as defined by the Maudsley
Staging Method (MSM) score greater than 7 (eTable 2 in the
Supplement).33-34

Exclusion criteria for all participants were psychiatric dis-
orders other than TRD, neurological and neurosurgical comor-
bidities, substance use or addictive disorders in the last 12
months, and previous recreational ketamine consumption.
All participants were able to understand and perform the belief-
updating task.

Study Design

The study was an observational case-control study with a
mixed-effects design that nested 2 factors: group and testing
time points (Figure 1).
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Figure 1. Study Design
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Patients were administered a total of 3 doses of ketamine (0.5 mg/kg) by intravenous infusion over the course of a week. Depression (measured by
Montgomery-Asberg Depression Rating Scale [MADRS]) and belief updating (measured by the belief-updating task) were assessed at 3 times: 24 hours before (TO)
and 4 hours after (T1) the first infusion and 4 hours after (T2) the third ketamine infusion, which occurred 1 week after the first infusion. At each time point (TO, T1,

and T2), testing lasted for a total duration of 1 hour.

Ketamine Treatment Administration

Ketamine treatment was administered in the standard clini-
cal care setting following a previously reported procedure*®
(eMethods 1in the Supplement). It was open labeled, and the
clinical staff, who administered the drug, was not blind to the
treatment arm. Patients were also not randomly assigned to
the treatment.

Principle and Secondary Outcome Measures

The principal outcome measures were beliefupdating and clini-
cal improvement. Belief updating was measured by the dif-
ference between an initial belief estimate and a second belief
estimate given after being provided with information about the
actual base rates of experiencing a given adverse life event
(eMethods 2 in the Supplement). Clinical improvement in de-
pressive symptoms was assessed using the MADRS.>¢ Second-
ary outcome measures involved learning rates (LRs) obtained
from a computational RL-like model, remission (ie, greater than
50% improvement and a MADRS score of 10 or less), treat-
ment responsiveness (ie, greater than 50% improvement and
a MADRS score greater than 10), and prognostic outcome ex-
pectancies (eMethods 2 and 3 in the Supplement).

Belief-Updating Task

All participants performed a belief-updating task adapted
from decision neuroscience!”!8:32:37:38 (Figure 2). The task
involved 2 sessions of 40 trials. In session 1, participants
were asked on a trial-by-trial basis to estimate their lifetime
likelihood of experiencing varying adverse life events (ie, the
initial estimate) and the likelihood of someone else with a
similar socioeconomic background experiencing a given
event (ie, the estimated base rate). At the end of each trial,
the participants got to know the actual base rate of events in
the general population. If the actual base rate was smaller
than the participant’s initial estimate, the trial was catego-
rized as a good news trial. If the actual base rate was greater
than the participant’s initial estimate, the trial was catego-
rized as a bad news trial. The participant’s attention was not
explicitly drawn to this good news/bad news categorization
of the trials. Importantly, the same 40 adverse life events
were presented again in session 2, and again on a trial-by-
trial basis participants reestimated their lifetime risk, now
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taking into account the base rate. See eMethods 4 and 9 in
the Supplement for details on task variables and for detailed
task instructions.

Statistical Analysis

All statistical tests (eg, linear mixed-effects models, x2,
Wilcoxon signed rank test, t tests, nonparametric permuta-
tion, and bootstrap tests) were conducted using the Statistics
and Machine Learning Toolbox (MATLAB version 2015a;
MathWorks), and the Mediation Toolbox.3°-*° Computa-
tional modeling was implemented using the using the VBA
toolbox.**2 Two-sided P values were statistically significant
at less than .05.

Statistical Analysis of Global Clinical Improvement

Two-tailed signed Wilcoxon rank tests were used to assess
statistically significant effects of treatment on the MADRS
scores between baseline (TO), 4 hours after the first ketamine
infusion (T1), and 1 week after the first infusion (T2).

Statistical Analysis of Belief Updating
A linear mixed-effects model fitted absolute belief up-
dating (|JUPD|) using the following equation:
|[UPD| ~ 1 + Group + Time + valence EE + |EE| + Age + Educa-
tion + (Group x Time x valence EE) + (1 | Subject) +
(1 + valence EE | Subject) + (1 + |[EE| | Subject). The model
included fixed slopes for the effects of estimation error
valence (valence EE; coded 1 for good news, -1 for bad
news), group (coded 1 for healthy controls, -1 for patients
with TRD), testing time point (coded -1 for TO at baseline, 1
for T1 4 hours after the first infusion), absolute EE magni-
tude (|EE[), age, years of higher education, and the 3-fold
interaction of interest, group x valence EE x time. The
model also included random intercepts grouped by partici-
pant number and random slopes for valence and absolute EE
(IEE[) by participant. See eMethods 5 and eTable 5 in the
Supplement for more details on belief updating task vari-
ables and eTable 12 in the Supplement for results of an
analoguous model fitted to belief updating bias.

The R? scores for this model were 0.7179 ordinary and
0.708 adjusted. Trials with zero EEs were excluded, because
they did not leave any room for updating. Moreover, trials in
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Figure 2. Behavioral Task
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The task was self-paced, and
individual response times were
recorded. The task design comprised
2 sessions. During the first session,
participants were presented with an
adverse life event for each trial and
were asked to estimate their own as
well as other people’s likelihood of
experiencing that event in the future
(initial belief estimate and estimated
base rate, respectively). They also
rated their confidence in each
estimate. At the end of each trial,
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participants rated their confidence in
that base rate. During the second
session, each trial started with the
presentation of the actual base rate
associated with an event, and
participants reestimated their
likelihood of experiencing this event
in the future (second belief estimate)
as well as how confident they were in
their second estimate.

Confidence: 90%

Second Initial
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which the estimates of the participants increased despite good
news and decreased despite bad news were removed from the
analyses (eTable 4 in the Supplement). Analyses did lead to
similar results when including these paradoxical trials
(eMethods 6 and eTable 13 in the Supplement).

Computational Modeling of Belief Updating

To gain insights into the cognitive mechanisms underlying
the effects of ketamine on belief updating, we used a compu-
tational model that has previously been reported to best ex-
plain optimistically biased belief updating.32-* The model re-
lied on a generic RL algorithm that assumed belief updating
is proportional to the size of the EE, which is weighted by the
LR (eMethods 7 in the Supplement). Eight possible variations
of the RL. model were comparedina?2 x 2 x 2 design to test how
much keeping 2 components of the LR (ie, the alpha and asym-
metry component) free or at zero, and whether further weight-
ing by the personal relevance of events played a role. Two cri-
teria were considered for model selection: the estimated
model frequency in each cohort and the exceedance probabil-
ity, which corresponds to the probability of the model to be
above chance in each cohort.32 For more detail on the RL model,
see eMethods 7 and eTables 17 and 18 in the Supplement.
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Mediation Analysis

The mediation model tested the null hypothesis that the
effect of ketamine on the belief-updating bias and the effect
of the belief-updating bias on MADRS score were uncorre-
lated (eMethods 2 in the Supplement).** A bootstrap test
was used to infer significant mediation effects. This involved
calculating a distribution of individual path coefficients of
the mediation model based on 10 000 random samples,
with the replacement of observed coefficients. Then, bilat-
eral P values were calculated based on the confidence inter-
vals of the distribution of bootstrapped coefficients. For
more detail on the mediation analysis, see eMethods 8 in
the Supplement.

. |
Results

Clinical Response

Of 56 included participants, 29 (52%) were male, and the mean
(SEM) age was 52.3 (1.2) years. A total of 26 patients with TRD
and 30 controls were included. Ketamine treatment induced
arapid and significant decrease in the MADRS scores 4 hours
after a first ketamine infusion (z = 3.33; P = .001), which re-
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Figure 3. Behavioral Results for 26 Patients With Treatment-Resistant Depression (TRD) and 30 Healthy Controls
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A, The line graphs show the observed average belief updating after favorable (good) and unfavorable (bad) news. Belief updating corresponds to the absolute
difference between the first and second estimate for good and bad news trials, respectively. Error bars correspond to the SE of the mean. B, Correlation between
the depression score and belief updating for 26 patients with TRD after 1 week of ketamine treatment. The scatterplot displays the covariance of global clinical
symptoms of depression (mean Montgomery-Asberg Depression Rating Scale score) and good news/bad news updating bias.

mained significantly lower than baseline scores one week later
(z = 4.1; P < .001) (eTable 3in the Supplement). One patient with
TRD went into remission, and 5 showed a treatment respon-
siveness at 1 week after treatment (eMethods 2 and 3 and eFig-
ure 1in the Supplement).

Outcomes of Ketamine on Optimism Biases

in Belief Updating

Alinear mixed-effects model of belief updating detected a sig-
nificant 3-way interaction of group by testing time by EE va-
lence (B = -0.91; 95% CI, -1.58 to -0.24; t,;¢ = -2.67; P = .008;
eTable 6 in the Supplement). As soon as 4 hours after the first
ketamine infusion, patients with TRD updated their beliefs
more often after good than after bad news relative to baseline
and sequential testing in healthy controls (Figure 3A). Similar
effects were obtained when comparing the effect of EE va-
lence on belief updating at baseline to one week after ket-
amine treatment (group x testing time x EE valence interac-
tion: B = -0.73; 95% CI, -1.42 to -0.04; t,;¢ = -2.1; P = .03;
eTable 7 in the Supplement).

The results were specific to belief-updating biases. The
interaction group x testing time x EE valence was nonsig-
nificant for initial belief estimates (eTable 8 in the Supple-
ment), personal relevance of events (eTable 9 in the Supple-
ment), EE magnitude (eTable 10 in the Supplement), and
confidence in the base rates (eMethods 5 and eTable 11 in the
Supplement).

The emergence of the optimism bias in belief updating
correlated negatively with the depressive symptoms mea-
sured by the MADRS score after 1 week of treatment. Patients
who displayed stronger optimism biases in belief updating were
also those who displayed fewer depressive symptoms (r = -0.4;
P = .04; permuted chance correlations 95% CI, -0.32 to 0.33;
Figure 3B).
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Computational Modeling Results of the Emergence

of Optimism Biases in Belief Updating

Linear mixed-effects modeling of LRs at baseline showed a sig-
nificant interaction of group x EE valence ( = 0.03; 95% CI,
0-0.06; t,0¢ = 2.03; P = .04; eTable 14 in the Supplement),
which indicated that patients with TRD learned similarly from
positive and negative EEs before ketamine treatment (TO: good
news LR, 0.53 [SEM, 0.04]; bad news LR, 0.49 [SEM, 0.04];
t,s = 0.68; P = 59). After ketamine treatment, this interaction
became nonsignificant (B = 0.002; 95% CI, —0.03 to 0.03;
tiog = 0.12; P = .90; eTables 15 and 16 in the Supplement). Post
hoc t tests indicated that LRs from positive EEs were greater
than the those from negative EEs (T1: good news LR, 0.51 [SEM,
0.04]; bad news LR, 0.36 [SEM, 0.03]; t,5 = 3.8; P < .001; T2:
good news LR, 0.53 [SEM, 0.05]; bad news LR, 0.37 [SEM, 0.03];
t,s = 4.1; P < .001; Figure 4A).

Further explorations of the drug effect on LRs revealed that
it was driven by a significant difference in the LRs from nega-
tive EEs between baseline and 4 hours after the first single
ketamine infusion (bad news LR : TO, 0.49 [SEM, 0.04]; T1,
0.36 [SEM, 0.03]; t,5 = 2.5; P = .02).

Mediation Analysis of Optimism Bias in Belief Updating

and Effect of Ketamine on Clinical Improvement

Mediation analysis found a significant path a regression that
replicated the main effect of ketamine on belief-updating bi-
ases in patients with TRD (8 = 0.13; t = 2.21; z = 2.39; P = .02;
Figure 5). Optimistically biased belief updating also pre-
dicted lower MADRS scores, controlling for the main effect of
ketamine on belief-updating biases (path b regression:
B =-7.26;t=-2.43; z = -2.32; P = .02). Finally, the direct ef-
fect of ketamine on MADRS scores was significantly reduced
when controlling for belief-updating biases (direct effect, path
c’, after controlling for the mediator: 3 = -4.00; t = -3.11;
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Figure 4. Model-Based Results
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Boxplot graphs showing the IQRs for learning rates obtained from fitting a generic reinforcement learning model to the observed belief updates in 26 patients with
treatment-resistant depression (TRD) (A) and 30 healthy control participants (B). The jitter element to the side of each boxplot displays individual learning rates,

with each dot representing 1 patient.
2P <.05.

z = -2.89; P = .004; total effect, path c: B = -5.00; t = -3.95;
z = -3.69; P < .001), indicating a partial mediation effect (in-
direct effect, path a*b: f = -1.00; t = -1.53; z = -1.98; P = .04).

|
Discussion

The scope of this observational study was to measure belief-
updating mechanisms in a rare cohort of patients with TRD
who were tested in their usual measurement-based care set-
ting before and after receiving needed ketamine treatment.>!
The results showed, in line with previous studies,?#2 that ket-
amine induced a rapid and sustained decrease in depressive
symptoms. On the cognitive level, patients with TRD showed
weaker optimism biases in belief updating at baseline com-
pared with 4 hours after the first ketamine infusion. The sig-
nificant increase in the optimism bias correlated with the re-
duction in MADRS scores after 1 week of treatment and formally
mediated the clinical effect of ketamine at 1 week of treat-
ment. Computational analyses showed that this effect was
underpinned by asymmetrically increased learning from posi-
tive rather than negative EEs.

MDD is associated with negative expectations and de-
creased sensitivity to expectation violation,?17-20:22:44.45 Qur
finding of an attenuated optimistic bias in belief updating prior
to ketamine treatment in patients with TRD is consistent with
those of several studies that have used the same belief-
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updating task on patients with MDD'”'® and others that have
validated it for detecting belief-updating biases in healthy
participants,'4647 including test-retest situations.*48:4° Im-
portantly, to our knowledge, our study is the first to show at-
tenuated optimistic biases in patients with TRD before com-
pared with after treatment. We found that the sensitivity of
patients with TRD to negative EEs decreased after ketamine
treatment, whereas the sensitivity to positive EEs remained
similar across testing time points. This finding is at odds with
results reported by Korn et al'” and Kube et al,** who showed
that MDD was associated with less sensitivity to positive dis-
confirmation. Several factors may explain these discrepan-
cies, including the task itself and its cognitive demands as well
as its content and the clinical heterogeneity of patients with
depression. However, in accordance with our findings, Gar-
rett et al'® reported that patients with depression were more
sensitive to bad news than good news and updated their be-
liefs more after a negative EE. Importantly, this previous study
found that the lack of optimism bias correlated with the se-
verity of depression.'”-'® Here, we provide observational
and novel evidence that this correlation was reversed follow-
ing ketamine treatment.

Our model-based findings are consistent with the ob-
served effects and provide insight into the learning mecha-
nisms of belief updating in patients with TRD, which could be
dueto alearning deficit. However, when decomposing the LRs,
we found that ketamine triggered a change in the asymmetry
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Figure 5. Mediation Results
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component, which indicated how much participants learned
from positive rather than negative EEs. On the contrary, the
alpha parameter, which indicated how much participants up-
dated after an EE, did not differ between testing time points
or participant groups. These findings suggest that the differ-
ences in the LRs were due to the emergence of valence-
biased learning and not an absolute deficit to learn from EEs.

Limitations

This study has limitations. The age-matched and education-
matched cohort of healthy control participants were in-
cluded to alleviate concerns about sequential testing effects.
None of the healthy control participants presented with de-
pressive symptoms, but the study cannot infer specificity of
findings to ketamine effects in patients with TRD. It may well
be that ketamine has similar effects on optimistically biased
beliefupdating in healthy controls. However, this question goes
beyond the scope of our study. Ketamine in healthy controls
is used as a pharmacological model of early psychosis to per-
turb brain mechanisms that reduce uncertainty and how EEs
are used to update beliefs.2%>° More studies are needed to dis-
entangle the specific effects of ketamine on beliefupdating and
belief-updating biases in different participant cohorts. In this
study, ketamine was added as a strategy to achieve stronger
and more sustained antidepressant responses, and patients re-
ceived ketamine in addition to their ongoing antidepressant
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treatment. It is possible that different types of antidepressant
treatment strategies also modulate belief updating. More-
over, it may be that other cognitive processes, such as emo-
tion processing are affected as well. For example, prior work
has focused on the mechanisms of clinical improvement fol-
lowing monoaminergic antidepressants, such as selective
serotonin reuptake inhibitors.>>>? Findings from this line of
research showed that early responses to serotonin reuptake
inhibitor treatment involve a reduction in negative biases in
emotion processing and potentially give rise to more slowly
evolving improvements in mood and depressive symptoms.
We call for more research to shed light onto the neurocogni-
tive processes through which different antidepressant treat-
ment strategies produce clinical improvement.

. |
Conclusions

In conclusion, our results converge toward the finding that
ketamine improves TRD and that this improvement is associ-
ated with changes in the belief-updating processes under-
pinned by increased asymmetric learning from positive rather
than negative EEs. These findings shed light on the possible
mechanisms underlying ketamine’s rapid antidepressant
effects and pave the way toward the use of ketamine-
augmented psychotherapy protocols.

University, National Institute of Health and Medical
Research, French National Centre for Scientific
Research, Assistance Publique-Hopitaux de Paris,
Hopital de la Pitié-Salpétriere, DMU Neuroscience,
Paris, France (Bottemanne, Morlaas, Fossati,

jamapsychiatry.com

Downloaded from jamanetwork.com by University College London user on 02/24/2024


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2022.2996?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2996
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2996
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2996

Evaluation of Early Ketamine Effects on Belief-Updating Biases in Patients With Treatment-Resistant Depression

Schmidt); Department of Psychiatry,
Pitié-Salpétriere Hospital, DMU Neuroscience,
Sorbonne University, Assistance Publique-Hopitaux
de Paris, Paris, France (Bottemanne, Claret,
Fossati); Department of Philosophy, Sorbonne
University, SND Research Unit, UMR 8011, Paris,
France (Bottemanne); Affective Brain Lab,
Department of Experimental Psychology, University
College London, London, United Kingdom (Sharot);
Max Planck UCL Centre for Computational
Psychiatry and Ageing Research, London, United
Kingdom (Sharot); Department of Brain and
Cognitive Sciences, Massachusetts Institute of
Technology, Cambridge (Sharot).

Author Contributions: Drs Bottemanne and
Schmidt had full access to all of the data in the
study and take responsibility for the integrity of the
data and the accuracy of the data analysis.

Drs Fossati and Schmidt are co-senior authors.
Study concept and design: Bottemanne, Sharot,
Fossati, Schmidt.

Acquisition, analysis, or interpretation of data:
All authors.

Drafting of the manuscript: Bottemanne, Fossati,
Schmidt.

Critical revision of the manuscript for important
intellectual content: Sharot, Fossati, Schmidt.
Statistical analysis: Sharot, Fossati, Schmidt.
Obtained funding: Bottemanne, Schmidt.
Administrative, technical, or material support:
Bottemanne, Morlaas, Claret-Tournier, Schmidt.
Study supervision: Fossati, Schmidt.

Conflict of Interest Disclosures: Dr Fossati has
received honoraria for board membership from
Janssen and Lundbeck and for speaking at invited
symposia from Lundbeck and Janssen. No other
disclosures were reported.

Funding/Support: This study was supported by
research grant ANR-21-CE37-0014-01 from the
Agence Nationale de la Recherche.

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review,
or approval of the manuscript; and decision to
submit the manuscript for publication.

Additional Contributions: We thank the nursing
staff (Yvette Byll, RN, and Carine Cope, RN,
Assistance Publique-Hépitaux de Paris, Paris,
France) of the mood center for taking care of the
patients. We appreciate the thoughtful suggestions
provided by Christophe Korn, PhD (University
Medical Center Hamburg-Eppendorf, Hamburg,
Germany), on earlier versions of the study design
and results. We also thank Neil Garrett, PhD
(University of Oxford, Oxford, United Kingdom), for
sharing belief-updating task stimuli material and
Lionel Rigoux, PhD, and Bojana Kuzmanovic, PhD
(Max Planck Institute for Metabolism Research,
Cologne, Germany), for sharing the reinforcement
learning modeling code and for helpful advice.
Compensation was not received.

REFERENCES

1. World Health Organization. Depression.
Accessed September 13, 2021. https://www.who.
int/news-room/fact-sheets/detail/depression

2. Roiser JP, Sahakian BJ. Hot and cold cognition in
depression. CNS Spectr. 2013;18(3):139-149.
doi:10.1017/51092852913000072

jamapsychiatry.com

3. Beck AT. The evolution of the cognitive model of
depression and its neurobiological correlates. Am J
Psychiatry. 2008;165(8):969-977. doi:10.1176/appi.
ajp.2008.08050721

4. Kube T, Schwarting R, Rozenkrantz L,
Glombiewski JA, Rief W. Distorted cognitive
processes in major depression: a predictive
processing perspective. Biol Psychiatry. 2020;87
(5):388-398. doi:10.1016/j.biopsych.2019.07.017

5. Kube T, Kirchner L, Rief W, Gértner T,
Glombiewski JA. Belief updating in depression is
not related to increased sensitivity to unexpectedly
negative information. Behav Res Ther. 2019;123:
1035009. doi:10.1016/j.brat.2019.103509

6. Alloy LB, Ahrens AH. Depression and pessimism
for the future: biased use of statistically relevant
information in predictions for self versus others.

J Pers Soc Psychol. 1987;52(2):366-378. doi:10.
1037/0022-3514.52.2.366

7. Jefferson A, Bortolotti L, Kuzmanovic B. What is
unrealistic optimism? Conscious Cogn. 2017;50:3-11.
doi:10.1016/j.concog.2016.10.005

8. Shepperd JA, Waters E, Weinstein ND,

Klein WMP. A primer on unrealistic optimism. Curr
Dir Psychol Sci. 2015;24(3):232-237. doi:10.1177/
0963721414568341

9. Shepperd JA, Carroll P, Grace J, Terry M.
Exploring the causes of comparative optimism.
Psychol Belg. 2002;42(1-2):65-98. doi:10.5334/
pb.986

10. Sharot T, Garrett N. Forming beliefs: why
valence matters. Trends Cogn Sci. 2016;20(1):25-33.
doi:10.1016/j.tics.2015.11.002

11. Sharot T, Korn CW, Dolan RJ. How unrealistic
optimism is maintained in the face of reality. Nat
Neurosci. 2011;14(11):1475-1479. doi:10.1038/nn.2949

12. Eil D, Rao JM. The good news-bad news effect:
asymmetric processing of objective information
about yourself. Am Econ J Microecon. 2011;3(2):
114-138. doi:10.1257/mic.3.2.114

13. Sharot T. The optimism bias. Curr Biol. 2011;21(23):
R941-R945. doi:10.1016/j.cub.2011.10.030

14. Johnson DDP, Fowler JH. The evolution of
overconfidence. Nature. 2011;477(7364):317-320.
doi:10.1038/nature10384

15. Bandura A. Self-Efficacy: The Exercise of Control.
W.H. Freeman; 1997.

16. Carver CS, Scheier MF, Segerstrom SC.
Optimism. Clin Psychol Rev. 2010;30(7):879-889.
doi:10.1016/j.cpr.2010.01.006

17. Korn CW, Sharot T, Walter H, Heekeren HR,
Dolan RJ. Depression is related to an absence of
optimistically biased belief updating about future
life events. Psychol Med. 2014;44(3):579-592.
doi:10.1017/S0033291713001074

18. Garrett N, Sharot T, Faulkner P, Korn CW,
Roiser JP, Dolan RJ. Losing the rose tinted glasses:
neural substrates of unbiased belief updating in
depression. Front Hum Neurosci. 2014;8:639.
doi:10.3389/fnhum.2014.00639

19. Kube T, Rief W, Gollwitzer M, Gartner T,
Glombiewski JA. Why dysfunctional expectationsin
depression persist - results from two experimental
studies investigating cognitive immunization.
Psychol Med. 2019;49(9):1532-1544. doi:10.1017/
$0033291718002106

20. Rief W, Joormann J. Revisiting the cognitive
model of depression: the role of expectations. Clin

Original Investigation Research

Psychol Eur. 2019;1(1):1-19. doi:10.32872/cpe.v1il.
32605

21. Strunk DR, Lopez H, DeRubeis RJ. Depressive
symptoms are associated with unrealistic negative
predictions of future life events. Behav Res Ther.
2006;44(6):861-882. doi:10.1016/j.brat.2005.07.001

22. Strunk DR, Adler AD. Coghnitive biases in three
prediction tasks: a test of the cognitive model of
depression. Behav Res Ther. 2009;47(1):34-40.
doi:10.1016/j.brat.2008.10.008

23. Rief W, Glombiewski JA, Gollwitzer M,

Schubd A, Schwarting R, Thorwart A. Expectancies
as core features of mental disorders. Curr Opin
Psychiatry. 2015;28(5):378-385. doi:10.1097/YCO.
0000000000000184

24. Machado-Vieira R, Salvadore G, Diazgranados N,
Zarate CA Jr. Ketamine and the next generation of
antidepressants with a rapid onset of action.
Pharmacol Ther. 2009;123(2):143-150. doi:10.1016/j.
pharmthera.2009.02.010

25. Krystal JH, Abdallah CG, Sanacora G,

Charney DS, Duman RS. Ketamine: a paradigm shift
for depression research and treatment. Neuron.
2019;101(5):774-778. doi:10.1016/j.neuron.2019.
02.005

26. Aan Het Rot M, Zarate CA Jr, Charney DS,
Mathew SJ. Ketamine for depression: where do we
go from here? Biol Psychiatry. 2012;72(7):537-547.
doi:10.1016/j.biopsych.2012.05.003

27. Sumner RL, Chacko E, McMillan R, et al.

A qualitative and quantitative account of patient’s
experiences of ketamine and its antidepressant
properties. J Psychopharmacol. 2021;35(8):946-961.
doi:10.1177/0269881121998321

28. Weber LA, Diaconescu AO, Mathys C, et al.
Ketamine affects prediction errors about statistical
regularities: a computational single-trial analysis of
the mismatch negativity. J Neurosci. 2020;40
(29):5658-5668. doi:10.1523/JNEUROSCI.
3069-19.2020

29. Vinckier F, Gaillard R, Palminteri S, et al.
Confidence and psychosis: a neuro-computational
account of contingency learning disruption by
NMDA blockade. Mol Psychiatry. 2016;21(7):946-955.
doi:10.1038/mp.2015.73

30. Hasler G, Suker S, Schoretsanitis G, Mihov Y.
Sustained improvement of negative self-schema
after a single ketamine infusion: an open-label
study. Front Neurosci. 2020;14:687. doi:10.3389/
fnins.2020.00687

31. Aboraya A, Nasrallah HA, Elswick DE, et al.
Measurement-based care in psychiatry-past,
present, and future. Innov Clin Neurosci. 2018;15
(11-12):13-26.

32. Kuzmanovic B, Rigoux L. Valence-dependent

belief updating: computational validation. Front
Psychol. 2017;8:1087. doi:10.3389/fpsyg.2017.01087

33. Fekadu A, Wooderson S, Donaldson C, et al.
A multidimensional tool to quantify treatment
resistance in depression: the Maudsley staging
method. J Clin Psychiatry. 2009;70(2):177-184.
doi:10.4088/JCP.08mM04309

34. Rybak YE, Lai KSP, Ramasubbu R, et al.
Treatment-resistant major depressive disorder:
Canadian expert consensus on definition and
assessment. Depress Anxiety. 2021;38(4):456-467.
doi:10.1002/da.23135

JAMA Psychiatry November 2022 Volume 79, Number 11

Downloaded from jamanetwork.com by University College London user on 02/24/2024

1131


https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://dx.doi.org/10.1017/S1092852913000072
https://dx.doi.org/10.1176/appi.ajp.2008.08050721
https://dx.doi.org/10.1176/appi.ajp.2008.08050721
https://dx.doi.org/10.1016/j.biopsych.2019.07.017
https://dx.doi.org/10.1016/j.brat.2019.103509
https://dx.doi.org/10.1037/0022-3514.52.2.366
https://dx.doi.org/10.1037/0022-3514.52.2.366
https://dx.doi.org/10.1016/j.concog.2016.10.005
https://dx.doi.org/10.1177/0963721414568341
https://dx.doi.org/10.1177/0963721414568341
https://dx.doi.org/10.5334/pb.986
https://dx.doi.org/10.5334/pb.986
https://dx.doi.org/10.1016/j.tics.2015.11.002
https://dx.doi.org/10.1038/nn.2949
https://dx.doi.org/10.1257/mic.3.2.114
https://dx.doi.org/10.1016/j.cub.2011.10.030
https://dx.doi.org/10.1038/nature10384
https://dx.doi.org/10.1016/j.cpr.2010.01.006
https://dx.doi.org/10.1017/S0033291713001074
https://dx.doi.org/10.3389/fnhum.2014.00639
https://dx.doi.org/10.1017/S0033291718002106
https://dx.doi.org/10.1017/S0033291718002106
https://dx.doi.org/10.32872/cpe.v1i1.32605
https://dx.doi.org/10.32872/cpe.v1i1.32605
https://dx.doi.org/10.1016/j.brat.2005.07.001
https://dx.doi.org/10.1016/j.brat.2008.10.008
https://dx.doi.org/10.1097/YCO.0000000000000184
https://dx.doi.org/10.1097/YCO.0000000000000184
https://dx.doi.org/10.1016/j.pharmthera.2009.02.010
https://dx.doi.org/10.1016/j.pharmthera.2009.02.010
https://dx.doi.org/10.1016/j.neuron.2019.02.005
https://dx.doi.org/10.1016/j.neuron.2019.02.005
https://dx.doi.org/10.1016/j.biopsych.2012.05.003
https://dx.doi.org/10.1177/0269881121998321
https://dx.doi.org/10.1523/JNEUROSCI.3069-19.2020
https://dx.doi.org/10.1523/JNEUROSCI.3069-19.2020
https://dx.doi.org/10.1038/mp.2015.73
https://dx.doi.org/10.3389/fnins.2020.00687
https://dx.doi.org/10.3389/fnins.2020.00687
https://www.ncbi.nlm.nih.gov/pubmed/30834167
https://www.ncbi.nlm.nih.gov/pubmed/30834167
https://dx.doi.org/10.3389/fpsyg.2017.01087
https://dx.doi.org/10.4088/JCP.08m04309
https://dx.doi.org/10.1002/da.23135
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2996

132

Research Original Investigation

35. Bottemanne H, Bonnard E, Claret A, Petit AC,
Gaillard R, Fossati P. Ketamine and monoamine
oxidase inhibitor combination: utility, safety,
efficacy? J Clin Psychopharmacol. 2020;40(6):
636-638. doi:10.1097/JCP.0000000000001281

36. Montgomery SA, Asberg M. A new depression
scale designed to be sensitive to change. BrJ
Psychiatry.1979;134:382-389. doi:10.1192/bjp.
134.4.382

37. Sharot T, Guitart-Masip M, Korn CW,
Chowdhury R, Dolan RJ. How dopamine enhances

an optimism bias in humans. Curr Biol. 2012;22(16):

1477-1481. doi:10.1016/j.cub.2012.05.053

38. Kuzmanovic B, Rigoux L, Tittgemeyer M.
Influence of vmPFC on dmPFC predicts
valence-guided belief formation. J Neurosci. 2018;
38(37):7996-8010. doi:10.1523/JNEUROSCI.
0266-18.2018

39. Wager TD, Davidson ML, Hughes BL,
Lindquist MA, Ochsner KN. Prefrontal-subcortical

pathways mediating successful emotion regulation.

Neuron. 2008;59(6):1037-1050. doi:10.1016/j.
neuron.2008.09.006

40. Wager TD, Waugh CE, Lindquist M, Noll DC,
Fredrickson BL, Taylor SF. Brain mediators of
cardiovascular responses to social threat: part I:
reciprocal dorsal and ventral sub-regions of the
medial prefrontal cortex and heart-rate reactivity.
Neuroimage. 2009;47(3):821-835. doi:10.1016/j.
neuroimage.2009.05.043

41. Rigoux L, Stephan KE, Friston KJ, Daunizeau J.
Bayesian model selection for group
studies—revisited. Neuroimage. 2014;84:971-985.
doi:10.1016/j.neuroimage.2013.08.065

42. Daunizeau J, Adam V, Rigoux L. VBA:

a probabilistic treatment of nonlinear models for
neurobiological and behavioural data. PLoS Comput
Biol. 2014;10(1):e1003441. doi:10.1371/journal.pcbi.
1003441

43. Hayes AF. Beyond Baron and Kenny: statistical
mediation analysis in the new millennium. Commun
Monogr. 2009;76(4):408-420. doi:10.1080/
03637750903310360

44. Kube T, Glombiewski JA, Gall J, Touissant L,
Gartner T, Rief W. How to modify persisting
negative expectations in major depression? an
experimental study comparing three strategies to
inhibit cognitive immunization against novel
positive experiences. J Affect Disord. 2019;250:
231-240. doi:10.1016/j.jad.2019.03.027

45. Kube T, Rief W, Glombiewski JA.

On the maintenance of expectations in major
depression—investigating a neglected
phenomenon. Front Psychol. 2017;8:9. doi:10.
3389/fpsyg.2017.00009

46. Chowdhury R, Sharot T, Wolfe T, Diizel E,
Dolan RJ. Optimistic update bias increases in older
age. Psychol Med. 2014;44(9):2003-2012. doi:10.
1017/S0033291713002602

JAMA Psychiatry November 2022 Volume 79, Number 11

Downloaded from jamanetwork.com by University College London user on 02/24/2024

Evaluation of Early Ketamine Effects on Belief-Updating Biases in Patients With Treatment-Resistant Depression

47. Garrett N, Gonzalez-Garzéon AM, Foulkes L,
Levita L, Sharot T. Updating beliefs under perceived
threat. J Neurosci. 2018;38(36):7901-7911. doi:10.
1523/JNEUROSCI.0716-18.2018

48. MaY, LiS, Wang C, et al. Distinct oxytocin
effects on belief updating in response to desirable
and undesirable feedback. Proc Nat/ Acad Sci U S A.
2016;113(33):9256-9261. doi:10.1073/pnas.
1604285113

49. Sharot T, Kanai R, Marston D, Korn CW, Rees G,
Dolan RJ. Selectively altering belief formation in the
human brain. Proc Natl Acad Sci U S A. 2012;109
(42):17058-17062. doi:10.1073/pnas.1205828109

50. Salvador A, Arnal LH, Vinckier F, Domenech P,
Gaillard R, Wyart V. Premature commitment to
uncertain decisions during human NMDA receptor
hypofunction. Nat Commun. 2022;13(1):338. doi:10.
1038/541467-021-27876-3

51. Pringle A, Browning M, Cowen PJ, Harmer CJ.

A cognitive neuropsychological model of
antidepressant drug action. Prog Neuropsychophar-
macol Biol Psychiatry. 2011;35(7):1586-1592.
doi:10.1016/j.pnpbp.2010.07.022

52. Godlewska BR, Harmer CJ. Cognitive
neuropsychological theory of antidepressant
action: a modern-day approach to depression and
its treatment. Psychopharmacology (Berl). 2021;
238(5):1265-1278. doi:10.1007/s00213-019-
05448-0

jamapsychiatry.com


https://dx.doi.org/10.1097/JCP.0000000000001281
https://dx.doi.org/10.1192/bjp.134.4.382
https://dx.doi.org/10.1192/bjp.134.4.382
https://dx.doi.org/10.1016/j.cub.2012.05.053
https://dx.doi.org/10.1523/JNEUROSCI.0266-18.2018
https://dx.doi.org/10.1523/JNEUROSCI.0266-18.2018
https://dx.doi.org/10.1016/j.neuron.2008.09.006
https://dx.doi.org/10.1016/j.neuron.2008.09.006
https://dx.doi.org/10.1016/j.neuroimage.2009.05.043
https://dx.doi.org/10.1016/j.neuroimage.2009.05.043
https://dx.doi.org/10.1016/j.neuroimage.2013.08.065
https://dx.doi.org/10.1371/journal.pcbi.1003441
https://dx.doi.org/10.1371/journal.pcbi.1003441
https://dx.doi.org/10.1080/03637750903310360
https://dx.doi.org/10.1080/03637750903310360
https://dx.doi.org/10.1016/j.jad.2019.03.027
https://dx.doi.org/10.3389/fpsyg.2017.00009
https://dx.doi.org/10.3389/fpsyg.2017.00009
https://dx.doi.org/10.1017/S0033291713002602
https://dx.doi.org/10.1017/S0033291713002602
https://dx.doi.org/10.1523/JNEUROSCI.0716-18.2018
https://dx.doi.org/10.1523/JNEUROSCI.0716-18.2018
https://dx.doi.org/10.1073/pnas.1604285113
https://dx.doi.org/10.1073/pnas.1604285113
https://dx.doi.org/10.1073/pnas.1205828109
https://dx.doi.org/10.1038/s41467-021-27876-3
https://dx.doi.org/10.1038/s41467-021-27876-3
https://dx.doi.org/10.1016/j.pnpbp.2010.07.022
https://dx.doi.org/10.1007/s00213-019-05448-0
https://dx.doi.org/10.1007/s00213-019-05448-0
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2022.2996

