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Abstract

Background and aims: Ketamine assisted psychotherapy is a promising new treatment

for alcohol use disorder (AUD). The psychoactive effects of repeated intravenous

(IV) ketamine infusions in people with AUD and their mechanistic role in treating AUD

are largely unknown. This study aimed to (1) quantify the subjective, psychoactive

effects of IV ketamine in people with AUD, (2) investigate how these effects change over

three dosing sessions and (3) test whether these effects mediate ketamine’s therapeutic

benefits in reducing alcohol consumption.

Design: Secondary analysis of the randomised, parallel-arm, double-blind, placebo-

controlled, phase 2 ‘KARE’ clinical trial.

Setting: Two clinical research facilities in England.

Participants: 96 adults (35 women) aged 18–64 years with moderate-to-severe AUD.

Intervention: Three weekly infusions of either ketamine (IV 0.8 mg/kg over 40 minutes)

or placebo (saline solution).

Measurements: Psychoactive drug effects experienced were self-reported pre-, during-

and post-infusion, every 20 minutes (eight times/infusion) on Likert scales (1–10), for:

Effects of Drug, Liking of Drug, Altered Reality, Out of Body Experiences, Visual Distor-

tion, Sound Distortion and Altered Time Perception. For each scale, we calculated area-

under-the-curve (AUC) scores for each infusion and the AUC average across three infu-

sions. The clinical outcome was percentage of days abstinent from alcohol in the

6 months after infusions.

Findings: Ketamine produced strong psychoactive effects on every scale, relative to pla-

cebo (all P values < 0.001). Ketamine’s psychoactive effects were moderated by infusion

number (infusion 2 vs. infusion 1) for: Liking of Drug (P = 0.001), Altered Reality

(P = 0.030) and Out of Body Experiences (P = 0.033), with small-to-moderate effect sizes.

The remaining four psychoactive effects were not statistically significantly changed by

repeated dosing. No psychoactive effect statistically significantly mediated the relationship

between drug treatment and percentage days abstinent (all P values = 0.075–0.935).
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Conclusions: People with alcohol use disorder experience alterations in consciousness

from 0.8 mg/kg intravenous ketamine administration. Ketamine’s effects appear to be

broadly consistent across three repeated infusions. Ketamine-related reductions in alco-

hol consumption do not appear to be mediated by the acute psychoactive effects of

ketamine.

K E YWORD S

abstinence, alcohol use disorder, ketamine, psychedelic therapy, relapse prevention, subjective drug

effects

INTRODUCTION

Alcohol consumption accounts for 5.1% of the global disease bur-

den [1]. In the United Kingdom (UK), approximately 5% of the popula-

tion drink more than 50 units of alcohol (400 g) per week, which puts

them at higher risk [2], and more than 85 000 people in England

receive treatment for an alcohol-only problem per year [3]. Numerous

effective treatments for alcohol use disorder (AUD) exist [4]. How-

ever, there is a need to diversify treatment options, enhance response

rates and improve long-term efficacy of treatments.

Ketamine is a non-competitive N-methyl-D-aspartate (NMDA)

receptor antagonist with dissociative, psychotomimetic and antide-

pressant properties [5]. It has a favourable safety profile and has been

recently approved as a treatment for treatment-resistant depression

in the United States [6, 7]. Growing evidence suggests ketamine may

be an effective treatment for AUD [8], as well as other substance use

disorders (SUDs) [9–11]. In the 1990s, a non-randomised, unblinded,

quasi-experiment from Russia demonstrated a single large dose of

ketamine (2.5 mg/kg) increased abstinence from alcohol relative to a

control treatment condition in people with AUD [12]. More recently,

in a randomised control trial (RCT), a single 0.71 mg/kg intravenous

(IV) ketamine infusion, combined with motivational enhancement

therapy (MET), increased abstinence from alcohol and delayed relapse,

relative to midazolam over 21 days [13]. Recently, in the KARE trial,

Grabski and colleagues [14] demonstrated that three IV doses of

0.8 mg/kg ketamine increased the number of days abstinent from

alcohol in people with AUD over 6 months. In this article, we are con-

ducting a secondary analysis of this Grabski et al. [14] trial data.

In healthy people, ketamine has a distinct profile of subjective

effects that include dissociative, mystical, ineffable, psychedelic and

psychotomimetic effects (hallucinations and delusions) [15–18]. How-

ever, chronic alcohol use may blunt glutamate receptor sensitivity,

leading to reduced drug-related subjective experiences and increased

tolerance to ketamine [19–21]. Studies assessing acute subjective

effects in people with AUD are scarce. However, one experiment

investigated the dose-related subjective effects of ketamine in 20 male

in-patients with severe AUD following detoxification and found that

ketamine produced dose-related ethanol-like effects on each of the

scales measured [22]. Additionally, a recent secondary analysis of

participants in the ketamine arm (n = 12) of an AUD RCT found that

participants experienced perceptual distortions, dissociations and mul-

tiple mystical and spiritual phenomena [23]. However, there remains a

gap in the literature exploring these effects with a suitably large sam-

ple size, balanced gender and larger doses of ketamine. There is also a

notable gap in the literature regarding how the acute subjective

effects of ketamine change over multiple administrations, which has

important clinical implications for repeated dosing regimens for keta-

mine in psychiatry [24]. Studies have suggested that multiple keta-

mine infusions yield a more durable and prolonged antidepressant

response compared with a single infusion [24, 25], but may also pose

potential risks [26]. It is, therefore, important to explore multiple keta-

mine infusions in the AUD population.

We do not understand how and why ketamine works as an

effective relapse prevention treatment for AUD. Ketamine’s acute psy-

choactive effects have been proposed as having an important thera-

peutic, mechanistic role [27–29]. Theoretically, this may be because

strong mystical or dissociative effects may induce a lasting change in

perspective toward the self, one’s behaviour and connectedness to the

world [30]. Classic serotonergic psychedelics, such as psilocybin, elicit

somewhat similar subjective drug effects [31], and the strength of

these psychoactive effects was related to a positive treatment

response in depression [32], tobacco dependence [33] and AUD

[34–36]. Importantly, dissociative effects of ketamine have predicted

symptom improvements in people with depression [37]; mystical expe-

riences mediated the therapeutic benefits of ketamine on cocaine use

in people with cocaine use disorder [38, 39]; and mystical experiences

mediated ketamine’s impact on drinking outcomes in AUD [40], how-

ever, the overall pattern of findings is still mixed [27, 37]. Reviews high-

light the promise of ketamine as a treatment for SUDs, but argue we

do not yet have adequate high-quality data to conclude whether acute

psychoactive effects mediate ketamine’s therapeutic effect [27, 29].

In summary, three studies have specifically investigated keta-

mine’s acute psychoactive effects in people with AUD [22, 23, 40].

One has explored whether acute psychoactive effects of ketamine

mediate the therapeutic benefit of reduced alcohol consump-

tion [40], but it had a smaller sample size (n = 40) and shorter follow-

up period (21 days). Furthermore, none of these studies considered

the impact of repeated ketamine infusions. If ketamine possesses

therapeutic benefits because of its unique subjective psychoactive

effects, or despite them, this will have implications for the develop-

ment of ketamine and other NMDA receptor antagonists as psychi-

atric medicines.

Using data from the KARE clinical trial [14], which evaluated the

clinical benefits of ketamine in 96 people with AUD who wanted to
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abstain from alcohol, we aim to: (1) characterise the subjective psycho-

active effects of IV ketamine in AUD; (2) investigate how these psycho-

active effects change over three infusions; and (3) explore whether the

strength of the psychoactive effects mediate the clinical, abstinence-

promoting benefits. We hypothesised that people with AUD would

experience strong ketamine-induced psychoactive effects and that

these would mediate the clinical benefit of ketamine treatment.

METHODS

Participants

Full participant inclusion and exclusion criteria can be seen in the origi-

nal article reporting the KARE trial [14]. To summarise, participants

were recruited from the community via social media adverts, from pri-

mary care and from drug and alcohol services. Inclusion criteria were:

18 to 65 years old, Diagnostic and Statistical Manual of Mental Disor-

ders fifth edition (DSM-5) moderate or severe AUD or DSM-IV alcohol

abuse or dependence, currently abstinent from alcohol and aiming to

abstain from alcohol. Exclusion criteria were contraindications for

ketamine, personal or first-degree relative with a history of psychosis,

current suicidal ideation and a past or current severe SUD to any other

substance. See the Data S1 for a full list of eligibility criteria. All partici-

pants had been abstinent from alcohol for at least 24 hours at random-

isation, and the objective of the clinical trial was to test whether

ketamine assisted therapy could prolong abstinence.

Setting

The study was conducted at the National Institute for Health

Research Exeter Clinical Research Facility and University College

London Clinical Research Facility. Ethical approval was granted by the

Southwest-Central Bristol Research Ethics Committee (reference

15/SW/0312) and received clinical trial authorisation from the Medi-

cines and Healthcare Products Regulatory Agency (MHRA). The trial

was registered at EudraCT (2015–000222-11) and ClinicalTrials.gov

(NCT02649231).

Study design

The study was a randomised, between-subjects, double-blind, placebo-

controlled trial. The trial was initially a 2 × 2 (drug by therapy) design

and participants were randomised to one of four treatment arms:

1. ketamine + relapse prevention manualised therapy;

2. ketamine + alcohol education;

3. saline placebo + relapse prevention manualised therapy; and

4. saline placebo + alcohol education.

For this secondary analysis, we combined the manualised relapse

prevention therapy and psychoeducation arms, comparing only keta-

mine vs. placebo groups (treatment arms 1 and 2 vs. 3 and 4 above).

Participants received three ketamine/placebo infusions. In this

study, we collapsed across the therapy condition and did not analyse

its impact. In our analyses, when investigating the subjective psycho-

active effects as outcomes, the predictive factors were (1) drug: keta-

mine, placebo; and (2) infusion: first, second and third. Subsequently,

we tested whether the strength of the psychoactive effects mediated

the relationship between drug condition and the reduction in drinking.

Procedure

Participants attended 10 in-person visits. They received three keta-

mine or saline infusions, usually once per week for 3 weeks, with each

infusion being a minimum of 4 days and a maximum of 21 days apart.

They also received seven sessions of either manualised relapse

prevention therapy (MT) or education about alcohol. Participants self-

reported their drinking throughout the trial using a diary and the

timeline follow-back method [41]. At the tenth visit (6 months) the

primary clinical outcome measure of percentage days abstinent was

calculated.

Infusions

A 40-minute IV infusion of either ketamine (0.8 mg/kg) or saline (0.9%)

was administered by an anaesthetist. Before infusions, participants read

a script explaining what to expect and encouraging reflection on a life

without alcohol. A psychologist was present during all visits. Vital signs

were monitored during and after infusion, and participants listened to

instrumental music to facilitate relaxation. Participants completed the

psychoactive Likert scales during pre-, during- and post-infusion.

Measures

Subjective psychoactive ketamine effects

The acute, subjective, psychoactive effects of ketamine were mea-

sured using Likert scales: effects of drug, liking of drug, altered reality,

out of body experiences, visual distortion, sound distortion and

altered time perception. The scales were not formally validated. How-

ever, very similar single-item Likert measures are widely used in psy-

chopharmacology research to characterise acute psychoactive

ketamine and other drug effects [15, 16, 42]. Participants rated each

effect on a Likert scale from 1 (not felt at all) to 10 (strongly felt)

20 minutes pre-infusion, at the start of the infusion (0 minutes), dur-

ing the infusion (20 minutes), at the end of the infusion (40 minutes)

and then every 20 minutes up to 120 minutes post-infusion (60, 80,

100 and 120 minutes). This was done on all three infusion visits.

To quantify the totality of the drug’s effects over time, we calcu-

lated the area-under-the-curve (AUC) value for each scale, and for

each session [42, 43]. AUC was calculated using the R package rstatix

and the function area_under_curve, with the trapezoid method. We

KETAMINE EFFECTS AND MECHANISMS IN AUD 3

 1
3

6
0

0
4

4
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/ad

d
.7

0
3

2
0

 b
y

 O
p

en
 A

ccess S
h

effield
 - U

N
IV

E
R

S
IT

Y
 O

F
 S

H
E

F
F

IE
L

D
 , W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

3
/0

2
/2

0
2
6
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se

http://ClinicalTrials.gov


used these AUC values to explore the acute effects of ketamine

(vs. placebo) and the impact of repeated infusions.

An average AUC score was calculated for each scale for each par-

ticipant by averaging over the three infusions. If a participant did not

complete all three infusions (20.9% in the ketamine group, 10.4% in

the placebo group) (Table 1) then data from their completed infusions

was averaged. In brief, two participants did not complete any infu-

sions, 10 completed one infusion and missed the subsequent two, and

three participants completed two infusions and missed the final one.

If there was missing psychoactive effect data at any timepoint (11.5%

data points were missing) (see Table S1) during the infusion then the

participant’s average score was calculated with present data only and

included in analysis.

Alcohol use

Past alcohol use was quantified during the screening visit, including:

DSM-5 AUD symptoms, current drinking at screening (units/week)

and heaviest drinking period (units/week).

Participants self-reported their alcohol consumption during the

trial using a diary and timeline follow-back method [41], which was

checked at every visit. The primary outcome variable was the percent-

age of days abstinent over the 6-month (180 day) period. The

numerator was the number of days abstinent, and the denominator

was the number of total observed days (days with data reported).

Days without data reported were ignored in analysis, with no assump-

tion of relapse or abstinence for these missing days. See Table S2 for

a summary of unreported days.

Data analyses

Statistical analyses were conducted using SPSS version 24 and R

version 4.3.3.

Our first aim was to investigate the subjective psychoactive

effects of 0.8 mg/kg IV ketamine versus placebo in people with AUD,

not currently drinking and who were aiming to abstain from alcohol.

Our second aim was to investigate how these effects change over

three repeated infusions. To do this, we first visualised each psychoac-

tive effect (ketamine vs. placebo) over every time point on each of the

three infusions in Figure 1. Subsequently, we calculated AUC values

for each scale at each infusion. Then, we conducted linear mixed

models (LMMs), with the AUC values as the outcome, to investigate

the effects of drug (ketamine vs. placebo) and infusion (first, second

and third) and their interaction on psychoactive effects. The LMMs

included a random intercept of participant, no random slopes and fixed

effects of drug and infusion number. We used orthogonal Helmert

T AB L E 1 Participant demographic, psychiatric and treatment information.

Characteristic

Ketamine (n = 48) Placebo (n = 48) Total (n = 96)

Mean SD Mean SD Mean SD

Age (years) 42.9 10.1 45.3 11 44.1 10.6

Alcohol consumption at screening (units/week) 38.0 38.3 30.5 29.0 34.7 34.3

Heaviest regular alcohol consumption (units/week) 125.6 45.4 131.3 89.2 128.4 70.8

No. of DSM-5 AUD symptoms 7.6 1.9 7.0 2.3 7.3 2.1

n % n % n %

Gender

Male 30 62.5 31 64.4 61 63.5

Female 18 37.5 17 35.4 35 36.5

Site

Exeter 23 50 23 50.0 46 47.9

London 25 52.1 25 52.1 50 52.1

Pre-randomisation psychedelic drug use (ever used)

Ketamine 11 22.9 15 31.3 26 26.0

Psilocybin 22 45.8 25 52.1 47 49.0

LSD 17 35.4 25 52.1 42 43.8

No. of infusions

0 2 4.2 0 0.0 2 2.1

1 6 12.5 4 8.3 10 10.4

2 2 4.2 1 2.1 3 3.1

3 38 79.1 43 89.6 81 84.4

Abbreviations: AUD, alcohol use disorder; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, fifth edition; LSD, lysergic acid diethylamide.
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contrasts for drug (ketamine > placebo) and infusion number (H1: infu-

sion 2 > infusion 1; and H2: infusion 3 > infusion 1 and 2). An orthogo-

nal Helmert contrast is a statistical method for comparing means in an

experiment, where the levels of a factor are ordered and successive

contrasts are mutually independent (orthogonal). It compares the mean

of each level against the mean of all previous levels [44]. Participants

with at least one AUC value were included in our analysis, because

LMMs handle missing data well with maximum likelihood estimation.

Our third aim was to explore whether the acute psychoactive

effects of ketamine mediate the relationship between drug and percent-

age days abstinent. Mediation analyses were carried out with the Hayes

method [45], using the SPSS PROCESS macro. The predictor variable

was drug (i.e. treatment allocation) (X), the mediator was average AUC

for each specific scale (M) and the outcome was percentage of days

abstinent (Y). The mediation analysis first examines the total relationship

between drug and the outcome: percentage days abstinent (Figure 2,

F I GU R E 1 Study design, including all study visits. Only the visits that are highlighted in blue are relevant to this study. Infusions 1, 2 and

3 took place during visits 2, 4 and 6. MT, manualised relapse prevention therapy.
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pathway c). Second, the analysis tests the relationship between the pre-

dictor and mediator (pathway a) and the mediator and outcome (path-

way b). Third, it tests if the direct effect (pathway c’) is reduced relative

to the total effect. Significant indirect effects (pathways a and b), in

combination with c’ < c, would suggest that increased abstinence in the

ketamine group is mediated by the psychoactive effects.

RESULTS

Participant characteristics

A summary of all 96 participant’s demographic and infusion details is

given in Table 1. More details can be found in the original article

reporting the KARE trial [14]. A total of 81 participants completed all

three infusions, two completed no infusions, 10 completed one infu-

sion and three completed two infusions. In our analyses, participants

with any psychoactive effect and any amount of alcohol timeline

follow-back data were included.

An average of 153 drinking days were reported altogether, with a

minimum of 1 day and a maximum of 205 days, although responses

were capped at 180 days (6 months) in analysis. See Table S2 for

details on missing alcohol timeline follow-back data. Further informa-

tion specific to participants’ alcohol use can be seen in Table 1.

Effect of drug allocation on percentage days abstinent

from alcohol

As Grabski et al. [14] reported that ketamine increased percentage

days abstinent from alcohol (t94 = 2.18, P = 0.032). Participants in the

placebo group had 74.4% (SD = 26.0%) days abstinent, and partici-

pants in the ketamine group had 84.4% (SD = 18.8%) days abstinent.

The group difference is 10.1% with 95% CI = 0.88%–19.3%.

Effect of drug and infusion number on ketamine

effects scores

Graphs for all psychoactive effects can be seen in Figure 3. Average

scores in the ketamine group increased substantially at the start of

infusion (0 minutes), peaking at the end of infusion (40 minutes)

before gradually declining again. Average scores in the placebo group

remained around 1 (not felt at all) for most of the scales, apart from

effects of drug and liking of drug, which showed increases during the

infusion.

Table 2 shows the mean AUC score for each of the seven psy-

choactive scales, by drug condition and infusion. See Table S3 for

the extent of missing AUC scores. Temporal reliability tests

showed that psychoactive effects were reliable across infusions

(see Tables S4 and S5).

Please see Table S6 or the full non-directional F-statistic LMM

results and Table S7 for the directional β-statistic LMM results. In

these models, we found a significant main effect of drug for every

psychoactive effect (Table S6), indicating that those in the ketamine

group experienced significantly stronger effects than those in the pla-

cebo group, regardless of infusion number.

There were significant interactions between drug (ketamine >

placebo) and infusion H1-contrast (infusion 2 > infusion 1) for: out

of body experiences, altered reality and liking of drug (see

Table S6). For out of body experiences (−12.3) and altered reality

(−9.2), the β for these interactions are negative (Table S7), indicat-

ing that the ketamine > placebo difference is smaller at infusion

2 than infusion 1, because the ketamine average is lower at infu-

sion 2 (Table 2). For liking of drug (44.9), the β for this interaction

is positive (Table S7), indicating that the ketamine > placebo differ-

ence is larger at infusion 2 than infusion 1. This is a consequence

the liking AUC value in the ketamine group being higher at infusion

2 and the liking AUC value in the placebo group being lower at

infusion 2 (Table 2). It is notable that even though these interac-

tions were significant, the effect sizes for these moderation effects

were small-to-moderate: out of body experiences (d = 0.26),

altered reality (d = 0.39) and liking (d = 0.58). The proportional

change in AUC value for ketamine, from infusion 1 to infusion

2, was only −9% for altered reality, −11% for out of body experi-

ences and 29% for liking of drug.

For the other four psychoactive scales, there were no significant

interactions between drug and infusion. Therefore, in combination

with inspection of Figure 3 and Table 2 and Table S7, it is reasonable

to conclude that the psychoactive effects of ketamine across three

infusions were relatively stable.

Mediators of ketamine on abstinence

Subjective ketamine effects

We investigated whether average subjective ketamine effects AUC

scores (Table 2) mediated the relationship between drug allocation

(a) (b)

(c’)

(c)

F I GU R E 2 Expected mediation in which the relationship between

treatment allocation (i.e. drug: ketamine vs. placebo) and percentage

days abstinent is mediated by subjective ketamine effects [quantified

using average area-under-the-curve (AUC) across all three infusions].

A mediation is found if: pathways a, b and c are significant (P < 0.05),

and pathway c’ is smaller than c or non-significant. Pathway a,

indirect effect; pathway b, indirect effect; pathway c’, direct effect;

pathway c, total effect.
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and increased percentage days abstinent. The mediation pathway

results can be seen in Table S8.

As stated above, allocation to the ketamine group increased per-

centage days abstinent from alcohol (pathway c: B = 10.07,

P = 0.032). We also already know that randomisation to the ketamine

group significantly increased the strength of psychoactive effects

(pathway a: all B = 149.9–360.3, all P-values = <0.001–0.024). How-

ever, we found no evidence for significant mediation between drug

and percentage days abstinent, via the psychoactive effects (pathway

b: all B-values = −0.001 to 0.04, all P-values = 0.185–0.998; pathway

c’: all B-values = −1.01 to 12.1, all P-values = 0.075–0.935).

Correlations

The Pearson correlations between each psychoactive effect and per-

centage days abstinent, for the ketamine group, the placebo group

and both combined are shown in Table S9. The scatterplots are shown

in Figure S10. There are no significant correlations within either

group, suggesting there is no relationship between psychoactive

effect and reduced drinking in either ketamine or placebo groups.

Associations in the placebo group

We explored the relationship between subjective effects and per-

centage days abstinent in participants allocated to the placebo group.

This was to explore whether participants who experienced a ‘placebo

effect’, with noticeable subjective effects during the placebo infusion,

had different clinical outcomes to those who reported no subjective

effects. We divided the placebo group into those who reported any

effect of drug at any point on any of the three infusions (the ‘placebo

effect group’ n = 21), and those who never reported any effect of

drug (the ‘no placebo effect group’ n = 28). There was no significant

difference between the ‘placebo effect group’ (78.2%, SD = 22.9%)

and the ‘no placebo effect group’ (71.4%, SD = 28.2%) on percentage

days abstinent (t46 = 0.908, P = 0.369). Furthermore, within the ‘pla-

cebo effect group’, there were no significant correlations between

any of the subjective effect scales and the percentage of days absti-

nent (all rs = 0.0–2.6, all P-values >0.24).

DISCUSSION

We conducted a secondary analysis of the KARE clinical trial data,

which tested the effects of three doses of 0.8 mg/kg IV ketamine

assisted psychotherapy on abstinence from alcohol, in people with

moderate-to-severe AUD [14]. We showed that in people with AUD,

ketamine produces the expected pattern of acute, psychoactive sub-

jective effects. Second, we showed that these effects remain mostly

similar across three ketamine infusions over 3 weeks, although there

were small, but significant, reductions in altered reality and out of

body experiences, as well as an increase in liking of drug, from the first
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infusion to the second infusion. Crucially, we found no significant evi-

dence that any of these psychoactive effects mediated the clinical

benefit of ketamine on reduced alcohol consumption. Last, within the

placebo group, we found no significant evidence that the feeling of an

acute drug effect predicted the clinical outcome.

Participants with AUD who received ketamine experienced

marked subjective effects when compared to those who received pla-

cebo across our range of subjective psychoactive effect scales. A total

of 0.8 mg/kg ketamine profoundly increased ratings for effects of

drug, liking of drug, altered reality, out of body experiences, visual dis-

tortion, sound distortion and altered time perception. Chronic alcohol

use leads to the upregulation of NMDA receptors [46], which could

theoretically decrease the acute effects of ketamine [21, 47]. Our

analysis adds to evidence suggesting that those with AUD experience

marked subjective ketamine effects. Further research is needed to

understand whether these are comparable in size to the subjective

effects reported by healthy controls [15, 19].

We demonstrated that subjective effect scores reported during

ketamine infusion remained largely consistent across the three visits,

suggesting that participants did not develop measurable physiological

tolerance or subjective alterations to the experience of ketamine over

the three infusions. There were small, but significant, reductions from

the first and second infusions for two scales: out of body experiences

and altered reality. However, these reflected approximately a 10%

drop and may be driven by the participants’ apprehension and height-

ened novel experience during the first infusion. Repeated-measures

psychopharmacology experiments often show stronger effects at the

first session, when participants are in a novel environment, compared

to subsequent sessions.

Our findings (Figure 2) show the pattern is broadly similar across

all three infusions. There were no significant changes over three infu-

sions in 4 other scales: visual distortion, sound distortion, altered time

perception and effects of drug. Tolerance has been described in both

anaesthetic and recreational use of ketamine, but this develops at

substantially higher and more frequent ketamine dosing [48, 49] than

we gave in our study. Patients are unlikely to become tolerant to the

subjective effects after three IV 0.8 mg/kg doses of ketamine. Repeat

administrations of ketamine have been shown to be beneficial in

treating depression [24, 25] and heroin use disorder [10]. Further

research is needed to determine optimal dosing schedules for SUDs

and whether psychopharmacological tolerance appears with more fre-

quent clinical ketamine dosing regimens.

Contrary to our hypothesis, we did not find evidence to suggest

that more intense psychoactive effects mediated the relationship

between ketamine treatment and clinical outcome (percentage days

abstinent from alcohol). This is consistent with Olson’s [50] proposal

that the subjective effects of ketamine and classic psychedelics are

not therapeutically relevant. Broadly, the subjective psychoactive

effects of ketamine have predicted clinical response in previous SUD

trials [27], however, our study, which is the largest to date, is the first

to find no significant relationship between ketamine’s psychoactive

effects and reduced recreational substance use. Our results imply that

T AB L E 2 Psychoactive ketamine effects split by drug and infusion with area-under-the-curve mean (SD) [min–max] {median (IQR)} data,

rounded to nearest integer.

Infusion 1 Infusion 2 Infusion 3 Total

Placebo Ketamine Placebo Ketamine Placebo Ketamine Placebo Ketamine

Altered time perception 159 (69)

[140–570]

{140 (0)}

437 (114)

[160–660]

{480 (130)}

165 (66)

[140–500]

{140 (0)}

432 (145)

[140–720]

{420 (180)}

149 (25)

[140–260]

{140 (0)}

437 (112)

[220–660]

{500 (180)}

157 (45)

[140–403]

{140 (13)}

428 (97)

[160–583]

{440 (120)}

Altered reality 153 (28)

[140–240]

{140 (0)}

500 (87)

[320–740]

{500 (100)}

149 (24)

[140–240]

{140 (0)}

455 (112)

[220–680]

{480 (140)}

145 (20)

[140–260]

{140 (0)}

464 (126)

[180–850]

{500 (95)}

150 (22)

[140–233]

{140 (10)}

477 (89)

[260–795]

{478 (83)}

Visual distortion 145 (18)

[140–260]

{140 (0)}

436 (143)

[140–770]

{440 (190)}

146 (20)

[140–240]

{140 (0)}

427 (154)

[140–940]

{460 (220)}

146 (19)

[140–240]

{140 (0)}

444 (140)

[140–750]

{480 (180)}

146 (15)

[140–213]

{140 (0)}

432 (126)

[140–735]

{435 (127)}

Distortion of sound 142 (6)

[140–160]

{140 (0)}

396 (116)

[140–640]

{400 (180)}

141 (9)

[140–200]

{140 (0)}

376 (124)

[140–640]

{390 (175)}

145 (16)

[140–220]

{140 (0)}

386 (133)

[140–650]

{400 (200)}

142 (7)

[140–173]

{140 (0)}

378 (110)

[140–637]

{387 (107)}

Out of body experience 147 (28)

[140–280]

{140 (0)}

362 (160)

[140–720]

{380 (280)}

148 (36)

[140–360]

{140 (0)}

321 (154)

[140–710]

{320 (315)}

145 (25)

[140–300]

{140 (0)}

341 (146)

[140–650]

{320 (300)}

147 (25)

[140–267]

{140 (0)}

340 (135)

[140–693]

{335 (208)}

Effects of drug 203 (117)

[140–570]

{140 (55)}

589 (112)

[380–900]

{560 (120)}

219 (154)

[140–800]

{140 (80)}

570 (142)

[240–1000]

{545 (115)}

223 (201)

[140–860]

{140 (20)}

543 (117)

[320–850]

{540 (148)}

207 (128)

[140–680]

{140 (67)}

567 (104)

[400–840]

{530 (133)}

Liking of drug 594 (203)

[140–1190]

{590 (135)}

640 (259)

[160–1130]

{660 (370)}

561 (242)

[140–1000]

{660 (340)}

826 (342)

[220–1400]

{800 (500)}

640 (275)

[140–1310]

{700 (120)}

798 (329)

[140–1310]

{800 (490)}

584 (243)

[140–1250]

{650 (312)}

732 (306)

[173, 1325]

{742 (417)}

Note: A score of 140 indicates no effect.

Abbreviations: IQR, interquartile range; max, maximum; min, minimum.
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ketamine has relapse-preventing effects which are not explained by

the altered state of consciousness that ketamine produces. Specula-

tively, this implies that ketamine’s effects on neuroplasticity and func-

tional brain changes, which do not acutely impact the conscious

experience, may be more relevant in its therapeutic mechanism [28,

51]. A strong conscious-altering experience may not be necessary.

The administration of ketamine during full anaesthesia, which blocks

any subjective effect, to patients with depression, has produced both

antidepressant [52–54] and null effects [55], leading to clinical scien-

tists making claims on both sides of the argument. Future studies

could potentially apply this study design to people with SUDs who are

incidentally undergoing surgery. These discussions have implications

for whether ketamine-analogue drugs, which do not produce psycho-

active effects, should be developed and how therapy should be inte-

grated into ketamine treatment procedures.

However, one major difference between our study and the previ-

ous trials that found an association between psychoactive effect and

treatment response [11, 38, 40], is that they used the Hoods mysticism

scale (HMS) to measure mystical effects during ketamine administra-

tion. Crucially, these studies did not find an association between disso-

ciative effects and clinical response [11, 38, 40]. Our scales capture the

dissociative effects (out of body experiences; altered reality), perceptual

effects (distorted vision and sound) and strength of effect, however,

they do not capture the spiritual or mystical effects. Therefore, future

research must clarify if these mystical psychoactive effects (like the

HMS) have clinical relevance, as well as further exploring the role of dis-

sociation. The impact of a mystical experience, which may give lasting

spiritual meaning to the event, may be quite different from the impacts

of drug-induced dissociation.

There has been considerable discussion about positive expecta-

tions and placebo effects as the drivers of apparent clinical effects of

psychedelic treatment [56, 57]. Our findings, specifically the null

mediations and null associations within the placebo group, can par-

tially speak to this debate. The subjective feeling of the drug predicted

clinical response in neither the ketamine nor the placebo group, imply-

ing that the sense of being in the active condition was not significantly

associated with treatment outcome.

Our study has a variety of strengths: the largest sample size

(n = 96) in a study testing the psychological mechanisms of ketamine

for SUD treatment; a longer duration of follow-up (6 months) com-

pared to previous studies; and a randomised and placebo-controlled

design. Limitations of our study include the fact that some participants

did not complete all three infusions, the absence of the HMS and the

use of saline placebo rather than an active control, like very low dose

ketamine or a benzodiazepine like midazolam. Furthermore, as a result

of our recruitment methods, our study sample does not represent the

treatment-seeking AUD population, but the participants may in fact be

more representative of the broader UK AUD population.

CONCLUSIONS

In summary, in a sample of people with moderate-to-severe AUD who

want to abstain from alcohol, we found that administration of IV

ketamine (0.8 mg/kg) causes marked psychoactive effects, including

out of body experiences, altered reality and distortions of perceptions.

These effects remain largely similar over three weekly infusions. Cru-

cially, we did not find evidence that these psychoactive effects medi-

ate the therapeutic effect of ketamine on reduced alcohol

consumption. Future research into the therapeutic mechanism of

ketamine in SUDs should concurrently evaluate the explanatory value

of simple drug effects, mystical effects, markers of neural plasticity

and functional brain alterations.

AUTHOR CONTRIBUTIONS

Cassie Bloy: Data curation; formal analysis; software; validation; visu-

alization; writing—original draft; writing—review and editing. Ananya

Sarma: Data curation; formal analysis; visualization; writing—original

draft; writing—review and editing. Bethan Marsh: Investigation; pro-

ject administration; writing—review and editing. Lorna Hardy: Investi-

gation; project administration; writing—review and editing. Meryem

Grabski: Writing—review and editing. Merve Mollaahmetoglu: Writ-

ing—review and editing. Joshua Shotton: Writing—original draft; writ-

ing—review and editing. Shamhethan Bhaskaran: Validation; writing—

original draft; writing—review and editing. Anne Lingford-Hughes:

Conceptualization; funding acquisition; methodology; supervision;

writing—review and editing. H. Val Curran: Conceptualization; funding

acquisition; methodology; supervision; writing—review and editing.

Celia Morgan: Conceptualization; funding acquisition; investigation;

methodology; project administration; resources; supervision; writing—

review and editing. Will Lawn: Conceptualization; data curation; for-

mal analysis; investigation; methodology; project administration; soft-

ware; supervision; validation; visualization; writing—original draft;

writing—review and editing.

ACKNOWLEDGEMENTS

We thank the participants of the KARE trial, the staff at UCLH and

Exeter Clinical Research Facilities and everyone who helped collect

and analyse data. We specifically acknowledge and thank Dr Brigitta

Brandner and Dr David Gilhooley who passed away. We thank the

Medical Research Council for funding the KARE trial.

DECLARATION OF INTERESTS

C.M. has consulted for Awakn Life Sciences and Sanna Science and

received royalties from Awakn Life Sciences for the KARE therapy.

W.L. has provided sporadic consultancy to the CRO AxialBridge and

received royalties from Awakn Life Sciences for the KARE therapy.

A.L.H. has received honoraria paid into her institutional funds for

speaking and chairing engagements from Lundbeck, Lundbeck Insti-

tute UK, Janssen-Cilag, Pfizer, Servier as well as from British Associ-

ation for Psychopharmacology for teaching addiction neurobiology

and pharmacotherapy for management of alcohol dependence; has

received research grants or support from Indivior, Lundbeck, GSK;

has unrestricted funds support from Alcarelle for a PhD; consulted

by Silence, NET Device Corps, Sanofi-Aventis, and also consulted by

but received no monies from Britannia Pharmaceuticals, GLG,

Opiant, Lightlake, Dobrin and Nodthera. She is Chair, Addiction

Healthcare Goals Programme, Office of Life Sciences, UK

KETAMINE EFFECTS AND MECHANISMS IN AUD 9

 1
3

6
0

0
4

4
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/ad

d
.7

0
3

2
0

 b
y

 O
p

en
 A

ccess S
h

effield
 - U

N
IV

E
R

S
IT

Y
 O

F
 S

H
E

F
F

IE
L

D
 , W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

3
/0

2
/2

0
2
6
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se



Government. B.M. received royalties from Awakn Life Sciences for

the KARE therapy.

DATA AVAILABILITY STATEMENT

Research data are not shared.

ETHICS STATEMENT

South West-Central Bristol Research Ethics Committee (reference

number 15/SW/0312).

CLINICAL TRIAL REGISTRATION

The original trial was registered at ClinicalTrials.gov (NCT02649231)

and EudraCT (2015–000222-11). This analysis was not pre-

registered.

ORCID

Anne Lingford-Hughes https://orcid.org/0000-0003-4512-3453

Celia Morgan https://orcid.org/0000-0002-8858-4906

Will Lawn https://orcid.org/0000-0002-0143-2724

REFERENCES

1. World Health Organization. Alcohol. World Health Organiza-

tion. 2024. https://www.who.int/news-room/fact-sheets/

detail/alcohol

2. NHS England. Adult drinking. NHS England Digital 2024. https://

digital.nhs.uk/data-and-information/publications/statistical/health-

survey-for-england/2022-part-1/adult-drinking

3. Office for Health Improvement & Disparities. Adult Substance Mis-

use Treatment Statistics 2022 to 2023: Report. GOV.UK. 2023.

4. Witkiewitz K, Litten RZ, Leggio L. Advances in the science and treat-

ment of alcohol use disorder. Sci Adv. 2019;5(9):eaax4043. https://

doi.org/10.1126/sciadv.aax4043

5. PubChem. Ketamine. Nihgov PubChem; 2019. https://pubchem.

ncbi.nlm.nih.gov/compound/Ketamine

6. Singh JB, Daly EJ, Mathews M, Fedgchin M, Popova V, Hough D,

et al. Approval of esketamine for treatment-resistant depression.

Lancet Psychiatry. 2020;7(3):232–5. https://doi.org/10.1016/

S2215-0366(19)30533-4

7. Matveychuk D, Thomas RK, Swainson J, Khullar A, MacKay MA,

Baker GB, et al. Ketamine as an antidepressant: Overview of its

mechanisms of action and potential predictive biomarkers. Ther

Adv Psychopharmacol. 2020;10(10):2045125320916657. https://

doi.org/10.1177/2045125320916657

8. Kelson M, Burnett JM, Matthews A, Juneja T. Ketamine Treatment

for Alcohol Use Disorder: A Systematic Review. Cureus. 2023;15(5):

e38498. https://doi.org/10.7759/cureus.38498

9. Krupitsky E, Burakov A, Romanova T, Dunaevsky I, Strassman R,

Grinenko A. Ketamine psychotherapy for heroin addiction:

Immediate effects and two-year follow-up. J Subst Abuse Treat.

2002;23(4):273–83. https://doi.org/10.1016/S0740-5472(02)

00275-1

10. Krupitsky EM, Burakov AM, Dunaevsky IV, Romanova TN,

Slavina TY, Grinenko AY. Single versus repeated sessions of

ketamine-assisted psychotherapy for people with heroin depen-

dence. J Psychoactive Drugs. 2007;39(1):13–9. https://doi.org/10.

1080/02791072.2007.10399860

11. Dakwar E, Levin F, Foltin RW, Nunes EV, Hart CL. The effects of sub-

anesthetic ketamine infusions on motivation to quit and cue-induced

craving in cocaine-dependent research volunteers. Biol Psychiatry.

2014;76(1):40–6. https://doi.org/10.1016/j.biopsych.2013.08.009

12. Krupitsky EM, Grinenko AY. Ketamine psychedelic therapy (KPT):

A review of the results of ten years of research. J Psychoactive

Drugs. 1997;29(2):165–83. https://doi.org/10.1080/02791072.

1997.10400185

13. Dakwar E, Levin F, Hart CL, Basaraba C, Choi J, Pavlicova M, et al. A

single ketamine infusion combined with motivational enhancement

therapy for alcohol use disorder: A randomized midazolam-controlled

pilot trial. Am J Psychiatry. 2019;177(2):125–33. https://doi.org/10.

1176/appi.ajp.2019.19070684

14. Grabski M, McAndrew A, Lawn W, Marsh B, Raymen L, Stevens T,

et al. Adjunctive ketamine with relapse prevention–based psycholog-

ical therapy in the treatment of alcohol use disorder.

Am J Psychiatry. 2022;179(2):152–62. https://doi.org/10.1176/

appi.ajp.2021.21030277

15. Krystal JH. Subanesthetic effects of the noncompetitive NMDA

antagonist, ketamine, in humans. Arch Gen Psychiatry. 1994;51(3):

199. https://doi.org/10.1001/archpsyc.1994.03950030035004

16. Morgan CJA, Mofeez A, Brandner B, Bromley L, Curran HV. Acute

effects of ketamine on memory systems and psychotic symptoms in

healthy volunteers. Neuropsychopharmacology. 2003;29(1):208–18.

https://doi.org/10.1038/sj.npp.1300342

17. Malhotra A. NMDA receptor function and human cognition:

The effects of ketamine in healthy volunteers. Neuropsychopharma-

cology. 1996;14(5):301–7. https://doi.org/10.1016/0893-133X(95)

00137-3

18. Passie T, Adams HA, Logemann F, Brandt SD, Wiese B,

Karst M. Comparative effects of (S)-ketamine and racemic (R/S)-

ketamine on psychopathology, state of consciousness and neurocog-

nitive performance in healthy volunteers. Eur Neuropsychopharma-

col. 2021;44:92–104. https://doi.org/10.1016/j.euroneuro.2021.

01.005

19. Krystal JH, Petrakis IL, Mason G, Trevisan L, D’Souza DC. N-methyl-

d-aspartate glutamate receptors and alcoholism: Reward, depen-

dence, treatment, and vulnerability. Pharmacol Ther. 2003;99(1):79–

94. https://doi.org/10.1016/s0163-7258(03)00054-8

20. Petrakis IL. Altered NMDA glutamate receptor antagonist

response in individuals with a family vulnerability to alcoholism.

Am J Psychiatry. 2004;161(10):1776–82. https://doi.org/10.1176/

ajp.161.10.1776

21. Comstock SM, Vaidya JG, Niciu MJ. Neurophysiological correlates

and differential drug response in subjects with a family history of an

alcohol use disorder. Chronic Stress. 2019;3:2470547019865267.

https://doi.org/10.1177/2470547019865267

22. Krystal JH, Petrakis IL, Webb E, Cooney NL, Karper LP,

Namanworth S, et al. Dose-Related Ethanol-like Effects of the

NMDA Antagonist, Ketamine, in Recently Detoxified Alcoholics.

Arch Gen Psychiatry. 1998;55(4):354–60. https://doi.org/10.1001/

archpsyc.55.4.354

23. Terasaki D. Acute subjective experiences of intravenous ketamine

therapy among medically hospitalized patients with alcohol use dis-

order. Psychedelic Med. 2024;2(2):116–26. https://doi.org/10.

1089/psymed.2023.0066

24. Shiroma PR, Thuras P, Wels J, Albott CS, Erbes C, Tye S,

et al. A randomized, double-blind, active placebo-controlled study

of efficacy, safety, and durability of repeated vs single

subanesthetic ketamine for treatment-resistant depression. Transl

Psychiatry. 2020;10(1):1–9. https://doi.org/10.1038/s41398-020-

00897-0

25. Murrough JW, Perez AM, Pillemer S, Stern J, Parides MK, aan het

Rot M, et al. Rapid and longer-term antidepressant effects of

repeated ketamine infusions in treatment-resistant major depression.

10 BLOY ET AL.

 1
3

6
0

0
4

4
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/ad

d
.7

0
3

2
0

 b
y

 O
p

en
 A

ccess S
h

effield
 - U

N
IV

E
R

S
IT

Y
 O

F
 S

H
E

F
F

IE
L

D
 , W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

3
/0

2
/2

0
2
6
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se

http://ClinicalTrials.gov
https://orcid.org/0000-0003-4512-3453
https://orcid.org/0000-0003-4512-3453
https://orcid.org/0000-0002-8858-4906
https://orcid.org/0000-0002-8858-4906
https://orcid.org/0000-0002-0143-2724
https://orcid.org/0000-0002-0143-2724
https://www.who.int/news-room/fact-sheets/detail/alcohol
https://www.who.int/news-room/fact-sheets/detail/alcohol
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2022-part-1/adult-drinking
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2022-part-1/adult-drinking
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2022-part-1/adult-drinking
https://doi.org/10.1126/sciadv.aax4043
https://doi.org/10.1126/sciadv.aax4043
https://pubchem.ncbi.nlm.nih.gov/compound/Ketamine
https://pubchem.ncbi.nlm.nih.gov/compound/Ketamine
https://doi.org/10.1016/S2215-0366(19)30533-4
https://doi.org/10.1016/S2215-0366(19)30533-4
https://doi.org/10.1177/2045125320916657
https://doi.org/10.1177/2045125320916657
https://doi.org/10.7759/cureus.38498
https://doi.org/10.1016/S0740-5472(02)00275-1
https://doi.org/10.1016/S0740-5472(02)00275-1
https://doi.org/10.1080/02791072.2007.10399860
https://doi.org/10.1080/02791072.2007.10399860
https://doi.org/10.1016/j.biopsych.2013.08.009
https://doi.org/10.1080/02791072.1997.10400185
https://doi.org/10.1080/02791072.1997.10400185
https://doi.org/10.1176/appi.ajp.2019.19070684
https://doi.org/10.1176/appi.ajp.2019.19070684
https://doi.org/10.1176/appi.ajp.2021.21030277
https://doi.org/10.1176/appi.ajp.2021.21030277
https://doi.org/10.1001/archpsyc.1994.03950030035004
https://doi.org/10.1038/sj.npp.1300342
https://doi.org/10.1016/0893-133X(95)00137-3
https://doi.org/10.1016/0893-133X(95)00137-3
https://doi.org/10.1016/j.euroneuro.2021.01.005
https://doi.org/10.1016/j.euroneuro.2021.01.005
https://doi.org/10.1016/s0163-7258(03)00054-8
https://doi.org/10.1176/ajp.161.10.1776
https://doi.org/10.1176/ajp.161.10.1776
https://doi.org/10.1177/2470547019865267
https://doi.org/10.1001/archpsyc.55.4.354
https://doi.org/10.1001/archpsyc.55.4.354
https://doi.org/10.1089/psymed.2023.0066
https://doi.org/10.1089/psymed.2023.0066
https://doi.org/10.1038/s41398-020-00897-0
https://doi.org/10.1038/s41398-020-00897-0


Biol Psychiatry. 2013;74(4):250–6. https://doi.org/10.1016/j.

biopsych.2012.06.022

26. Barik AK, Chauhan R, Reddy A, Kaloria N. Concerns on the use of

ketamine in the treatment of depression. Indian J Psychol Med.

2023;46(1):94–5. https://doi.org/10.1177/02537176231201660

27. Grabski M, Borissova A, Marsh B, Morgan CJ, Curran HV. Ketamine

as a mental health treatment: Are acute psychoactive effects associ-

ated with outcomes? A systematic review. Behav Brain Res. 2020;

392:112629. https://doi.org/10.1016/j.bbr.2020.112629

28. Ivan Ezquerra-Romano I, Lawn W, Krupitsky E, Morgan CJA. Keta-

mine for the treatment of addiction: Evidence and potential mecha-

nisms. Neuropharmacology. 2018;142:72–82. https://doi.org/10.

1016/j.neuropharm.2018.01.017

29. Garel N, McAnulty C, Greenway KT, Lesperance P, Miron JP,

Rej S, et al. Efficacy of ketamine intervention to decrease

alcohol use, cravings, and withdrawal symptoms in adults with prob-

lematic alcohol use or alcohol use disorder: A systematic review and

comprehensive analysis of mechanism of actions. Drug Alcohol

Depend. 2022;239:109606. https://doi.org/10.1016/j.drugalcdep.

2022.109606

30. van Elk M, Yaden DB. Pharmacological, neural, and psychological

mechanisms underlying psychedelics: A critical review. Neurosci Bio-

behav Rev. 2022;140:104793. https://doi.org/10.1016/j.neubiorev.

2022.104793

31. Vollenweider FX, Preller KH. Psychedelic drugs: Neurobiology and

potential for treatment of psychiatric disorders. Nat Rev Neurosci.

2020;21(11):611–24. https://doi.org/10.1038/s41583-020-0367-2

32. Griffiths RR, Johnson MW, Carducci MA, Umbricht A,

Richards WA, Richards BD, et al. Psilocybin produces substantial

and sustained decreases in depression and anxiety in patients

with life-threatening cancer: A randomized double-blind trial.

J Psychopharmacol. 2016;30(12):1181–97. https://doi.org/10.1177/

0269881116675513

33. Garcia-Romeu A, Griffiths R, Johnson M. Psilocybin-occasioned

mystical experiences in the treatment of tobacco addiction.

Curr Drug Abuse Rev. 2015;7(3):157–64. https://doi.org/10.2174/

1874473708666150107121331

34. Bogenschutz MP, Forcehimes AA, Pommy JA, Wilcox CE,

Barbosa PCR, Strassman RJ. Psilocybin-assisted treatment for

alcohol dependence: A proof-of-concept study. J Psychopharmacol.

2015;29(3):289–99. https://doi.org/10.1177/0269881114565144

35. Bogenschutz MP, Ross S, Bhatt S, Baron T, Forcehimes AA, Laska E,

et al. Percentage of heavy drinking days following psilocybin-assisted

psychotherapy vs placebo in the treatment of adult patients with

alcohol use disorder. JAMA Psychiatry. 2022;79(10):953–62.

https://doi.org/10.1001/jamapsychiatry.2022.2096

36. Morgan C, McAndrew A, Stevens T, Nutt D, Lawn W. Tripping up

addiction: The use of psychedelic drugs in the treatment of problem-

atic drug and alcohol use. Curr Opin Behav Sci. 2017;13:71–6.

https://doi.org/10.1016/j.cobeha.2016.10.009

37. Mathai DS, Meyer MJ, Storch EA, Kosten TR. The relationship

between subjective effects induced by a single dose of ketamine and

treatment response in patients with major depressive disorder: A

systematic review. J Affect Disord. 2020;264:123–9. https://doi.

org/10.1016/j.jad.2019.12.023

38. Dakwar E, Nunes EV, Hart CL, Hu MC, Foltin RW, Levin FR. A sub-

set of psychoactive effects may be critical to the behavioral impact

of ketamine on cocaine use disorder: Results from a randomized,

controlled laboratory study. Neuropharmacology. 2018;142:270–6.

https://doi.org/10.1016/j.neuropharm.2018.01.005

39. Dakwar E, Anerella C, Hart CL, Levin FR, Mathew SJ, Nunes EV.

Therapeutic infusions of ketamine: Do the psychoactive effects mat-

ter? Drug Alcohol Depend. 2014;136:153–7. https://doi.org/10.

1016/j.drugalcdep.2013.12.019

40. Rothberg RL, Azhari N, Haug NA, Dakwar E. Mystical-type

experiences occasioned by ketamine mediate its impact on at-risk

drinking: Results from a randomized, controlled trial.

J Psychopharmacol. 2020;35(2):150–8. https://doi.org/10.1177/

0269881120970879

41. Sobell L, Sobell M. Timeline Follow-Back: A Technique for Assessing

Self-Reported Alcohol Consumption. In: Litten R, Allen J, editors-

Measuring Alcohol Consumption Totowa, NJ: Humana; 1992. p. 41–

72 https://doi.org/10.1007/978-1-4612-0357-5_3

42. Englund A, Oliver D, Chesney E, Chester L, Wilson J, Sovi S, et al.

Does cannabidiol make cannabis safer? A randomised, double-blind,

cross-over trial of cannabis with four different CBD:THC ratios. Neu-

ropsychopharmacology. 2022;48(6):869–76. https://doi.org/10.

1038/s41386-022-01478-z

43. Morton TL, Devarakonda K, Kostenbader K, Montgomery J,

Barrett T, Webster L. Correlation of subjective effects with

systemic opioid exposure from fixed-dose combinations of

oxycodone/acetaminophen in recreational users of prescription

drugs. Pain Med. 2016;17(3):539–50. https://doi.org/10.1111/pme.

12884

44. Rayner W, Livingston GC. Orthogonal contrasts for both balanced

and unbalanced designs and both ordered and unordered treatments.

Statistica Neerl. 2023;78(1):68–78.

45. Hayes AF. Introduction to Mediation, Moderation, and Conditional

Process Analysis: A Regression-Based Approach 3rd ed. Guilford

Publications; 2017.

46. Nagy J. Alcohol related changes in regulation of NMDA receptor

functions. Curr Neuropharmacol. 2008;6(1):39–54. https://doi.org/

10.2174/157015908783769662

47. Luckenbaugh DA, Ibrahim L, Brutsche N, Franco-Chaves J,

Mathews D, Marquardt CA, et al. Family history of alcohol depen-

dence and antidepressant response to an N-methyl-D-aspartate

antagonist in bipolar depression. Bipolar Disord. 2012;14(8):880–7.

https://doi.org/10.1111/bdi.12003

48. Kirby T. Ketamine for depression: the highs and lows. Lancet Psychi-

atry. 2015 Sep;2(9):783–4. https://doi.org/10.1016/S2215-0366

(15)00392-2

49. Morgan CJA, Curran HV. Ketamine use: A review. Addiction.

2011;107(1):27–38. https://doi.org/10.1111/j.1360-0443.2011.

03576.x

50. Olson DE. The subjective effects of psychedelics may not be

necessary for their enduring therapeutic effects. ACS Pharmacol

Transl Sci. 2020;4(2):563–7. https://doi.org/10.1021/acsptsci.

0c00192

51. Zanos P, Gould TD. Mechanisms of ketamine action as an antide-

pressant. Mol Psychiatry. 2018;23(4):801–11. https://doi.org/10.

1038/mp.2017.255

52. Kudoh A, Takahira Y, Katagai H, Takazawa T. Small-dose ketamine

improves the postoperative state of depressed patients. Anesth

Analg. 2002;95(1):114–8. https://doi.org/10.1097/00000539-

200207000-00020

53. Jiang M, Wang MH, Wang XB, Liu L, Wu JL, Yang XL, et al.

Effect of intraoperative application of ketamine on postoperative

depressed mood in patients undergoing elective orthopedic surgery.

J Anesth. 2015;30(2):232–7. https://doi.org/10.1007/s00540-015-

2096-7

54. Xu R, Zhan Y, Chen S. Effect of intraoperative single administration

of sub-anesthesia ketamine on breast cancer patients with depres-

sion. Biomed Res. 2017;16:3373–81. https://doi.org/10.2147/IJGM.

S421265

55. Lii TR, Smith AE, Flohr JR, Okada R, Nyongesa CA, Cianfichi LJ, et al.

Randomized trial of ketamine masked by surgical anesthesia in

patients with depression. Nat Ment Health. 2023;1(11):876–86.

https://doi.org/10.1038/s44220-023-00140-x

KETAMINE EFFECTS AND MECHANISMS IN AUD 11

 1
3

6
0

0
4

4
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/ad

d
.7

0
3

2
0

 b
y

 O
p

en
 A

ccess S
h

effield
 - U

N
IV

E
R

S
IT

Y
 O

F
 S

H
E

F
F

IE
L

D
 , W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

3
/0

2
/2

0
2
6
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se

https://doi.org/10.1016/j.biopsych.2012.06.022
https://doi.org/10.1016/j.biopsych.2012.06.022
https://doi.org/10.1177/02537176231201660
https://doi.org/10.1016/j.bbr.2020.112629
https://doi.org/10.1016/j.neuropharm.2018.01.017
https://doi.org/10.1016/j.neuropharm.2018.01.017
https://doi.org/10.1016/j.drugalcdep.2022.109606
https://doi.org/10.1016/j.drugalcdep.2022.109606
https://doi.org/10.1016/j.neubiorev.2022.104793
https://doi.org/10.1016/j.neubiorev.2022.104793
https://doi.org/10.1038/s41583-020-0367-2
https://doi.org/10.1177/0269881116675513
https://doi.org/10.1177/0269881116675513
https://doi.org/10.2174/1874473708666150107121331
https://doi.org/10.2174/1874473708666150107121331
https://doi.org/10.1177/0269881114565144
https://doi.org/10.1001/jamapsychiatry.2022.2096
https://doi.org/10.1016/j.cobeha.2016.10.009
https://doi.org/10.1016/j.jad.2019.12.023
https://doi.org/10.1016/j.jad.2019.12.023
https://doi.org/10.1016/j.neuropharm.2018.01.005
https://doi.org/10.1016/j.drugalcdep.2013.12.019
https://doi.org/10.1016/j.drugalcdep.2013.12.019
https://doi.org/10.1177/0269881120970879
https://doi.org/10.1177/0269881120970879
https://doi.org/10.1007/978-1-4612-0357-5_3
https://doi.org/10.1038/s41386-022-01478-z
https://doi.org/10.1038/s41386-022-01478-z
https://doi.org/10.1111/pme.12884
https://doi.org/10.1111/pme.12884
https://doi.org/10.2174/157015908783769662
https://doi.org/10.2174/157015908783769662
https://doi.org/10.1111/bdi.12003
https://doi.org/10.1016/S2215-0366(15)00392-2
https://doi.org/10.1016/S2215-0366(15)00392-2
https://doi.org/10.1111/j.1360-0443.2011.03576.x
https://doi.org/10.1111/j.1360-0443.2011.03576.x
https://doi.org/10.1021/acsptsci.0c00192
https://doi.org/10.1021/acsptsci.0c00192
https://doi.org/10.1038/mp.2017.255
https://doi.org/10.1038/mp.2017.255
https://doi.org/10.1097/00000539-200207000-00020
https://doi.org/10.1097/00000539-200207000-00020
https://doi.org/10.1007/s00540-015-2096-7
https://doi.org/10.1007/s00540-015-2096-7
https://doi.org/10.2147/IJGM.S421265
https://doi.org/10.2147/IJGM.S421265
https://doi.org/10.1038/s44220-023-00140-x


56. Huneke NTM, Cortese S, Solmi M. Understanding Placebo Mecha-

nisms to Reduce Attrition in Psychiatric Trials. JAMA Psychiatry.

2025;82(6):553–4. https://doi.org/10.1001/jamapsychiatry.2025.

0303

57. Butler M, Jelen L, Rucker J. Expectancy in placebo-controlled trials of

psychedelics: if so, so what? Psychopharmacology. 2022;239(10):

3047–55. https://doi.org/10.1007/s00213-022-06221-6

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Bloy C, Sarma A, Marsh B, Hardy L,

Grabski M, Mollaahmetoglu M, et al. The psychoactive effects

of repeated ketamine infusions and their mechanistic role in

the treatment of alcohol use disorder: Secondary analysis of a

randomised controlled trial. Addiction. 2026. https://doi.org/

10.1111/add.70320

12 BLOY ET AL.

 1
3

6
0

0
4

4
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/ad

d
.7

0
3

2
0

 b
y

 O
p

en
 A

ccess S
h

effield
 - U

N
IV

E
R

S
IT

Y
 O

F
 S

H
E

F
F

IE
L

D
 , W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

3
/0

2
/2

0
2
6
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se

https://doi.org/10.1001/jamapsychiatry.2025.0303
https://doi.org/10.1001/jamapsychiatry.2025.0303
https://doi.org/10.1007/s00213-022-06221-6
https://doi.org/10.1111/add.70320
https://doi.org/10.1111/add.70320

	The psychoactive effects of repeated ketamine infusions and their mechanistic role in the treatment of alcohol use disorder...
	Abstract
	INTRODUCTION
	METHODS
	Participants
	Setting
	Study design
	Procedure
	Infusions
	Measures
	Subjective psychoactive ketamine effects
	Alcohol use

	Data analyses

	RESULTS
	Participant characteristics
	Effect of drug allocation on percentage days abstinent from alcohol
	Effect of drug and infusion number on ketamine effects scores
	Mediators of ketamine on abstinence
	Subjective ketamine effects

	Correlations
	Associations in the placebo group

	DISCUSSION
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	DECLARATION OF INTERESTS
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	CLINICAL TRIAL REGISTRATION
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


