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Abstract

Rationale Despite years of research and much controversy
surrounding the effects of ecstasy use, findings are
equivocal. Attempting to reduce methodological problems,
such as concurrent use of other recreational drugs, could
lead to a clearer picture of the effects of ecstasy use on
cognitive function.

Objectives The aim of this study is to investigate the effects
of both prolonged abstention from ecstasy use and current
use on cognitive function while controlling for the regular
use of other recreational drugs used by ecstasy users
(alcohol, cannabis, cocaine, amphetamines and lysergic
acid diethylamide).

Materials and methods A range of cognitive functions
(including working memory, episodic memory, verbal
learning and executive functions) was assessed in 109
participants: 25 current ecstasy users, 28 ex-ecstasy users
(abstinent for at least 1 year), 29 polydrug-using controls
(matched to both ecstasy-using groups for the use of other
recreational drugs) and 27 drug-naive controls.

Results There was an overall tendency for impaired verbal
learning and memory in both current ecstasy users and
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polydrug controls. There was also evidence of reduced
response inhibition in the current ecstasy users and
polydrug controls, which appeared to be related to recency
of drug use. However, the majority of tests showed no
group differences.

Conclusions The results suggest that recreational drug use
in general, rather than ecstasy use per se, can lead to subtle
cognitive impairments and that recent drug use appears to
impact strongest on cognitive performance. This study
highlights the importance of controlling for the use of all
recreational drugs and, in particular, recent drug use when
investigating ‘effects of ecstasy’ on cognitive function.

Keywords Ecstasy- MDMA - Cognitive function -
Polysubstance use - Recreational drug use

Introduction

+3,4-Methylenedioxymethamphetamine (MDMA) is a ring-
substituted amphetamine derivative whose structure is
similar to both amphetamine and the hallucinogen mesca-
line. MDMA is the main psychoactive compound in
‘ecstasy’ tablets that are used recreationally at dance clubs
and raves for their acute effects, which include increased
energy, euphoria and, uniquely, empathy. The continued
widespread use of ecstasy has become a public health issue
due to concerns about possible long-term effects in humans
(e.g. EMCDDA 2005).

Preclinical research has consistently found evidence of
serotonergic alterations after MDMA administration (see
Green et al. 2003, for review). Evidence that 5-hydroxy-
tryptamine (5-HT) may be involved in modulating aspects
of cognitive function (e.g. Riedel et al. 1999) has stimulated
research into the cognitive effects of MDMA in ecstasy
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users. Although a wide range of impairments has been
reported across numerous studies, findings remain equivo-
cal. Among the more consistent results appear to be slight
impairments on tasks tapping episodic memory and verbal
learning (e.g. Bhattachary and Powell 2001; Morgan et al.
2002; Hanson and Luciana 2004), although subtle deficits
have less frequently been reported on tests tapping
executive functions (e.g. Verkes et al. 2001; Wareing et al.
2004; Fisk et al. 2005). Conflicting findings often reflect
methodological problems inherent in the cross-sectional
designs used to compare ecstasy users with ‘controls’,
including premorbid differences, polydrug use among
ecstasy users and lifestyle differences. Failure to match
for the use of other recreational drugs could be particularly
important given recent evidence that cannabis contributes to
cognitive impairments observed in ecstasy users (e.g. Croft
et al. 2001; Dafters et al. 2004). Importantly, however,
many of the more recent studies only match groups for
cannabis use and thus implicitly ignore the potential
cognitive influences of the wide range of other recreational
drugs [e.g. alcohol, amphetamines, cocaine and lysergic
acid diethylamide (LSD)] that ecstasy users take.

Given the long-lasting serotonergic depletion found in
monkeys (Hatzidimitriou et al. 1999), several studies have
looked at long-term effects of ecstasy use in humans by
testing abstinent users. Many of these studies report
continuing impairments in ecstasy users after cessation but
have minimum abstinence times of less than 1 year,
suggesting that evidence of recovery, if it occurs, may not
be apparent until after this length of time. In an interesting
study, Gouzoulis-Mayfrank et al. (2005) retested 38
participants from a group of 60 ecstasy users originally
tested 18 months previously. Of these, 21 reported
abstinence or very sporadic use (1-5 ecstasy tablets)
between the two test sessions, while the remaining 17
continued use. While they found no evidence of improved
cognitive performance in the abstinent participants, they
also found no evidence of deterioration in those who
continued ecstasy use. However, it is important to note that
the control group from the original study were not retested,
making comparison difficult. In addition, a sampling bias
may have contaminated the results as many of the
participants who could not be retested were part of the
‘heavy user’ group at the original test session.

A recent UK study by Roiser et al. (2007) investigated
cognitive function in 30 current and 20 ex-ecstasy users
(abstinent for at least 1 year) compared with 30 polydrug
controls (well matched for the use of other recreational
drugs) and 30 drug-naive controls. Interestingly, no
significant differences were found between the three drug-
using groups on performance on a variety of tests assessing
working memory and decision-making. Perhaps more
surprisingly, very few differences were observed between

the drug-using groups and the drug-naive controls, with
only two subtests revealing group differences: ex-users
were impaired compared to drug-naive controls on one
subtest assessing spatial ability (copying a pattern); and
current users were quicker to perform mental rotations than
controls. On the other hand, Yip and Lee (2005) investi-
gated ecstasy users in Hong Kong and found deficits in
current users compared to controls on almost all cognitive
tests used, although reported ecstasy use was very low in
comparison to the majority of other studies (a total of 16—
60 tablets taken over 2-3 months), and almost no use of
other recreational drugs was reported by participants. These
results demonstrate the equivocal nature of the findings
relating to cognitive performance in ecstasy users.

The present study was designed to investigate a broad
range of cognitive functions in current ecstasy users and in
ex-users abstinent for at least 1 year. A particular aim was
to eliminate confounding variables in cross-sectional
designs by recruiting a polydrug control group that was
matched to both the ecstasy-using groups in use of all other
recreational drugs. In addition, a drug-naive control group
matched with all other groups in terms of age, premorbid
IQ, level of education, employment status and self-rated
depression and anxiety was also assessed.

Materials and methods
Design and participants

Volunteers were screened and recruited into four groups to
be compared in an independent group design: 25 current
ecstasy users who take the drug at least once a month and
have taken it on at least 25 occasions; 28 ex-ecstasy users
who used to take the drug on a regular basis (on at least 25
occasions) but who had not taken it for at least 1 year; 29
polydrug users who had used a range of other recreational
drugs (including cannabis, cocaine and amphetamines) but
who had never taken ecstasy; and 27 drug-naive controls
who had no history of recreational drug use (apart from
alcohol).

Participants were recruited through magazine advertise-
ment and word of mouth. All gave written, informed
consent. The study was approved by the institutional ethics
committee. Inclusion criteria for all groups were that the
participants were aged 25-50, not taking prescribed
psychotropic medication or receiving psychological treat-
ment, no current or history of drug addiction, not being
depressed on the Structured Clinical Interview for DSM-IV
(SCID), have a score of <18 on the Beck Depression
Inventory (BDI; Beck 1978), have a score of <55 on the
Spielberger Trait Anxiety Scale (STAI; Speilberger et al.
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1970), no serious head injury in the past, not having drank
more than three units of alcohol in the 24 h before testing
and no use of recreational drugs for at least 3 days before
testing. In addition, because of a linked Positron Emission
Tomography (PET) study, all participants were male.

Procedure

The test session took approximately 1.5 h to complete.
Most participants in three of the four groups (ex-users,
polydrug and drug-naive) were also scanned in a separate
session for a PET study and provided hair samples for drug
analysis (to be reported elsewhere). To assess recent drug
use, all participants gave a urine sample before testing.

Cognitive assessments

Immediate and delayed prose recall A taped passage of
prose was played (Rivermead Behavioural Memory Tests;
Wilson et al. 1985), which participants were required to
recall immediately after presentation and 30 min later.

The Buschke Selective Reminding task The Buschke Selec-
tive Reminding task (BSRT) was used to provide indices of
verbal learning and forgetting over trials (Buschke and Fuld
1974). A list of 16 words was read aloud at a rate of 1/s,
and the participant was required to repeat the list back to
the experimenter. After being reminded only of the words
they failed to recall, they attempted to recall the entire list
again. This continued for three trials. After a 30-min delay,
the participant is asked to recall the list again.

Go/No-go task This task tapped response inhibition. The
task consisted of two blocks: a practice block of 30 stimuli
and one block of 100 stimuli. Stimuli were eight characters
of the alphabet. For the practice block, participants were
instructed to respond, by pressing a designated key on the
computer keyboard as quickly as possible, to each letter on
the screen. Each letter appeared for 500 ms followed by an
interstimulus interval (IST) of 500 ms. In the main test block
participants were instructed to respond by the same
designated key press to all but two of the eight letters.
These two letters constituted the ‘No-go’ trials. The
proportion of ‘Go’ stimuli was 75% and of ‘No-go’ stimuli
was 25%. Scores were recorded in terms of hits, false
alarms (response inhibition errors) and reaction times.

Rapid visual information processing Rapid visual infor-
mation processing (RVIP) was used to evaluate sustained
attention and working memory (Wesnes and Warburton
1983). Single digits were presented on a computer screen
at a rate of 100 digits per minute for 10 min. Participants
were required to respond alternatively minute by minute to

either three consecutive even numbers or three consecu-
tive odd numbers. Eight target strings were presented per
minute.

The Serial Sevens task This was used to tap working
memory. A four-digit number was given to the participant,
who was asked to subtract 7 from this number and continue
to count backwards in sevens for 90 s. Number of correct
subtractions and errors were recorded.

Semantic and phonemic verbal fluency Participants gener-
ated as many words as they could in 60 s beginning with
the same letter (phonetic) or from the same category
(semantic).

The Trail Making Test The Trail Making Test (TMT), a
measure of scanning, visuomotor tracking, divided attention
and cognitive flexibility was administered in the standard
format (Reitan 1959). The time to complete trial A is
subtracted from the time of trial B to remove the motor
speed element and give a measure related to executive
function.

CANTAB spatial working memory The CANTAB spatial
working memory (SWM) is an assessment of the ability to
retain and manipulate spatial information, a computer task
administered in the standard way (Owen et al. 1990).

CANTAB Stockings of Cambridge The CANTAB Stockings
of Cambridge (SOC) is a measure of planning and
executive function, a computer task administered in the
standard way (Owen et al. 1995).

Gibson's spiral maze This is a test of psychomotor
performance requiring hand—eye coordination (Gibson
1977). Participants are told to draw round a maze on a
piece of paper as quickly as possible without touching the
sides. Time taken to complete the maze and errors (number
of times the sides were touched) were recorded.

Mood assessments

Impulsivity was assessed using the Barratt Impulsiveness
Scale (BS; Barratt and Patton 1983), and aggression was
indexed using the Aggression Questionnaire (AQ; Buss
and Perry 1992). At the end of the session, participants
were given a short refreshment break and then completed
an aggressive interpretative bias task (Hoshi et al. in
press).

A semistructured interview was used to record partic-
ipants’ drug and alcohol use, and level of education and
employment status was noted.
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Statistical analysis

Statistical analyses were performed with Statistical Package
for the Social Sciences (SPSS) version 11. The majority of
group differences were tested for significance with one-way
analyses of variance (ANOVA). The prose recall task was
analysed using repeated measure ANOVA with group as the
between-subjects variable and time (immediate or delayed)
as the within-subjects variable. Learning across trials in the
Buschke Selective Reminding task was also analysed using
a repeated measures ANOVA with group as the between-
subjects variable and trial (1-3) as the within-subjects
variable. Where data violated the assumptions of normality,
Kruskal-Wallis tests were used. Post hoc comparisons were
Bonferroni corrected, or in the case of variables compared
using Kruskal-Wallis tests, individual Mann—Whitney U
comparisons were carried out (« level Bonferroni corrected
for multiple comparisons). Due to group differences in total
BS score and the time since cannabis, cocaine and
amphetamines had been used, these variables were included
as covariates, and any significant changes this produced in
results are reported. Chi-squared tests were used to compare
level of education and employment status, as well as the
number of people reporting having ever tried and those
currently regularly using recreational drugs.

Results
Demographics

There were no significant differences between the groups in
age, premorbid IQ (Spot the Word), self-rated aggression
(AQ), depression (BDI) or anxiety (STAIL, Table 1). A
significant group difference was observed on self-rated
impulsivity (BS total score) [F(5,103)=3.71, p=0.014). Post
hoc tests revealed that the current users rated themselves as
more impulsive than drug-naive controls (p=0.007). All
groups had reached a similar level of education and had a
similar distribution across types of employment status.

Drug and alcohol use

No differences were observed between the groups in terms
of the time since alcohol was last used, years of regular use

and lifetime occasions of use (Table 2). However, groups
differed on age of first use [F(5,197)=5.61, p=0.001] with
current users (p=0.001) and polydrug controls (p=0.023)
starting to drink at a younger age than controls, while there
was a trend toward ex-users starting drinking younger than
controls (p=0.06). Units of alcohol consumed in a typical
session also differed across groups [F(5107)=8.94, p<
0.001], with current users (p<0.001) and polydrug controls
(»<0.001) drinking more units than control participants.
Due to the significant group differences in units consumed
in a typical session and age of first use of alcohol, these
variables were entered as covariates but this did not
significantly affect any of the results and thus are not
reported.

Table 2 shows group data for use of cannabis, cocaine,
amphetamine and LSD. As the majority of ex-users had
stopped regularly using recreational drugs, the figures
reflect patterns of use when taking the drug regularly. The
only significant group difference apparent within the
measures of cannabis use was length of time since last
use (x*=8.66, p=0.003) whereby current users had smoked
cannabis more recently than both ex-users (U=118.50, p=
0.002) and polydrug controls (U=210.00, p=0.002). Cur-
rent regular (>1 day per month) cannabis use was reported
by 56% current users, 26% ex-users and 43% polydrug
controls, while current regular use of cocaine was reported
by 64% current users, 8% ex-users and 32% polydrug
controls. Time since the last reported use of cocaine (y>=
16.83, p=0.001) and LSD (y*=21.48, p=0.001) showed
group differences. Current users had used cocaine more
recently than ex-users (U=118.50, p=0.001) and LSD more
recently than both ex-users (U=76.00, p=0.001) and
polydrug controls (U=38.00, p=0.001). Participants were
excluded if their urine sample tested positive for any drug
apart from cannabis, and the following percentages of
participants in each group tested positive for cannabis:
ex-users, 18%; current users, 64%; polydrug users, 18%;
and controls, 0%.

Several differences were observed between the ex-users
and the current users in terms of patterns of ecstasy use
(Table 3). As would be expected, the length of time since
participants had used ecstasy was significantly longer in the
ex-user group (U=0.00, p<0.001). In addition, ex-users had
used ecstasy regularly for significantly fewer years than

Table 1 Mean (SD) for age,

premorbid 1Q (Spot the Word), Ex-users Current users Polydrug Controls

depression (BDI), anxiety

(STAI), aggression (AQ) and Age (years) 29.50 (4.69) 28.64 (4.59) 31.93 (8.41) 32.04 (7.59)

impulsivity (BS) Spot the Word 51.29 (3.73) 49.40 (4.26) 50.14 (4.36) 51.11 (3.53)
BDI 7.57 (5.49) 5.16 (3.40) 6.03 (4.17) 4.96 (5.47)
STAI 37.75 (9.67) 35.52 (7.55) 35.76 (6.93) 33.94 (8.44)
AQ 69.29 (17.17) 64.60 (15.48) 69.79 (15.20) 63.04 (18.03)

* Significantly higher than BS 53.64 (16.02) 60.80 (13.58)" 54.34 (14.75) 47.04 (15.44)

controls
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Table 3 Mean (SD) of ecstasy use

Ex-users Current users

Time since last use (days) 1,017.21 (789.26) 14.20 (9.50)*

Age of first use 19.39 (2.96) 18.20 (3.23)

Years of regular use 4.17 (2.73) 7.28 (4.70)*

Number of days used in a 5.30 (3.17) 2.92 (2.16)*
typical month

Amount used in a typical 2.53 (1.44) 3.86 (2.39)*

session (tablets)
Lifetime occasions
Highest number of tablets
in one session

264.86 (233.98)
5.41 (3.84)

288.00 (420.88)
10.54 (8.39)*

#p<0.01

current users (U=208.00, p=0.001) and took fewer tablets
on average per session (U=208.500, p=0.001). However,
ex-users reported using ecstasy more frequently than
current users (U=173.00, p=0.002). There was a significant
difference in the highest number of ecstasy tablets
participants reported using in one session (U=172.00, p=
0.002), whereby current users reported higher numbers of
tablets than ex-users.

Cognitive tests

Data for two participants (one ex-user and one control) on
the RVIP, Go/No-Go, and SWM were lost, as well as the
data for the SOC for these two participants and one current
user, all due to computer failure.

Buschke selective reminding task A significant group
difference was apparent on trial 1 of the task [F(505)=
6.56, p<0.001]. Post hoc tests indicated that both current
users (p=0.004) and polydrug users (p=0.001) recalled
fewer words than controls (Fig. 1a). A significant group
difference was also found on the delayed trial (x’=11.03,
p=0.002). Post hoc tests revealed that current users recalled
fewer words than controls (U=162.50, p=0.001) and that
both ex-users (U=264.00, p=0.053) and poly drug users
(U=286.50, p=0.08) showed a trend toward recalling fewer
words than controls (Fig. 1b). In addition, significant main
effects of trial [F(2210)=221.07, p<0.001] and group
[F(1.105)=7.41, p<0.001] were found on learning across
the first three trials of the task (Fig. 1c). Current users (p=
0.001) and polydrug users (p=0.002) recalled fewer words
at each trial than controls, while there was a trend toward
ex-users remembering less than controls (p=0.056). There
was no group X trial interaction.

Stockings of Cambridge A significant group difference was
found in mean initial thinking time [F(3 105)=3.41, p=0.02]
with ex-users taking longer than current users (p=0.034;
Fig. 2). After co-varying for self-rated impulsivity (BS

total), there was no longer a significant group difference.
There were no group differences in subsequent thinking
time or in number of problems solved in the minimum
moves.

Go/No-go A significant group difference was found in the
total number of hits (x>=26.37, p<0.001). Post hoc tests
revealed that the current users had fewer hits than both ex-
users (U=97.51, p<0.001) and controls (U=172.00, p=
0.004) and that the polydrug users also had fewer hits than
the ex-users (U=154.50, p<0.001) and the controls (U=
231.00, p=0.013; Fig. 3a). A group difference in reaction
time to hits (x’=9.38, p=0.025) reflected current users
having faster reaction times for hits than both ex-users (U=
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222.00, p=0.034) and controls (U=184.00, p=0.008).
Polydrug users had faster reaction times than controls (U=
258.00, p=0.045) and tended to respond faster than
ex-users (U=283.00, p=0.075; Fig. 3b). False alarms
showed group differences [F(3 106)=4.71, p=0.004] where-
by polydrug users had more false alarms than both ex-users
(»p=0.017) and controls (p=0.008; Fig. 3c).

Other tasks

No significant group differences were found in immediate
or delayed prose recall, RVIP, Serial Sevens, verbal fluency,
SWM or the TMT.

As Roiser et al. (2007) found that self-reported impul-
sivity correlated with cognitive function in ecstasy users but
not controls, BS scores were correlated with performance
on BSRT, SOC and Go/No-go tasks. No significant
correlations were found.

Discussion

This study showed a general tendency towards impaired
learning and recall on the BSRT in all three drug-using
groups and some evidence of impaired response inhibition
on the Go/No-go task in current ecstasy users and polydrug
users. In addition, ex-users had a longer initial thinking
time on the SOC task than current users, indicating that
they took longer to consider problems before starting to
solve them. No group differences were observed on prose
recall, RVIP, SWM, Serial Sevens, verbal fluency, TMT or
Gibson’s spiral maze.

Both current users and polydrug controls had a reduced
hit rate on the Go/No-go task, while polydrug users also
had significantly more commission of errors than ex-users
and drug-naive controls. Impaired performance on the Go/
No-go task is thought to reflect deficits in response
inhibition. Although poor response inhibition is often
associated with drug use, this deficit appears only in two
of the three drug-using groups. However, this discrepancy

may be related to the patterns of current drug use that
distinguish the groups. A higher proportion of current
ecstasy users and polydrug users report current regular use
of both cannabis and cocaine than ex-users. The fact that
the majority of ex-users no longer take illicit drugs may
have led to a reduction in impulsive behaviours.

The evidence of impaired learning and recall in the three
drug-using groups is in accordance with the findings of
other studies that both ecstasy users and polydrug controls
have memory impairments compared to drug-naive controls
(e.g. Croft et al. 2001). This finding appears to implicate
recreational drug use in general, rather than ecstasy use per
se, in memory impairment. This is perhaps not surprising
given the evidence that cannabis use has been found to lead
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to memory impairments (see Lundqvist 2005, for review)
and deficits have been observed for up to 28 days after
abstinence (Solowij et al. 2002). As a much higher
percentage of current users tested positive for cannabis in
their urine, it is possible that the more significant cognitive
deficits observed in the current users was due to residual
effects of cannabis use. However, the drug-using groups in
this study, unlike many previous studies, used other
stimulants, and little is known about the effects of these
on cognitive function. This highlights the crucial impor-
tance of matching groups for the use of all other
recreational drugs, not just cannabis. The failure to do this
may have led to many studies linking ecstasy use with
cognitive deficits, whilst ignoring the use of other stimu-
lants. Interestingly, in the present study, compared with
controls, current users and the polydrug users had a
significantly shorter memory span, while ex-users did not
differ. Although this could be an indication of recovery in
the ex-users, it is not possible to interpret this as recovery
from impairments caused by ecstasy use because deficits
were present in drug users who have never taken ecstasy.
Rather, as current ecstasy users and polydrug controls report
more current drug use than the ex-ecstasy users, it may
indicate recovery from deficits caused by drug use in general.

The ex-user group took longer than current users to think
about problems on the SOC task before starting to solve
them. This could reflect the ex-users needing longer to
work out the solution than current users, an interpretation
that would fit with previous research finding cognitive
deficits in ex-users (Curran and Verheyden 2003; Thomasius
et al. 2003). However, after co-varying self-rated im-
pulsivity scores, the group difference was no longer
significant. Current users had somewhat higher BS scores
than ex-users, so an alternative explanation may be that the
current users are more impulsive than the ex-users and begin
to solve the problem quicker. Although impulsivity has often
previously been linked to ecstasy use, this result suggests that
impulsivity is a trait associated with drug use in general.

In light of the large body of research reporting cognitive
impairments in both previous and current ecstasy users, it
may seem surprising that very few group differences were
observed in the present study. However, recent studies that
have attempted to minimise confounding variables have
also found little evidence of group differences. As
discussed above, Roiser et al. (2007) administered a battery
of cognitive tests to four groups similar to those in the
present study and found only two significant group differ-
ences, and the difference between current users and controls
was no longer apparent after controlling for alcohol use.
Essentially, the findings of the current study support the
results of Roiser et al. (2007) in providing little evidence of
cognitive impairment caused by ecstasy use per se. Overall,
the results of research into cognitive effects of ecstasy use

are inconsistent, and the present results appear to be in line
with the majority that find no evidence of deficits in
executive functions and working memory. In addition, the
issue of publication bias must be taken into consideration.
Dafters et al. (2004), who also found no evidence of
cognitive impairment in ecstasy users, comment that it is
likely that “failure to find evidence of MDMA'’s detrimental
effects on cognition is under-reported due to the reluctance
of scientific journals to publish nonsignificant results”.

This study highlights the importance of matching groups
for the use of all other recreational drugs, as well as other
factors such as premorbid 1Q and mood, when attempting to
explore the effects of ecstasy use. It is extremely difficult,
and thus time consuming, to recruit participants who use
similar levels of cannabis, amphetamines and cocaine as
ecstasy users but who have never taken ecstasy. This is
reflected not only in the failure of other studies to match
adequately but also the lack of research investigating the
cognitive effects of recreational cocaine and amphetamine
use: studies to date on these stimulants concentrate virtually
exclusively on chronic addiction and withdrawal. This lack
of information about the cognitive effects of other stimulant
drugs and the established link between cannabis and
memory impairments have lead to researchers citing
cannabis as the most important drug to match for when
investigating cognitive function in ecstasy users. The
present study highlights the need to match for amphetamine
and cocaine use. Not only are the drug-using groups in this
study exceptionally well matched in terms of the use of all
recreational drugs, but in addition, urine samples were
taken to verify recent drug use.

It is, of course, difficult to control for confounding
factors that are inherent in cross-sectional designs, such as
premorbid differences in cognitive function. Further, our
conclusions relate to male ecstasy users only. While a
recent review found that there appeared to be gender
differences in the acute and sub-acute effects of MDMA,
there is no clear evidence of gender difference in cognitive
function after regular ecstasy use (Allott and Redman 2007).

Researchers consistently suggest that cognitive deficits
found in ecstasy users could be caused by the effects of
MDMA consumption on 5-HT. However, the fact that the
majority of preclinical studies find changes in serotonergic
function in the absence of any functional changes indicates
a far more complex relationship than the MDMA-induced
neurotoxicity argument proposed by much of the research.
Some fascinating new research found that polymorphisms
of the 5-HT transporter gene was associated with cognitive
performance in both the ecstasy users and controls tested,
while patterns of decision making were altered only in one
genetic subgroup of ecstasy users (Roiser et al. 2000). It is
possible that these genetic variations may be associated
with individual differences in vulnerability to MDMA-
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induced changes in the serotonergic system and thus to
changes in cognitive function. Although further research is
required to investigate this possibility, it could reveal an
intriguing explanation, in part at least, for the conflicting
results in the ecstasy literature.

In conclusion, the present study provides evidence to
suggest that recreational drug use, in particular recent drug
use, may lead to subtle memory impairments, regardless of
whether ecstasy has been used or not.
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