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Abstract
Objectives—Ecstasy (3,4-methylenedioxymethamphetamine (MDMA) and related
congerers: MDA, MDEA) is the name
given to a group of popular recreational
drugs. Animal data raise concern about
neurotoxic eVects of high doses of ecstasy
on central serotonergic systems. The
threshold dose for neurotoxicity in humans is not clear and serotonin is involved
in several functions including cognition.
The purpose of this study was to investigate cognitive performance in a group of
typical recreational ecstasy users.
Methods—A comprehensive cognitive test
battery was administered to 28 abstinent
ecstasy users with concomitant use of cannabis only and to two equally sized
matched groups of cannabis users and
non-users. The sample consisted of ecstasy
users with a typical recreational use pattern and did not include very heavy users.
Results—Ecstasy users were unimpaired
in simple tests of attention (alertness).
However, they performed worse than one
or both control groups in the more
complex tests of attention, in memory and
learning tasks, and in tasks reflecting
aspects of general intelligence. Heavier
ecstasy and heavier cannabis use were
associated with poorer performance in the
group of ecstasy users. By contrast, the
cannabis users did not diVer significantly
in their performance from the non-users.
Conclusions—The present data raise concern that use of ecstasy possibly in
conjunction with cannabis may lead to
cognitive decline in otherwise healthy
young people. Although the nature of the
emerging cognitive disturbance is not yet
clear, an impairment of working memory
might be the common denominator underlying or contributing to declines of
performance in various tasks. The cognitive disturbance is likely to be related to
the well recognised neurotoxic potential of
ecstasy. The data suggest that even typical
recreational doses of ecstasy are suYcient
to cause neurotoxicity in humans.
(J Neurol Neurosurg Psychiatry 2000;68:719–725)
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Ecstasy (3,4-methylenedioxymethamphetamine
(MDMA) and related congerers MDA,
MDEA) is the name given to a group of popular recreational drugs with neurotoxic eVects

on central serotonergic systems. Reductions of
serotonin (5-HT), its metabolite 5-HIAA, and
5-HT transporter binding in brain tissue as
well as diminished activity of tryptophan
hydroxylase have been demonstrated in several
species including non-human primates after
administration of relatively high and repeated
doses of MDA and MDMA.1–5 Neuroanatomical studies disclosed widespread degeneration
of serotonergic axon terminals throughout the
whole brain.6–8 Although recovery from neurotoxic damage was almost complete in most rats
after 12 months,4 in non-human primates neurotoxic brain alterations were still detectable as
long as 7 years after MDMA exposure and
included hyporegeneration in preminantly cortical and hyperregeneration with aberrant axon
sprouting in predominantly subcortical
regions.5 9–11 The lowest MDMA dose, which
elicited long term structural damage in serotonergic neurons of non-human primates was 5
mg/kg subcutaneously twice daily for 4 days.5
Although some heavy users take ecstasy in
quantities that approach those experimental
doses, most recreational users do not. The
typical recreational user takes one or two
ecstasy pills containing about 100–140 mg
MDMA each (or equivalent dose of MDA or
MDEA) during the weekend and abstains from
use during the week. However, the threshold
dose for human neurotoxicity is not clear and
humans may be more susceptible than primates. In addition, it is possible that the cumulative doses ingested by moderate recreational
users over a longer period of regular use bear a
similar neurotoxic risk as high experimental
doses administered within a short period of
time.
In a recent PET study with the selective
5-HT transporter ligand McN-5652 abstinent
ecstasy users showed decreased brain 5-HT
transporter binding compared with controls
and this decrease correlated with the extent of
previous ecstasy use.12 This was the first in vivo
demonstration of long term and, therefore,
probably neurotoxic brain damage in ecstasy
users. However, the possible functional consequences of this toxic brain injury have not yet
been elucidated. Serotonergic systems are
involved in numerous functions including
regulation of mood and drive, cognition,
vegetative function, pain, and neuroendocrine
secretion. Although the role of serotonin in
cognition is not clear, some studies indicate
that diminished serotonergic activity may cause
cognitive impulsivity with higher rates of
anticipatory responses in reaction time tasks
and may interfere with memory processes.13–18
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relevant general medical disease requiring
pharmacological treatment, and any medication on the study day. Subjects were screened
for inclusion and exclusion criteria by means of
a preliminary telephone interview, which was
followed by a personal interview and medical
history including the structured interview for
the diagnostic and statistical manual of mental
disorders IV (DSM-IV) and a detailed history
of drug misuse. The ecstasy users agreed to
abstain from ecstasy use for at least 7 days
before the study. Ecstasy and cannabis users
agreed to abstain from use of cannabis on the
study day. Drug screens were performed on the
study day with urine samples for the following
substance groups: amfetamines, methamfetamines, cocaine and its metabolite, marijuana,
benzodiazepines, barbiturates, and opiates. A
positive screen for any substance except for
cannabis was an exclusion criterion. After
complete description of the study to the
subjects, written informed consent was obtained and subjects were paid for their participation. The study was approved by the local
ethics committee at the RWTH Aachen.

Methods

NEUROPSYCHOLOGICAL TEST BATTERY

SUBJECTS

All subjects underwent a session composed of
both computerised and paper and pencil tests.
The session began at about 900 am, lasted
about 3 hours, and was interrupted by a pause
of 15 minutes half way. The test battery
consisted of the following tests:

We enrolled 28 ecstasy users who reported its
regular use over 6 months or longer with a
minimum frequency of twice a month within
the past 2 years or use of ecstasy on at least 25
occasions during the past 2 years (inclusion
criteria). Recruitment was performed directly
in the dance scene by students who were
involved in the study and via word of mouth.
Exclusion criteria were: (1) regular use of other
legal or illegal psychotropic drugs with the
exception of cannabis (regular use was defined
as use once a month or more often over 6
months or longer within the past 2 years), and
(2) regular heavy use of alcohol (defined as
severe drunkenness occurring at a frequency of
at least twice a month). Because almost every
ecstasy user smokes cannabis, it was impossible
to recruit a reasonable number of “exclusive”
ecstasy users. Therefore, we enrolled two control groups. The first one consisted of 28
healthy persons who had never taken ecstasy
and had no previous or current history of regular drug use or regular heavy alcohol use (definitions according to the exclusion criteria of
the ecstasy user group). The second control
group consisted of 28 persons who had never
taken ecstasy and were matched for cannabis
use with the ecstasy user group, but had no
previous or current history of regular use of
other drugs or regular heavy alcohol use (definitions also according to the exclusion criteria
of the ecstasy user group). This second control
group is termed the “group of cannabis users”,
although five subjects had only sporadic or no
use of cannabis at all (because six ecstasy users
had also only sporadic or no use of cannabis).
Both control groups were matched for age, sex,
and education with the ecstasy user group.
Exclusion criteria for all participants were any
current or previous axis I psychiatric diagnoses
(except for drug misuse in the two user
groups), any organic brain disorder, any

TESTS OF ATTENTION

Tonic and phasic alertness (test for attentional
performance TAP,27 subtest 1)
A simple reaction time (RT) task measuring
response readiness to a simple visual target
which appears on the computer screen preceded or not preceded by a warning acoustic
signal.
Selective visual attention (TAP, subtest 6)
A more complex RT task requiring visual
memory, target selection, and response inhibition (go/nogo). Five relatively similar complex
figures are presented on the computer screen
and two out of those five figures are defined as
the critical targets. Subjects have to memorise
the figures and thereafter they have to react to
the critical targets by pressing a computer key
and ignore the non-critical targets.
Divided attention (TAP, subtest 5)
A demanding dual RT task requiring attention
to simultaneously presented visual and acoustic cues. Subjects have to respond to the
appearance of a square composed of small
crosses among other irregular shapes on the
screen and to any irregularity occurring in an
alternate sequence of high and low tones.
Intermodal integration (TAP, subtest 8)
Subjects view upward or downward directed
arrows on the screen and simultaneously listen
to high and low tones. They have to react by
pressing a computer key whenever they detect a
match (for example, simultaneous appearance
of an upward directed arrow and a high tone).
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Some recent studies considered the question of
cognitive performance in drug free ecstasy
users. One study demonstrated an impulsive
cognitive style with high error rates,19 whereas
most studies demonstrated moderate, subclinical memory problems in ecstasy users.20–25
More recently, subtle deficits in tasks requiring
sustained and complex attention were also
reported.26 However, methodological problems
of previous studies included comorbidity with
other psychiatric disorders besides drug use,20
lack of data on the use of other illicit drugs21 or
polydrug use,20 23 and short abstinence periods
of only 4–7 days before the study day, thus
raising the question of pharmacological rather
than long term toxic eVects.21–23 In a recent
study of memory performance decrements
were demonstrated only in heavy ecstasy users
who had a concomitant use of various other
illicit drugs (polydrug users), but not in
moderate ecstasy users.24 The aim of the
present study was to assess various cognitive
abilities in abstinent recreational ecstasy users
who did not previously use ecstasy in extremely
high doses and who were not polydrug users.
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Cognitive interference
The classic Stroop test was administered in the
German standardised paper and pencil
version.28
TESTS OF MEMORY SPAN AND WORKING MEMORY

Corsi block tapping test
This classic test29 assesses the visuospatial
memory span. Subjects memorise and reproduce a series of spatial locations by touching
prearranged wooden blocks in the sequence
previously demonstrated by the examiner.
Digit span (Wechsler adult intelligence scale-revised
WAIS-R, German version,30 subtest 3)
Subjects repeat a list of orally presented digits
forward (verbal memory span) or backward
(verbal working memory).
TESTS OF MEMORY AND LEARNING

VLMT: verbal learning and memory test31
This is a German standardised equivalent of
the classic auditory verbal learning test.32 A
learning list of 15 words is presented orally by
the experimenter. Assessments include free
recall after the first presentation (immediate
memory span), learning performance with a
maximum five consecutive presentations, decrement of performance after presentation of an
interference word list of 15 words, and
recognition performance by means of a third
longer word list containing the words of the
learning list and a larger number of other words
not presented previously. Recognition performance is assessed 30 minutes after the last
presentation of the learning list.
VIG: visuospatial memory33
This computerised visuospatial equivalent of
the VLMT assesses immediate memory span
and learning performance for complex visual
arrangements consisting of geometric figures.
PREFRONTAL AND GENERAL INTELLIGENCE TESTS

Word fluency
In this variation of the classic frontal Benton
word fluency task subjects generate as many
words of specific phonological and semantic criteria as possible within a minute (initial letter,
semantic category, alternating criteria: phonological/ phonological,semantic/semantic,phonological/semantic).
LPS-4: abstract logical thinking (from the
computerised version of the Leistungsprüfsystem
LPS)33 34
In this problem solving task subjects have to
find out the rule in a series of digits and letters
and to indicate the “wrong” element which is
violating the rule (fluid intelligence).
Mosaic test (WAIS-R, German version,30 subtest
6)
This is another classic test of fluid intelligence
assessing visuomotor performance, planning,

and problem solving. Subjects must reproduce
complex visual patterns with cubes.
General knowledge (WAIS-R, German version,30
subtest 1)
Subjects answer 24 questions of general
knowledge. Once acquired, general knowledge
remains relatively unaVected for a long period
of time after the onset of any organic cognitive
decline. Therefore, it is thought to reflect the
crystallised by contrast with the more susceptible fluid portion of intelligence.35
Finally, all subjects completed a questionnaire assessing the subjective experience of
concentration and memory problems in everyday life (Fragebogen zum Alltagsgedächtnis,
questionnaire for the assessment of everyday
memory).36
STATISTICS

Reaction times (RT: medians and variance),
errors, anticipations (RT<100s), and performance scores of the three groups were analysed
by means of analysis of variance (ANOVA) and
ScheVé post-hoc tests. In addition, a canonical
discriminant analysis was performed with the
entire data set of all subjects (reaction times,
error rates, and performance scores of the
complete test battery: 48 values in total). The
relation between the performance data of the
ecstasy users and their previous ecstasy and
cannabis use was analysed with Pearson´s correlation coeYcient. Because of the possible
eVects of pre-existing diVerences in general
intelligence and educational level the ANOVA
was rerun using the general knowledge score as
a covariate (ANCOVA). In addition, the
relation between the three intelligence scores
and the significant scores in the attentional and
memory tasks were analysed with the Pearson´s
correlation coeYcient in the ecstasy user
group. p Values<0.05 were considered significant. All procedures were performed using
SPSS version 7.5.
Results
The three groups were similar in terms of sex
distribution, age, and educational level (table
1). Although the level of education was slightly
lower in the ecstasy group, the diVerences were
not statistically significant (÷2=6.44, df=8,
p=0.59, educational levels 1–3 and 4–5 were
pooled together for testing). The data for
ecstasy and cannabis use are given in table 2.
The two user groups were similar for the extent
of previous use of cannabis. Ecstasy users had
used ecstasy over 27 months on average. The
average estimated total dose was 93.4 ecstasy
tablets. Hence the average extent of use was
about 3.5 ecstasy tablets a month, which is a
typical recreational and not a very heavy use.
Most ecstasy users had taken the drug for the
last time 2 to 8 weeks before the study. In four
cases this time period was shorter (7–10 days)
whereas in two cases it was considerably longer
(6–12 months).
In the reaction time (RT) tasks there were
only very few errors and anticipatory responses
in all three groups and there were no statistical
diVerences among the groups. Therefore, these
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Visual scanning (TAP, subtest 12)
Subjects scan a matrix of 5×5 similar graphic
elements for a target, which is presented before
the onset of the trial.
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Demographic data of ecstasy users and control groups (n=28 in each group)

Mean age (y) (range)
Men:women
Level of education
(1)
No school leaving examination/at least 9 years of education
(2)
Basic school leaving examination after form 9
(Hauptschulabschluâ)
(3)
Intermediate school leaving examination after form 10
(Realschule/ mittlere Reife)
(4)
Highest school leaving examination qualifying for admission to
college/university after form 12 or 13 (Fachabitur/Abitur)
(5)
University degree (Hochschulabschluâ)

Ecstasy users

Cannabis users*

Non-users

23.25 (18–29)
16:12

22.9 (18–31)
15:13

23.5 (18–30)
17:11

1
2

0
2

0
0

8

5

8

16

20

20

1

1

0

*Cannabis users=persons who were matched for cannabis use with the ecstasy users.

data are not presented. The overall results (RT
and performance data) showed mostly good
cognitive levels in all three groups. However,
the ecstasy users tended to perform poorer in
most tests and there were some statistically significant diVerences between the groups
(ANOVA, table 3): in the test of selective visual
attention (go/nogo) ecstasy users had longer
RTs than both control groups and a larger
variance of RTs than the non-user group. In the
tests of divided attention and intermodal integration ecstasy users had significantly longer
RTs than the cannabis users. In the verbal
working memory task (digit span backward)
ecstasy users performed poorer than nonusers. In the verbal learning and memory test
(VLMT) ecstasy users recalled less words after
the first presentation of the learning list than
non-users (immediate recall). They required
more repetitions to learn the items than both
control groups and they forgot more words
after the presentation of the interference list
than the non-users. In the visuospatial memory
task (VIG) ecstasy users recalled less figures
after the first presentation than both control
groups (immediate recall). Finally, ecstasy
users showed a poorer performance than both
control groups in all three general intelligence
tests. Scores on the questionnaire for the
assessment of concentration and memory
problems did not diVer significantly between
the three groups, although the two user groups
tended to score higher than the non-user
group. By means of the canonical discriminant
analysis 90.36% of the subjects could be
assigned correctly to one of the three groups
according to their performance data (92.9% of
Table 2

the ecstasy users, 85.7% of the cannabis users,
and 92.6% of the non-users).
In the group of ecstasy users long RTs in the
divided attention task were associated with a
long period of regular ecstasy use (r=0.411,
p<0.05). A poor digit span performance
(working memory) was associated with a
higher estimated cumulative ecstasy dose
(r=−0.382, p<0.05) and a young age of onset
of cannabis use (r=0.518, p=0.01). Poor
performance in the VLMT (verbal memory
and learning) was associated with heavier
ecstasy use (immediate recall/estimated cumulative dose: r=−0.387, p<0.05; interference
eVect by second word list/frequency of use:
r=0.425, p<0.05; number of repetitions in the
learning phase/average one night dose:
r=0.489, p<0.01) and with heavier cannabis
use (number of repetitions/frequency of use:
r=0.577, p<0.01). No other correlation of any
test score with any aspect of the pattern of
ecstasy or cannabis use reached statistical
significance.
In the analysis of covariance (ANCOVA)
using the general knowledge score as the
covariate group diVerences were still significant
for all previously significant performance
scores except for the interference eVect by the
second word list in the verbal memory task
(VLMT). In this particular case the group
eVect only approached significance (p=0.092)
in the covariance analysis. In addition, there
was a significant, although not very high correlation between the three intelligence test scores
(general knowledge/mosaic test: r=0.386,
p=0.043; mosaic
test/LPS-4: r=0.390,
p=0.040), but no correlation between any of

Patterns of ecstasy and cannabis use in the two user groups (n=28 in each group)
Ecstasy users

Cannabis users*

Patterns of use

Ecstasy use

Cannabis use

Cannabis use

Regular/sporadic/no use
Estimated total dose

26/2/0
93.4 (119.9) tablets
[range 20–500]
2.4 (1.6)
[range 0.75–8]
1.4 (0.9) tablets
[range 0.5–3.5]
27 (18) months
[range 6-60]
19.4 (3.3) y
[range 14–27]
41 (71.1) days
[range 7 days–1 y,
median 23 days]
—

22/1/5
—

23/2/3
—

20.7 (11.5)

20.95 (10.2)

Average frequency of use (days per month)
Average estimated daily or one night dose
Duration of regular use in regular users
Age at onset of use
Time since last dose

THC-Screen in urine sample on study day

650 (635) mg daily

724 (608) mg daily

66.6 (37) months

35.1 (24) months

16.6 (2.9) y

17.1 (2.4) y

4.3 (5.3) days
[median 2 days]

4.0 (15.5) days
[median 1 day]

17 positive/11 negative

20 positive/8 negative

*Cannabis users=persons who were matched for cannabis use with the ecstasy users. Values in () are SD.
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Scores

Tonic alertness:
RT (ms)
Phasic alertness:
RT (ms)
Selective attention (go/no go):
RT (ms)
Divided attention:
RT (ms)
Intermodal integration (attention):
RT (ms)
Visual scanning:
Non-critical trial RT (ms)
Critical trial RT (ms)
Correlation RT/position (Z transformed)
Stroop test:
Interference factor
Corsi (visual-spatial memory span)
Digit span:
Forward
Backward
VLMT (verbal learning/memory):
Immediate recall
Learning performance over five rehearsals
Interference eVect by second list
Memory performance after 30 minutes
Number of repetitions required for learning
VIG (visual learning / memory):
Immediate recall
Learning performance over five rehearsals
Number of repetitions required for learning
Word fluency:
Phonological
Semantic
With alternating criterion
LPS-4 (logical thinking, problem solving)
Mosaic test (visuoconstruction, strategical planning)
General knowledge
Score questionnaire for memory problems

ScheVé

Ecstasy users

Cannabis users*

Non-users

p Value

218.9 (28.2)

221.1 (26.3)

218.7 (27.5)

NS

E/N

E/C

214.8 (24.8)

214.0 (26.7)

214.7 (25.2)

NS

532.0 (65.4)

484.4 (57.9)

478.6 (48.4)

<0.002

+

+

671.6 (57.0)

625.0 (35.1)

638.7 (69.7)

<0.01

−

+

412.2 (80.7)

364.9 (44.8)

380.5 (49.2)

<0.02

3281.1 (1017.1)
1958.5 (493.7)
0.663 (0.480)

3416.3 (868.2)
1921.3 (445.7)
0.854 (0.410)

3782.2 (808.6)
1985.1 (465.1)
0.872 (0.413)

NS (0.10)
NS
NS (0.14)

−3.84 (4.38)
5.82 (0.77)

−3.86 (6.13)
6.18 (0.90)

−3.10 (6.00)
6.04 (1.04)

NS
NS

8.54 (1.84)
7.00 (2.34)

8.93 (1.51
8.00 (1.87

8.89 (1.29)
9.11 (2.67)

NS
<0.01

7.82 (1.93)
6.25 (2.07)
2.14 (2.07)
13.79 (1.75)
4.46 (0.79)

8.71 (2.03
5.71 (2.11
1.50 (1.77)
14.43 (1.07)
3.71 (1.15)

9.82 (2.28)
5.07 (2.26)
0.89 (1.55)
14.21 (1.03)
3.29 (1.12)

4.54 (1.62)
2.14 (1.46)
4.61 (0.96)

5.57 (1.53)
1.43 (1.45)
4.00 (1.41)

17.64 (3.62)
25.25 (7.64)
15.30 (2.77)
25.96 (4.10)
36.11 (6.09)
15.29 (3.44)
27.0 (10.61)

18.87 (3.49)
28.00 (5.46)
16.04 (2.60)
29.46 (4.19)
40.86 (5.57)
17.82 (3.44)
29.86 (10.95)

C/N

−

+

+

−

−

<0.002
NS
<0.05
NS (0.12)
<0.001

+

−

−

+

−

−

+

+

−

5.71 (1.24)
1.57 (1.60)
4.11 (1.13)

<0.01
NS (0.14)
NS (0.12)

+

+

−

20.37 (6.37)
28.54 (6.49)
16.68 (3.91)
29.50 (3.64)
40.39 (7.50)
17.61 (2.63)
24.04 (8.0)

NS (0.15)
NS (0.09)
NS
<0.001
<0.01
<0.01
NS (0.09)

+
+
+

+
+
+

−
−
−

+Significant group diVerence; E/N=ecstasy users/Non-users; E/C=ecstasy users/cannabis users; C/N=cannabis users/Non-users.
*Cannabis users=persons who were matched for cannabis use with the ecstasy users.

the intelligence tests and the other performance scores in the ecstasy user group (n=28).
Discussion
A comprehensive cognitive test battery was
administered to 28 recreational ecstasy users
with concomitant use of cannabis only and to
two equally sized matched groups of cannabis
users and non-users. The test battery included
tests of attention, memory and learning, frontal
lobe function, and general intelligence. Although all three groups performed well within
the normal range ecstasy users performed
worse than one or both control groups in the
more complex tests of attention (go/nogo task
of selective attention, divided attention, and
intermodal integration), in memory and learning tasks, and in the tasks reflecting aspects of
general intelligence. By contrast, performance
in simple reaction time tasks of attention (tonic
and phasic alertness) was unaVected. Poorer
performance scores or longer reaction times in
the working memory, verbal memory, and
divided attention tasks were associated with
heavier ecstasy and heavier cannabis use.
These results raise the concern that ecstasy use
even in typical moderate recreational doses and
possibly in conjunction with cannabis use may
lead to a subclinical cognitive decline in otherwise healthy young people. Although we
cannot rule out the possibility that concomitant regular use of other legal and illegal drugs
and/or heavier ecstasy use was concealed by

subjects, we do not think that this was the case
because they were not aware of our inclusion
and exclusion criteria when first interviewed
and there was no motivation for them to falsify
their data once they agreed to participate in the
study. In addition, our clinical impression of
the ecstasy users did not fit the typical characteristics of heavy polydrug users.
The ecstasy users reported an average time
period of more than 3 weeks from the last
intake of ecstasy until the study day. Therefore,
purely pharmacological eVects of ecstasy or the
commonly reported “after eVects” in the days
after ecstasy ingestion21–23 are unlikely to have
determined the poorer performance of ecstasy
users compared with the control groups. By
contrast, concomitant cannabis use may well
have influenced the cognitive performance of
ecstasy users. Noteworthy, the two user groups
were similar for the extent of previous cannabis
use, the only exception being the duration of
regular use, which was longer in the group of
ecstasy users. However, there was no association between performance data and duration
of regular cannabis use, although there were
associations between poorer performance and
other aspects of the pattern of cannabis use
(younger onset age and higher frequency of
use). Finally, the time elapsed since the last use
of cannabis tended to be somewhat shorter in
the cannabis user group. In conclusion, concomitant cannabis use is unlikely to fully
account for the poorer performance of ecstasy
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function17 37–40 and have been shown in some19 41
but not in all studies42 with ecstasy users. An
impulsive cognitive style with poor planning
may well impair the performance in complex
tasks of attention, as well as in learning tasks
and tasks of fluid intelligence. However, our
overall data are not supportive of an increased
cognitive impulsivity in our sample, because
ecstasy users did not demonstrate increased
rates of errors and premature reactions (anticipation: RT<100 ms) and had longer rather
than shorter reaction times compared with the
control groups. The only hints towards this
direction were the results in the visual scanning
task. Ecstasy users exhibited a shorter processing time than the control groups in the
non-critical trials of this task, whereas in the
critical trials their processing time correlated
poorly with the target position. However, these
group diVerences did not reach significance.
Alternatively, the underlying common cognitive disturbance might be a problem of working
memory, which refers to the ability of holding
information “on line” for short periods of time
and manipulating it in the service of guiding
behaviour.43 Working memory is a complex
skill which cannot be entirely diVerentiated
from processes of attention, memory span, and
even general intelligence.35 In our test battery
working memory is best reflected by the digit
span performance (backward), but, in addition, it is involved in the memory and learning
tasks, in both tests of fluid intelligence and in
the task of selective attention with response
selection (go nogo). Therefore, working
memory may be a good candidate for the substrate of cognitive impairment in ecstasy users.
The cognitive disturbance in our sample of
ecstasy users is likely to be related to the well
recognised neurotoxic potential of ecstasy,
which is restricted to the serotonergic system.
Although no clear picture has emerged so far
about the role of serotonin in cognition, it is
involved in various cognitive tasks involving
memory
and
speed
of
information
processing.16 17 44 Moreover, cognitive deterioration in users may be related to secondary
regulatory mechanisms involving other neurotransmitter systems that are not directly
aVected by the neurotoxic potential of the
drug. Subclinical cognitive decline may not be
noticed by the subjects themselves over a long
period of time. Therefore, subjects are likely to
continue using ecstasy and put themselves at
substantial risk for further deterioration over
the years. Theoretically, it is possible that the
cognitive impairment becomes apparent only
after many years when the eVects of normal
aging add to the possible neurotoxic damage. A
most important question refers to the reversibility or permanence of the adverse cognitive
eVects after longer periods of abstinence. A
recent primate study showing abnormal cerebral 5-HT innervation patterns 7 years after
MDMA exposure11 raises concern about the
possible irreversibility of functional consequences of serotonergic damage in humans.
This question cannot be answered in cross sectional studies and must be considered in future
longitudinal investigations. Given the popular-
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users compared with the cannabis user group,
although cannabis use is likely to have aVected
cognition and to have contributed to some
extent to the poorer performance of ecstasy
users compared with the non-user group.
However, the data of the cannabis user group
demonstrate that cannabis use alone was not
suYcient to impair the performance of subjects
to a significant degree.
Finally, it might be hypothesised that the
poorer performance of ecstasy users was due to
accidental pre-existing diVerences in general
cognitive capacity or intelligence. Ecstasy users
performed worse not only in the two tests of
fluid intelligence (mosaic test, LPS-4: logical
thinking, and problem solving) which are likely
to be aVected by subtle or the start of more
serious cognitive deterioration, but also in the
general knowledge test, a classic test of crystallised intelligence, which is thought to be insensitive to early cognitive decline.35 Although
there was no statistically significant diVerence
in the level of education between the three
groups, cannabis users and non-users tended
to have slightly higher levels of education on
average (highest school leaving examination
qualifying for admission to university or
university degree, see table 1). However, we do
not think that possible pre-existing diVerences
in intelligence and education are suYcient to
explain the poorer performance of the ecstasy
user group in tests of attention and memory.
Firstly, there was a significant correlation
between memory and attention scores and the
extent of ecstasy use indicating an association
of poorer performance with heavier use.
Secondly, group eVects remained significant
when we reran the ANOVA using the score of
the general knowledge test as a covariate.
Thirdly, there was no correlation between the
three intelligence test scores and the performance or reaction time data of the attention and
memory tasks. The poorer general knowledge
in the ecstasy user group may well be the consequence of the early socialisation within the
dance and drug scene, which is likely to have
somewhat narrowed the fields of interests and
to have interfered with the acquisition of
general knowledge. By contrast, the poorer
performance of ecstasy users in the two tests of
fluid intelligence may reflect either a start of,
but still subclinical cognitive decline, or the
slightly inferior level of education, or a combination of both factors.
In summary, our data suggest that ecstasy
use over a period of months or a few years may
cause long term impairment of cognitive
performance even when ecstasy is taken in
typical recreational and not necessarily very
high doses. Concomitant cannabis use may
contribute to the impairment. However, the
nature of the emerging cognitive disturbance is
not yet clear. Besides the possibility of multiple
distinct impairments of attention, memory
processes, and other cognitive skills it might be
hypothesised that one common disturbance
underlies or contributes to impairments in
various tasks. Increased levels of cognitive and
behavioural impulsivity have been associated
with conditions with reduced serotonergic
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ity of ecstasy among young people the present
data are clearly alarming and underline the
need for further research in this field.
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