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ABSTRACT

Background ‘Recreational’ use of ketamine is spreading rapidly among young people. In healthy individuals an acute

dose of the N-methyl D-aspartate (NMDA) receptor antagonist ketamine induces marked psychosis-like effects and

cognitive impairments, but little is known about the long-term effects of the drug. Aims To evaluate the long-term

neuropsychiatric or cognitive consequences. Methods A total of 150 individuals were assessed, 30 in each of five

groups: frequent ketamine users, infrequent ketamine users, abstinent users, polydrug controls and non-users of illicit

drugs. Twelve months later, 80% of these individuals were re-tested. Results Cognitive deficits were mainly observed

only in frequent users. In this group, increasing ketamine use over the year was correlated with decreasing perfor-

mance on spatial working memory and pattern recognition memory tasks. Assessments of psychological wellbeing

showed greater dissociative symptoms in frequent users and a dose–response effect on delusional symptoms, with

frequent users scoring higher than infrequent, abstinent users and non-users, respectively. Both frequent and abstinent

using groups showed increased depression scores over the 12 months. Conclusions These findings imply that heavy

use of ketamine is harmful to aspects of both cognitive function and psychological wellbeing. Health education

campaigns need to raise awareness among young people and clinicians about these negative consequences of ketamine

use.
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INTRODUCTION

Ketamine, a drug once known only in certain subcul-

tures, has now become a mainstream club drug. Interna-

tionally, the increased use of this drug is reflected in the

critical review of ketamine being carried out currently by

the World Health Organization’s Expert Committee on

Drug Dependence and the concern expressed about ket-

amine’s impact on individual and social wellbeing by the

recent UN Commission on Narcotic Drugs in 2007. In the

United Kingdom alone, surveys of nightclub goers from

1999 to 2003 showed that prevalence rates rose from

25% to 40% [1].

Ketamine is an N-methyl-D-aspartate (NMDA:

ecstasy) receptor antagonist which is used medically as

an anaesthetic. It has the potential to cause marked

changes acutely in cognitive function and psychological

wellbeing, both through the dense population of NMDA

receptors located throughout the cerebral cortex and

hippocampus and via its effects on the transmission of

modulatory, ascending monoamines such as dopamine

(DA) and serotonin (5-HT) in the striatum and cortex

[2,3]. Numerous studies have shown that a single, acute

intravenous dose of ketamine produces schizophrenia-

like symptoms, dissociative effects and broad-ranging

cognitive dysfunction in healthy, ketamine-naive volun-

teers [4,5]. These healthy volunteers also show increased

ratings of ‘liking’ and ‘wanting more’ ketamine [6]. The

key question is what are the consequences of this psy-

chotomimetic, cognitively impairing and subjectively
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reinforcing drug for the increasing numbers of recre-

ational users who take this drug repeatedly over months

or years?

Controlled human studies of repeated doses of

ketamine are precluded because it would be unethical to

give an anaesthetic with these pronounced side effects

more than once or twice. Therefore ketamine abusers

themselves provide the only window on the consequences

of repeated ketamine use.

In three studies, ketamine users (and controls) were

tested on the night they took the drug and then again 3

days later when they were drug-free [7–9]. The acute

effects of ketamine on the night of use mimicked those

observed in laboratory studies showing impairment of

performance on tasks tapping working, episodic and

semantic memory. However, marked episodic memory

impairments were also found in ketamine users when

they were drug-free and these were related to the extent

that individuals used ketamine.

Recently, in a larger-scale study, Morgan et al. [10]

compared groups (each of 30 individuals) who used ket-

amine frequently (an average of 20 days per month)

with infrequent (3.25 days/month), abstinent users of

ketamine, polydrug users matched for other drug use

except ketamine and people who did not use illicit drugs.

The main findings in terms of psychopathology were

that frequent ketamine users exhibited higher levels of

schizophrenia-like, dissociative and depressive symp-

toms than the other groups. Infrequent ketamine users

also showed evidence of elevated levels of dissociative

and schizophrenia-like symptoms and abstinent users

showed evidence of elevated delusions. In terms of

cognitive function, impairments appeared confined to

those who use the drug heavily. Frequent users showed

impairments in verbal recognition memory, working

memory and planning but not prose recall, response

inhibition or retrieval from semantic memory. No

differences were observed on neuropsychological tests in

‘recreational’ ketamine users or abstinent ketamine

users compared to the polydrug and non-drug-using

groups.

Cross-sectional studies have clear limitations in allow-

ing any causal links to be drawn, as it is always possible

that observed group differences in cognitive function and

psychological wellbeing may have pre-dated drug-use.

We reasoned that one way to address causation is

through the rapid tolerance that develops to ketamine

over time. For example, from the first 2 months of use to

current use, frequent users report a six- to eightfold

increase in dosage and infrequent users a threefold

increase [11]. We hypothesized, first, that this increased

use would result in increasing cognitive impairment and

elevated schizophrenia-like and dissociative symptoms

over time. Secondly, if ketamine-induced effects are

reversible, reduced use of the drug should be reflected in

improved cognitive function and abstinent users of the

drug should show reduced delusional symptoms over

time.

The present study aimed therefore to determine longi-

tudinal changes in neurocognitive function and psycho-

logical wellbeing in groups of frequent, infrequent and

abstinent users of ketamine over a 1-year period. We also

aimed to determine associations between changes in ket-

amine use and changes in cognitive and psychological

wellbeing. Rather than rely on self-reported drug use, we

also used objective hair analytical techniques to deter-

mine drug use at both time-points.

MATERIALS AND METHODS

Participants and design

Participants were recruited initially via our existing drug-

user database at UCL’s Clinical Psychopharmacology

Unit using a ‘snowball’ sampling technique [12] and

were selected to be in one of five groups:

• frequent ketamine users (using the drug more than

four times a week);

• infrequent ketamine users (using the drug less than

four times a week but at least once a month);

• abstinent ketamine users (abstinent for a minimum of

1 month);

• polydrug users who were matched with the current

ketamine-using groups for use of other drugs; and

• non-drug users who did not take illicit recreational

drugs.

Drug users were required to abstain from psychotro-

pic drug use for at least 24 hours prior to testing, to have

no history of head injury, psychiatric illness or organic

brain damage and to have English as their native

language. The Cut-down, Annoyed, Guilt, Eye-opener

(CAGE) screening instrument was used to assess ket-

amine dependence (adapted for ketamine from Brown &

Rounds [13]). The study was approved by the UCL

Graduate School ethics committee and all participants

were paid for their participation.

The 30 participants in each of the five groups were

re-contacted 12 months following their initial participa-

tion in the study. In all, 80% of the study population were

re-assessed successfully: 25 frequent ketamine users, 27

infrequent, 24 abstinent ketamine users, 23 polydrug

and 20 non-drug-users. The mean time between initial

testing and re-testing was 366.6 (�92.11) days. For

those cognitive tests that had two versions [all except for

the Cambridge Neuropsychological Test Automated

Battery (CANTAB) tasks], these were counterbalanced

across baseline and 12-month testing sessions within

each group.
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Procedure

For both testing sessions the procedure remained the

same. At the start of the testing session participants gave

written informed consent, a drug history was taken and

then urine samples were analysed (Medscreen, London,

UK). Hair (3 cm per participant) and urine samples were

collected to verify participants’ reports of drug use and

confirm their inclusion in the respective groups (Tricho-

tech, Cardiff, UK). The participants underwent a semi-

structured interview and these qualitative data on the

phenomenology associated with ketamine use is reported

elsewhere [11]. They then completed the quantitative

assessments of neurocognitive function and psychologi-

cal wellbeing detailed below. The testing battery took

between 1.5 and 2 hours to complete with two

10-minute breaks.

Assessments

Neurocognitive assessments

Tasks from the Cambridge Automated Neuropsychologi-

cal Test Assessment Battery (CANTAB): three tests were

used [14].

1 Pattern Recognition Memory (PRM): this taps visual

recognition memory. Participants were shown a series

of 12 patterns and told to try to remember them. At

the end they were shown the same 12 patterns paired

with previously unpresented patterns were required to

choose the pattern they had seen before. The score is

the total number of correct recognitions.

2 Spatial Working Memory (SWM): participants were

required to search for blue tokens hidden in boxes on

the screen. They were told that once they have found a

blue token in a box, it would not be in that box again

for the rest of that set. Thus they must maintain in

working memory the previous locations of boxes.

Scores are total number of errors and strategy.

3 Stockings of Cambridge (SOC:): based on the Tower of

London, this assesses spatial planning and provides an

index of frontal lobe functioning. Participants were

required to use the balls in the lower display to copy the

pattern in the upper display. The outcome measure

reported here was number of problems solved in the

minimum number of moves.

4 Source Memory Task [15]: this task was chosen as an

index of episodic memory, i.e. awareness of when and

where a stimulus was encoded. Stimuli consisted of 80

low-frequency words which were divided randomly

into two study lists of 40 words. In each study list half

the words were spoken in a female voice and half in a

male voice (allocation was determined randomly). All

study words were presented to participants aurally; par-

ticipants listened to each word, repeated it aloud and

then, depending upon the gender of the voice in which

it is presented, rated the word as either ‘pleasant/

unpleasant’ or ‘abstract/concrete’. After a filled delay of

6 minutes, participants were given a recognition test list

which combined the study list with the unpresented list.

Participants said aloud whether each word was one

that they had heard before and if so, whether it had

been presented in a male or female voice.

5 Prose recall subtest of the Rivermead Behavioural

Memory Test [16]: participants listened to a pre-

recorded passage of prose (similar to a news bulletin on

a radio). They were then asked to recall verbally as

much as they could remember (i) immediately after

presentation and then (ii) after a short delay of

approximately 10 minutes filled with other tasks.

Scoring was standard.

6 Fluency: semantic and phonological tasks were chosen

to tap executive functioning and retrieval from seman-

tic memory. In semantic fluency, participants were pro-

vided with a superordinate category member (fruit or

vegetables) and asked to generate as many members of

that category as possible in 90 seconds. Categories were

matched for frequency of examples [17]. In phonologi-

cal fluency, participants were provided with a single-

letter prompt (M or B) and were required to generate as

many words beginning with that letter in 90 seconds.

Letters were matched for number of occurrences in the

Oxford Mini-Dictionary (OUP, 1984). Number of cat-

egory members and errors were recorded for both tasks.

7 Spot the Word [18]: this test was used as an index of

pre-morbid IQ as scores on this test correlate well with

other measures [e.g. National Adult Reading Test

(NART)].

Psychological wellbeing

1 Short O-LIFE questionnaire [19]: this assesses schizo-

phrenic symptoms in a normal population.

2 Peter’s Delusion Inventor (PDI) [20]: this assesses delu-

sional symptoms in the normal population. Partici-

pants also rate the degree of distress, preoccupation

and conviction they have for each delusion reported.

3 Dissociative Experiences Scale (DES) [21]: this indexes

dissociative symptoms ranging from everyday (e.g. the

experience of riding in a car and not remembering all

the trip) to more pathological (e.g. the experience of

standing outside your body watching yourself).

4 The Beck Depression Inventory (BDI) [22]and Spiel-

berger Trait Anxiety Inventory (STAI) [23] were used

as measures of depression and anxiety.

5 Life Events Scale (LES) [24]: the life events scale is a

self-report measure that taps positive and negative life

events experienced over the previous year, and the per-

ceived stress associated with those events. The 42 items
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were chosen to represent life changes experienced fre-

quently by individuals in the general population and

participants had the option of adding a further four

events if they had not been listed previously.

Statistical analyses

Demographic data were analysed with a series of one-

way analyses of variance (ANOVAs) or Kruskal–Wallis

tests where data were non-parametric and c2 tests where

data were categorical. Drug use data were analysed with

a series of repeated-measures ANOVAs with time (initial,

follow-up) as the within-subjects factor and group as the

between-subjects factor, with varying levels dependent

upon the substance.

To assess the cumulative effects of ketamine over

time, and because there was little change in drug use

in the group, repeated-measures analyses of variance

(RMANOVAs) were conducted with one within-subjects

factors of time (initial testing, follow-up) and one

between-subjects factor of group (frequent, infrequent,

ex, polydrug, non-drug). Post-hoc tests were Bonferroni

comparisons where there were main effect of groups, or a

series of within-subjects paired sampled t-tests (corrected

for multiple comparisons) where there were interactions.

Where clear effects of group emerged, correlations

between amount of ketamine used and change in cogni-

tive function and psychological wellbeing were con-

ducted, significance levels were corrected to P < 0.01 to

reduce the likelihood of Type 1 errors and with outliers

[>3 standard deviations (SD) from the mean] removed.

As alcohol and pre-morbid IQ data differed across

groups, these were correlated with variables where group

differences were found: the only correlation to emerge was

with d′ recognition memory data and pre-morbid IQ;

therefore, we included this as a covariate in the subse-

quent analyses. Covarying for the time since first testing in

days did not affect the outcome of the analyses, therefore

the analyses of covariance (ANCOVAs) are not reported.

RESULTS

Demographics (Table 1)

There were no group differences in age or gender among

the participants retained. There were significant group

differences in years in education (F(4,114) = 3.47,

P = 0.01) and Spot the Word score (F(4,114) = 2.95,

P = 0.023). Post-hoc tests demonstrated fewer years in

education in the frequent ketamine users compared to

the infrequent and ex-ketamine users (P < 0.05), but no

other differences. Post-hoc tests of the Spot the Word data

demonstrated a poorer Spot the Word score in the fre-

quent ketamine users compared to the infrequent

ketamine-using group (P < 0.05), but no other group dif-

ferences.

Ketamine use (Table 2)

There were expected significant main effects of group

in frequency (F(1,50) = 47.81, P < 0.001) and amount

(F(1,51) = 11.61, P = 0.001) of ketamine used, reflecting

greater use in the frequent ketamine-using group. There

were no main effects of time or interactions. Within the

three ketamine-using groups there was a significant dif-

ference in the number of years of regular use (frequent:

6.67 � 6.21; infrequent: 4.69 � 1.99; abstinent users:

6.89 � 2.39 years; c2
(2) = 12.9, P = 0.002), attributable

to fewer years of regular use in the infrequent compared to

ex-users (P < 0.01).There was also a significant difference

in the duration of abstinence at follow-up (frequent:

2.2 � 2.81; infrequent: 11.03 � 9.72; ex 540.54 �

691.19 days; c2
(2) = 55.84, P < 0.001)] reflecting a sig-

nificantly greater number of days since ketamine was

last used in the ex-users compared to both other groups

(P < 0.001). CAGE scores were: frequent users (3.12 �

1.14), infrequent users (1.76 � 1.46) and ex-users

(1.60 � 1.10).

Other drug use (Table 2)

Drug use data for cannabis, 3,4-

methylenedioxymethamphetamine (MDMA: ecstasy)

and cocaine were analysed with a series of 4 ¥ 2

repeated-measures ANOVAs with group (frequent, infre-

quent, abstinent ketamine and polydrug users) ¥ time

(initial, follow-up testing). Alcohol data were analysed by

a 5 ¥ 2 repeated-measures ANOVA, including the non-

drug-using group.

There were no significant main effects or interactions

for frequency or amount of cannabis used. For frequency

of ecstasy use, there was a main effect of group

Table 1 Group means (standard deviation) for demographic data.

Frequent ketamine Infrequent ketamine Ex-ketamine users Polydrug users Non-drug users

Age 25.68 (9.32) 27.5 (6.98) 27.26 (3.84) 31.29 (9.47) 25.05 (6.67)

Years in education 12.2 (4.91) 15.23 (2.67) 15.24 (3.35) 14.38 (2.77) 15.0 (2.75)

Spot the word score 46.25 (3.56) 51.54 (3.92) 50.57 (3.88) 51.125 (4.86) 49.29 (5.67)

Gender (male/female) 15/10 21/5 15/8 17/7 14/7
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Table 2 Numbers of regular users and group means � standard deviation (range) for subjective estimates of drug use across the two time-points.

Frequent Infrequent Ex-ketamine Polydrug control Non-drug control

Initial,

n = 30

Follow-up,

n = 25

Initial,

n = 30

Follow-up,

n = 27

Initial,

n = 30

Follow-up,

n = 23

Initial,

n = 30

Follow up,

n = 24

Initial,

n = 30

Follow-up,

n = 21

Ketamine No. regular users 30 22 30 23 0 3 0 0 0 0

Amount used (no.

grams)

2.77 � 2.42

(2–4)

2.18 � 1.82

(1–3)

1.26 � 1.11

(1–2)

1.11 � 1.06

(1–2)

0.6 � 0.71

(0–1)

0 0 0 0

Current use (days per

month) max = 28

20.08 � 7.41

(17–23)

16.0 � 10.01

(1–28)

3.37 � 2.08

(3–4)

4.70 � 6.48

(2–7)

2.63 � 5.91

(0–8)

0 0 0 0

Days since last used

(whole sample)

2 � 2.60

(1–14)

35.44 � 94.59

(1–340)

11.30 � 9.36

(1–28)

26.46 � 61.82

(1–308)

34.71 � 50.49

(0–140)

0 0 0 0

Cannabis No. regular users 21 17 20 17 18 13 28 16 0 0

Amount used (no. days

an eighth lasts)

4.75 � 7.34

(0.5–9)

5.65 � 7.97

(0–11)

5.58 � 3.35

(2–9)

2.33 � 1.03

(1–3)

7.75 � 5.65

(3–12)

4.74 � 2.58

(2–7)

5.76 � 3.73

(4–8)

6.85 � 5.91

(3–10)

0

Current use (days per

month)

21.86 � 9.36

(16–27)

17.0 � 12.12

(8–26)

27.33 � 1.63

(26–29)

28 � 0 (28–28) 27.43 � 1.51

(26–29)

25.14 � 7.56

(18–32)

26.00 � 3.24

(24–28)

21.38 � 10.56

(15–28)

0 0

Days since last used

(whole sample)

12.24 � 37.80

(1–192)

10.50 � 26.11

(1–112)

14 � 35.97

(1–170)

26.55 � 43.31

(1–168)

9.81 � 15.62

(1–56)

33.28 � 56.69

(0–168)

12.30 � 30.47

(1–145)

33.61 � 65.03

(1–224)

Ecstasy No. regular users 20 14 22 17 11 11 17 9 0 0

Amount used (tablets

per occasion)

2.44 � 2.91

(1–4)

3.35 � 3.21

(2–5)

2.67 � 1.63

(2–3)

2.84 � 1.53

(2–3)

2.45 � 1.45

(2–3)

2.34 � 1.57

(1–3)

3.85 � 2.19

(3–5)

5.68 � 14.52

(0–14)

0 0

Current use (days per

month)

0.83 � 0.97

(0.4–1.2)

0.86 � 0.79

(0.5–1)

1.72 � 1.76

(1–2)

1.26 � 1.29

(1–2)

0.87 � 0.89

(0–1)

1.18 � 1.34

(0.5–2)

1.91 � 1.04

(1–3)

1.38 � 1.37

(0.5–2)

0 0

Days since last used

(whole–sample)

27.91 � 24.46

(2–84)

36.10 � 41.44

(4–168)

26.30 � 29.28

(1–116)

47.38 � 68.33

(2–280)

42.13 � 39.33

(1–118)

54.88 � 68.04

(2–244)

11.31 � 10

(1–42)

25.56 � 25.19

(0–84)

Cocaine No. regular users 20 13 19 15 20 12 20 8 0 2

Amount used (grams

per occasion)

0.55 � 0.49

(0.35–0.75)

0.55 � 0.41

(0.3–1)

0.56 � 0.39

(0.39–0.072)

0.44 � 0.35

(0.3–1)

0.74 � 0.60

(0.41–1.09)

0.81 � 0.49

(0.5–1)

0.66 � 0.46

(0.43–0.89)

0.62 � 0.55

(0.3–1)

0 0.33 � 0.58

(0–2)

Current use (days per

month)

2.25 � 3.16

(1–4)

1.32 � 1.35

(0–2)

2.21 � 5.71

(0–5)

0.85 � 1.05

(0.4–1)

1.73 � 1.88

(1–3)

1.60 � 1.51

(1–2)

4.22 � 6.61

(1–7.5)

0.87 � 0.82

(0.4–1)

0 0.67 � 1.15

(0–4)

Days since last used

(whole sample)

21.59 � 36.37

(1–183)

26.84 � 23.76

(1–84)

30.08 � 33.18

(1–116)

45.04 � 57.98

(1–196)

31.26 � 44.39

(1–185)

50.76 � 68.56

(1–244)

28.05 � 36.66

(1–112)

36.38 � 63.17

(0–196)

Alcohol No. regular users 23 17 25 24 22 17 25 17 27 15

Amount used (units per

occasion)

11.96 � 9.04

(8–16)

7.71 � 4.47

(6–10)

8.64 � 5.97

(6–11)

8.12 � 4.99

(6–10)

9.34 � 6.42

(6–12)

8.35 � 6.03

(6–11)

11.62 � 5.03

(9–14)

9.74 � 6.70

(7–13)

10.50 � 5.30

(8–13)

7.40 � 4.65

(5–10)

Current use (days per

month)

13.81 � 10.47

(9–18)

11.50 � 10.71

(7–16)

9.57 � 7.01

(7–12)

15.08 � 8.59

(11–19)

13.16 � 10.33

(9–18)

9.16 � 6.97

(6–13)

13.14 � 7.62

(10–17)

9.61 � 8.66

(5–14)

10.40 � 4.81

(8–13)

8.03 � 6.58

(5–11)

Days since last used

(whole sample)

5.17 � 16.27

(1–90)

4.12 � 4.55

(1–14)

8.13 � 23

(1–116)

1.84 � 1.70

(1–7)

4.19 � 5.96

(1–21)

14.10 � 48.35

(1–224)

2.88 � 4.42

(1–20)

3.71 � 5.51

(1–21)

4.62 � 4.55

(1–21)

3.90 � 3.99

(1–14)

‘Regular’ use is defined as a minimum of once per month, but once per week for alcohol.
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(F(3, 61) = 3.12, P = 0.033), but post-hoc tests revealed no

further group differences. There were no significant

effects of time or group on the number of ecstasy tablets

taken per session. For the frequency of use of cocaine,

there was a main effect of time (F(1,64) = 8.53, P = 0.005)

attributable to a reduction in cocaine use across all the

drug-using groups over the year of the study. There was a

also a main effect of time on the amount of cocaine used

(F(1,64) = 8.79, P = 0.004), again attributable to lower

amounts of cocaine used in all groups over the course of

the study.

Analysis of the frequency of alcohol use revealed a

highly significant group ¥ time interaction (F(4,97) = 6.21,

P < 0.001) and a trend for a main effect of time

(F(1,97) = 2.84, P = 0.095). Further analysis of the inter-

action with Bonferroni-corrected paired-samples t-tests

revealed a significant increase in alcohol use among the

infrequent ketamine users (P < 0.001) and a trend for a

reduction in alcohol use in the abstinent ketamine users

(P = 0.023).

Hair analysis

Hair analysis was used to confirm group membership.

Ketamine levels in the three groups at baseline were:

frequent users: 295.90 � 635.27; infrequent users:

21.82 � 46.27; abstinent ketamine 4.92 � 16.32 ng/

mg. Ketamine levels at follow-up were: frequent users

241.50 � 550.72; infrequent users: 48.43 � 104.56;

abstinent users 14.89 � 63.17; polydrug controls

1.63 � 6.34 ng/mg.

Cognitive assessments (Table 3)

Spatial Working Memory task

Total number of errors. A 2 ¥ 5 repeated-measures

ANOVA of the data for total number of errors yielded a

main effect of group (F(4,108) = 4.16, P = 0.04). Bonfer-

roni post-hoc tests demonstrated significant differences

between the frequent ketamine-using group who made

more errors than all other groups (P < 0.05), but no

other differences between the groups.

Strategy. The 2 ¥ 5 repeated-measures ANOVA for the

strategy score revealed a significant time ¥ group interac-

tion (F(4,108) = 2.59, P = 0.041), but no main effects. Post-

hoc paired-samples t-tests revealed significantly lower

strategy scores (i.e. better strategy) at follow-up in the

frequent ketamine users (P = 0.003), but no other differ-

ences between the groups.

Stockings of Cambridge task

The 2 ¥ 5 repeated-measures ANOVA on the problems

solved in the minimum number of moves data demon-

strated a significant main effect of time (F(1,108) = 9.73,

P = 0.002). There were also trends for both a main effect

of group (F(4,108) = 2.30, P = 0.064) and a time ¥ group

interaction (F(4,108) = 2.14, P = 0.081). The trend for the

interaction of time ¥ group reflected better performance

in the frequent ketamine users at 1-year follow-up than

initial assessment (P = 0.003), but no changes across

time for any other group.

Pattern recognition memory

A 2 ¥ 5 repeated-measures ANOVA revealed a main effect

of group for percentage correct on the pattern recogni-

tion memory task (F(1,108) = 4.429, P = 0.002). This

reflected poorer scores in the frequent ketamine users

compared to the infrequent and ex-ketamine users

(P < 0.01) and a trend for better scores in the abstinent

ketamine users also compared poly-drug and non-drug-

using groups (P < 0.05).

Prose recall

A 2 ¥ 2 ¥ 5 repeated-measures ANOVA, with the addi-

tional within-subjects factor of recall time (immediate,

delayed) found a time ¥ delay interaction (F(1,113) = 6.37,

P = 0.013) and main effects of time (F(1,113) = 6.26,

P = 0.014) and delay (F(1,113) = 124.34, P < 0.001). All

participants recalled less following a delay, but this effect

was more pronounced at follow-up than initial testing

(P < 0.05).

Source memory task

Recognition

A 2 ¥ 5 repeated-measures ANCOVA of the d′ (index of

discriminability), covarying for pre-morbid intelligence

quotient (IQ) revealed a main effect of time (F(1,108) =

14.14, P < 0.001) and a trend for a main effect of group

(F(4,108) = 2.42, P = 0.055). Poorer performance of all

groups at follow-up was responsible for the main effect of

time and the main effect of group reflected poorer perfor-

mance in the frequent users compared to abstinent ket-

amine users (P = 0.002) and polydrug users (P = 0.003)

and a trend when frequent users were compared to non-

drug-users (P = 0.090). A similar analysis of the scores

on C (bias) revealed a main effect of time (F(1, 108) = 28.74,

P < 0.001) as a result of greater bias in all groups at

follow-up.

Source memory

Analysis of the proportion correct on the source memory

task found a main effect of time (F(1,113) = 67.48,

P < 0.001). All groups had a greater proportion correct

at follow-up.
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Table 3 Group means (standard deviation) on cognitive assessments.

Frequent Infrequent Ex-ketamine Polydrug control Non-drug control

Initial Follow-up Initial Follow-up Initial Follow-up Initial Follow-up Initial Follow-up

Spatial working memory,

total–errors

29.58 � 19.93 19.92 � 17.56 12.04 � 9.15 13.04 � 10.96 11.48 � 12.66 12.48 � 9.58 17.42 � 17.35 15.5 � 13.31 18.32 � 19.40 15.89 � 16.30

Spatial working memory,

strategy

31.63 � 5.31 27.33 � 6.33 25.88 � 5.63 26.24 � 6.60 27.71 � 4.63 27.86 � 5.70 29.00 � 5.74 30.25 � 5.98 27.89 � 7.10 27.37 � 7.85

Stockings of Cambridge 7.67 � 1.74 9.50 � 1.89 9.42 � 1.53 9.63 � 1.79 8.95 � 1.50 9.33 � 1.56 9.48 � 1.62 9.87 � 1.87 9.00 � 2.00 9.47 � 1.92

Pattern recognition, %

correct

83.68 � 10.27 89.04 � 7.24 91.84 � 8.47 90.92 � 9.89 95.63 � 5.01 93.38 � 7.14 90.53 � 8.15 88.41 � 9.69 90.79 � 8.28 89.58 � 10.35

D prime recognition

memory

2.28 � 0.80 2.02 � 0.85 2.68 � 0.71 2.42 � 0.85 3.00 � 0.67 2.76 � 0.55 2.96 � 0.78 2.82 � 0.66 2.62 � 0.84 2.67 � 0.87

C, bias in recognition

memory

0.45 � 0.35 0.54 � 0.32 0.30 � 0.32 0.60 � 0.32 0.41 � 0.31 0.58 � 0.29 0.32 � 0.27 0.59 � 0.25 0.36 � 0.30 0.56 � 0.32

Proportion of source

memory errors

0.85 � 0.11 0.71 � 0.17 0.88 � 0.12 0.79 � 0.11 0.89 � 0.11 0.78 � 0.12 0.87 � 0.13 0.74 � 0.19 0.89 � 0.10 0.68 � 0.16

Verbal fluency 16.38 � 4.89 13.48 � 4.08 15.21 � 3.22 17.25 � 4.14 17.36 � 5.71 15.12 � 4.38 17.33 � 4.00 15.25 � 5.79 16.32 � 4.10 14.53 � 5.24

Category fluency 17.14 � 4.67 15.57 � 4.47 15.58 � 4.35 18.75 � 4.26 16.92 � 3.54 17.36 � 0.98 16.46 � 3.56 15.83 � 3.36 15.32 � 4.12 15.53 � 5.82

Prose recall immediate 8.12 � 2.30 6.60 � 2.46 8.56 � 2.59 8.42 � 3.05 8.38 � 3.32 7.38 � 3.4 8.10 � 2.57 8.42 � 3.12 8.58 � 2.91 7.53 � 3.32

Prose recall delayed 7.48 � 2.36 5.84 � 2.37 7.72 � 2.73 7.42 � 2.81 7.75 � 3.19 5.81 � 2.83 7.02 � 2.58 6.90 � 3.01 7.98 � 3.07 6.4 � 3.80

D prime was calculated as d′ = [z(Ht′) - z(Fa′)]

The criterion C was calculated as C = [z(Ht′) + (z(Fa′)]/2) where Ht = Hit and Fa = False Alarms.
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Fluency

Verbal fluency

A 2 ¥ 5 repeated-measures ANOVA found a significant

time ¥ group interaction (F(4,108) = 2.84, P = 0.027) and

a main effect of time (F(1,108) = 6.83, P = 0.01). This

reflected poorer performance at follow-up in the frequent

ketamine users (P = 0.046) and the abstinent ketamine

users (P = 0.023).

Category fluency

The repeated-measures ANOVA analysis for category

fluency data demonstrated a trend for a time ¥ group

interaction (F(4,108) = 2.16, P = 0.078). This reflected

improved performance in the infrequent ketamine users

at follow-up (P = 0.022).

Psychological wellbeing (Table 4)

O-LIFE

The 2 ¥ 5 repeated-measures ANOVA for total scores on

the O-LIFE yielded a significant time ¥ group interaction

(F(4,105) = 5.60, P < 0.001) and significant main effects

of both time (F(1,105) = 102.34, P < 0.001) and group

(F(4,105) = 2.63, P = 0.038). This reflected a significant

decrease in O-LIFE scores over time in all groups (infre-

quent, polydrug, non-drug all P < 0.001; abstinent ket-

amine P = 0.014), except the frequent ketamine users

whose scores did not change over the year.

PDI (Fig. 1)

A 2 ¥ 5 repeated-measures ANOVA demonstrated a main

effect of group (F(4,108) = 4.16, P = 0.04). This reflected

significantly greater scores in the frequent (P < 0.001),

infrequent (P = 0.009) and ex (P = 0.016) ketamine

users compared to the non-drug controls. There was also

a significant difference between frequent ketamine users

and polydrug users (P = 0.002).

BDI

The analysis of depression scores found a significant

group ¥ time interaction (F(4,110) = 2.97, P = 0.022). Post-

hoc paired-samples t-tests demonstrated that the interac-

tion was attributable to an increase in depression at

follow-up both in the frequent ketamine users (P = 0.041)

and the abstinent ketamine users (P = 0.013).

STAI

The 2 ¥ 5 repeated-measures ANOVA demonstrated a

significant main effect of time (F(1,107) = 4.10 P = 0.045) T
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attributable to lower anxiety at follow-up than the first

time of testing.

DES

A significant main effect of group (F(4,106) = 4.69, P =

0.002) emerged for the DES scores.This was due to greater

dissociation scores in frequent users compared to the poly-

drug (P = 0.015) and non-drug (P = 0.009) groups.

LES

There were no differences in positive life experiences. For

negative life experiences over the past 12 months there

was a significant main effect of group (F(4,104) = 4.30,

P = 0.003), which reflected more negatively rated life

events in the frequent ketamine users compared to infre-

quent ketamine (P = 0.016), polydrug (P = 0.013) and

non-drug (P = 0.006) users.

Correlations between change in amount of ketamine use and

other measures in frequent users (Fig. 2)

In the current ketamine-using groups, the change in

amount of ketamine used (self-reported) over the year

correlated (i) positively with change in number of errors

on the spatial working memory task (r = 0.623,

P = 0.004) and (ii) negatively with change in percentage

correct for the pattern recognition memory task

(r = -0.732, P < 0.001). No correlations emerged with

frequency of cannabis use and cocaine use and key cog-

nitive variables or measures of psychological wellbeing.

DISCUSSION

This is the first large-scale longitudinal study to investi-

gate the effects of ketamine use on cognition and psy-

chological wellbeing. We achieved a good retention rate

(80%) in the study and the groups were broadly

matched across relevant drug use and demographic

variables.

Main findings

The cognitive deficits that emerged were confined

mainly to those who used ketamine frequently. We

found evidence of persisting decrements in frequent

ketamine users compared to other groups in spatial

working memory and pattern recognition memory and

a trend for poorer performance in verbal recognition

memory. For the two measures where there was signifi-

cantly poorer performance in the frequent ketamine

users, correlations emerged between change in ket-

amine use over the year and their performance on these

tasks: increasing ketamine use in both cases correlated

with poorer performance. Among frequent ketamine

users compared to initial testing, they showed improved

use of strategy on the spatial working memory task and

better performance on the Stockings of Cambridge task.

There was a decline over the same time-period in both

the frequent and ex-ketamine users’ performance on a

verbal fluency task.

On measures of psychological wellbeing there was

evidence of a dose–response effect on delusional symp-

tomatology, with frequent users scoring highest followed

by infrequent ketamine and abstinent users. Frequent

users showed evidence of greater dissociative symp-

tomatology than the non-drug group. Schizotypal

symptom scores appeared to decrease in all groups

across the year, with the exception of the frequent users,

and there was evidence of an increase in depressive

symptoms in both the frequent and abstinent ketamine

users.
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Changing drug use over time

Contrary to our hypotheses, ketamine use in the two

current ketamine-using groups did not escalate over the

duration of the study in their subjective ratings. This is

despite previous research demonstrating rapidly increas-

ing use of the drug in these groups in the first 6 months of

use and tachyphylaxis or developing tolerance rapidly in

anaesthesia with ketamine [25]. This may be that

because use had already stabilized in these individuals,

tachyphylaxis may occur during the initiation of use.

This said, however, some individuals did show marked

increases in ketamine use and some decreases but not

enough to facilitate statistically meaningful subgroup

analyses. However, analyses did demonstrate that con-

centrations of ketamine in hair had doubled in recre-

ational users at follow-up. Groups were well matched on

other drug use, which remained relatively stable over

time, with the exception of cocaine use which decreased

across the year in all drug-using groups.

Cognitive function

There were clear correlations between change in ket-

amine use and change in performance on the spatial

working memory and pattern recognition subtests of the

CANTAB battery. An increase in ketamine use over the

year was associated with a reduction in the percentage

correct on the pattern recognition memory task and a

greater number of errors on the spatial working memory

task. Interestingly, the same task did not show an impair-

ment in healthy volunteers following an acute dose of
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ketamine [26]. This therefore appears to be a purely

chronic effect and is reminiscent of similar impairments

in chronic alcoholics [27]. Overall, the frequent ketamine

users performed much more poorly than any other group

on these measures, with a trend for poorer verbal

recognition memory. That ketamine should have such

profound effects on recognition memory is perhaps

unsurprising, given the contribution of the NMDA-

receptor to human memory encoding and consolidation

[28]. In a small group of low-frequency ketamine users,

Narendran et al. [29] found no evidence of cognitive

impairment but altered dopaminergic functioning in the

dorsolateral prefrontal cortex (DLPFC)—a key area

involved in working memory. We also noted a suggestion

of a progressive decline over the year in performance on a

verbal fluency task in both frequent and abstinent ket-

amine users. This could again be related possibly to

DLPFC functioning, but in the absence of any correlation

with actual ketamine use it is as yet unclear whether it

may be mediated by other factors such as the increase in

depression in these two groups.

Improvements were observed in the frequent users’

performance on the Stockings of Cambridge task and the

strategy that they used in the spatial working memory

task. These may partly reflect practice effects, as these

tasks have only one version. Further, as frequent ketamine

users performed particularly poorly on these tasks at base-

line testing, they had more potential than the other groups

to show improvement over the two testing sessions.

Psychological wellbeing

In accord with the suggestion that chronic ketamine

administration may model aspects of psychosis [30], fre-

quent and, to a lesser degree, infrequent and abstinent

ketamine users showed evidence of mild delusional ide-

ation. This replicates the findings of some previous

studies [e.g. 10,31] and appears to be a relatively robust

effect of repeated ketamine self-administration. It is also

the only ‘dose–response’ effect to emerge from this study,

suggesting a clear link with ketamine use per se. In infre-

quent ketamine users, these mild delusions occurred in

the absence of cognitive deficits. Their neurochemical

aetiology is unclear, but repeated ketamine use may

induce changes in dopaminergic as well as glutamatergic

function. It is also possible that while participants were

asked explicitly to rate their day-to-day experiences when

not under the influence of ketamine, their delusion for-

mation occurs while on the drug [32] and then crystal-

lizes and impinges onto their sober state. Interestingly,

schizotypy scores decreased markedly following repeated

testing in all groups except the frequent ketamine users.

This may be a function of increased age, decreased

cocaine use and/or a problem with repeated administra-

tion of the same measure over 12 months. That schizo-

typy scores remained constant in the frequent users

supports the notion that repeated heavy ketamine use

may induce some psychotic-like symptoms. Furthermore,

frequent ketamine users showed evidence of increased

dissociative states in everyday life which are also observed

in psychotic disorders [33].

Frequent and ex-ketamine users both showed

increased scores over the year on the BDI. Ketamine has

been reported to be effective in alleviating depressive

symptoms for up to a week following a single dose in

treatment-resistant patients [34], so its effects on non-

medical users of the drug are intriguing; the mechanism

of the acute antidepressant and chronic depressant

effects may be linked. Increased depression in frequent

users could also reflect their increased dependency on

ketamine, as depression is also commonly comorbid in

opiate- and alcohol-dependent populations [35,36]. The

frequent ketamine users had experienced more negative

life events over the 12 months than other groups, due

probably to their more chaotic life-styles, which may also

feed into their depressive symptoms. Why abstinent ket-

amine users were more depressed is less clear, but may

possibly reflect a change in life-style, as recreational drug

use has been found in one previous prospective study to

be associated with decreased depression [37].

Reversibility of impairments

Contrary to our original hypotheses, with the exception

of a progressive decline in verbal fluency and increase in

depressive symptoms, we found no evidence of improve-

ments in cognitive function in abstinent users alongside

their increasing abstinence from ketamine. At the same

time, the abstinent ketamine users showed no cognitive

deficits compared to non- or polydrug-using groups at

either baseline or follow-up. The most plausible explana-

tion is that this group had already recovered from any

deficits. This population was the hardest to recruit and

some individuals had been abstinent from ketamine for

some time. Therefore, although impairments in ketamine

users may be cumulative, perhaps they recover within a

relatively short period following abstention, although

these data cannot really speak to this issue. Future work

should use prospective studies that follow the natural

history of ketamine users into abstinence to address this

question.

Methodological considerations

Methodological considerations common to all recre-

ational drugs research apply to this study; for example,

problems stemming from polydrug use and pre-existing

group differences (see [38]). Some clear strengths of this

study were our use of objective measures of drug use
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(hair and urine) and a longitudinal design which cir-

cumvented some issues associated with cross-sectional

studies. In hindsight, however, it may be that re-testing

individuals after a year was not long enough to observe

either progressive deficits or recovery of cognitive func-

tion. Few participants had changed their drug use pat-

terns significantly over this time. Related to this point,

while 150 volunteers was a relatively large study, espe-

cially in the field of recreational drugs research, it was

not large enough to allow for much movement between

groups or subgroup analyses. We were also unable to

verify 24-hour abstinence with biological samples due to

the duration at which ketamine stays in urine (between

1 and 2 days); however, along with the participants’

self-report, the experimenters have extensive experience

with testing this population, both intoxicated and unin-

toxicated, and reported that none appeared intoxicated

at time of testing. Although we attempted to match our

samples as closely as possible, there were demographic

differences between the ketamine-using groups in years

in education and pre-morbid IQ. Inevitably, daily users of

ketamine who have used the drug for a number of years

may represent a different population to those individuals

who choose to use the drug once a month, reflecting

either the causes or consequences of their heavy drug

use.

The profile of a ketamine user

The psychological profile of a frequent ketamine user that

has emerged from this research is of an individual with

marked, profound cognitive impairments in short- and

long-term memory, and someone who is mildly ‘delu-

sional’ and distinctly dissociated in their day-to-day exist-

ence. Coupled with the marked dependency on ketamine

observed in this group [39] and depressive symptoms that

may be a consequence of the drug, we can conclude that

repeated, heavy ketamine use is harmful to an individu-

al’s wellbeing in a variety of domains. Related to the

harmful nature of ketamine, we feel it necessary to note

that two of the volunteers in the frequent ketamine-using

group were lost to follow-up due to their deaths during

the year in ketamine-related accidents. In high doses

the drug makes the user completely unresponsive to the

world around them and renders them very vulnerable to

physical dangers, such as drowning or crossing busy

roads without checking for traffic. This clear danger of

acute ketamine use should be emphasized to young

people. On the other hand, infrequent or recreational

ketamine use appears to be associated with no apparent

cognitive impairments and only very mild delusional

symptoms. Although our abstinent ketamine users did

not use the drug as heavily as the frequent using group in

this study, some had taken the drug daily and yet seemed

to show no evidence of residual impairments following

cessation of use of ketamine.

Despite the dramatic increase in ketamine use over the

past decade, young people who use this drug are still

largely unaware of its damaging properties and its poten-

tial for dependency. Health education campaigns and

workers should target ketamine users to ensure that

people are informed of the negative consequences of

heavy ketamine use. Clinicians should also be aware of

the adverse consequences of heavy use of ketamine, the

symptoms of which may overlap with some forms of psy-

chiatric disorders.
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