
Abstract Rationale: (±) 3,4-Methylenedioxymetham-
phetamine (MDMA or “ecstasy”) has been shown to
cause long term damage to serotonergic cerebral neurons
in animals. The neurotoxic effects in humans are less
clear and little is known about the functional conse-
quences, although some studies suggest memory impair-
ment. Given the widespread use of MDMA, our lack of
knowledge raises concerns. Objective: We investigated,
in humans, the relation between past use of ecstasy and
cognitive performance as well as serotonergic function.
Methods: Two groups of 21 males with moderate and
heavy recreational use of MDMA, respectively, and a
control group of 20 males without use of MDMA were
compared. All were from the same subculture. Reaction
time, direct recall, and recognition were assessed. Sero-
tonergic function was measured by the neuro-endocrine
response to a placebo-controlled, crossover challenge
with dexfenfluramine. Results: Ecstasy users showed a
broad pattern of statistically significant, but clinically

small, impairment of memory and prolonged reaction
times. Heavy users were affected stronger than moderate
users. Release of cortisol but not of prolactin after dex-
fenfluramine administration was significantly reduced in
both groups of ecstasy users compared with the controls.
Analyses of covariance showed that likely confounding
variables including recent exposure to ecstasy, psychoso-
cial profiles and use of other drugs did not explain the
differences found between the groups. Conclusions:
These results provide further evidence that use of ecstasy
may be associated with impairment of memory and of
serotonergic function. These findings are compatible
with neurotoxicity of ecstasy as shown in animals.
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Introduction

(±) 3,4-Methylenedioxymethamphetamine (MDMA) or
“ecstasy” is a recreational drug that is widely used at
rave parties. Administration of MDMA to animals in
doses comparable to those used by humans results in
damage to serotonergic cerebral neurons (Green et al.
1995). Some studies suggest comparable neurotoxic ef-
fects in humans (McCann et al. 1998; Semple et al.
1998), but more research in the area is required.

Impairment of the central serotonergic system may re-
sult in a blunted rise in the plasma levels of cortisol and
prolactin after a serotonergic challenge (Bond et al.
1995; Newman et al. 1998). Challenge with L-tryptophan
in ecstasy users showed equivocal results (Price et al.
1989; McCann et al. 1994). Challenge with the indirect
serotonin agonist dexfenfluramine showed a blunted cor-
tisol and prolactin response in ecstasy users, but the dif-
ferences with normal controls could be ascribed to per-
sonality and other baseline characteristics (Gerra et al.
1998).
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The serotonergic system plays a role in the regulation
of mood, impulse control, memory, and in behaviour that
involves a high cognitive demand (Buhot 1997). A neu-
rotoxic effect of MDMA could theoretically compromise
the serotonergic system to such an extent that this may
result in abnormalities in all these areas. Indeed, chronic
MDMA use has been associated with impulsiveness on
self-report and behavioural measures (Morgan 1998) and
electroencephalogram variables (Allen et al. 1993; Daf-
ters et al. 1999). In three previous neuropsychological
studies (Krystal et al. 1992; Bolla et al. 1998; Parrott et
al. 1998), ecstasy users showed a slightly diminished
performance on memory tasks. However, the interpreta-
tion of these results is hampered by confounding effects
of recent MDMA use, use of other drugs, and psychoso-
cial differences between users and controls. Moreover,
users of multiple drugs who also had been using ecstasy
showed deficits in memory compared to users of multi-
ple drugs who never used ecstasy (Morgan 1999). Many
of these methodological problems could be solved by a
large, well-controlled prospective study, but such a study
would be impossible with an illicit and potentially toxic
substance. The current cross-sectional study attempted to
circumvent the methodological difficulties by studying
participants from the same subculture with widely vary-
ing levels of ecstasy exposure. This makes it possible to
rule out the effects of other drugs and to look for rela-
tions between exposure and effect. Additionally, we
carefully measured a wide range of theoretical confound-
ing variables. The aim of the present study was to inves-
tigate the relation between past use of ecstasy and cogni-
tive performance as well as serotonergic function.

Materials and methods

Participants

Healthy male visitors of rave parties aged between 18 and 28
years were recruited by advertisements. Two groups of ecstasy us-
ers were recruited, based on the findings of a previous Dutch so-
cio-epidemiologic study (Van de Wijngaart et al. 1998); those who
had used ecstasy on 12–48 separate occasions during the past 2
years (n=21); and those who had used it on 48 or more occasions
(n=21). These groups were based on recent frequency of use rather
than on cumulative use, because in animals damage seemed more
strongly associated with the former. A control group consisted of
regular rave party visitors who had never used any ecstasy (n=20).
To minimise the influence of substances other than ecstasy, exclu-
sionary criteria included: current regular use of more than 3 units
of alcohol per day, current regular use of cocaine (more than once
per month), amphetamines (more than once per week or more fre-
quently than ecstasy), opiates, or prescribed drugs. A history of al-
cohol or substance dependence or a major psychiatric disorder
during the last year also led to exclusion. Participants were in-
structed to maintain a regular lifestyle and not to use any psycho-
tropic agents, including all illegal drugs from 1 week before the
first test occasion until the last test occasion. This was checked by
urine tests at all visits. The study was approved by the Medical
Ethics Review Board of Leiden University Medical Center and
performed in accordance with the Declaration of Helsinki. After
complete written and oral descriptions of the study to the partici-
pants, written informed consent was obtained. Participants were
paid for their participation.

Recruitment

There were 289 responders, of whom 56 violated entry criteria at
first telephone contact (mostly ecstasy use on 1–12 occasions in
the past 2 years). After invitation of the first 108 participants into
the study, the required numbers in each group were reached and
the remaining 125 responders were cancelled. Thirty-four invited
participants withdrew before screening, and 74 gave informed
consent. Eight participants met exclusion criteria and 66 partici-
pants entered the study. Three participants withdrew after adverse
events on the first occasion. One participant was excluded after
study completion because of sustained hyperprolactinaemia (eight
times above the upper normal limit on both occasions; his inclu-
sion in a separate analysis did not affect the main results). Thus,
the data from 62 participants were analysed.

Diagnostic procedures

A detailed history of the intake of ecstasy tablets, other illicit
drugs, and use of alcohol was assessed by using a structured inter-
view, which was recently used in a large socio-epidemiological
study of rave party visitors (Van de Wijngaart et al. 1998). This as-
sessment was performed by two psychiatrists (R.J.V, H.J.G.) after
training on the use of the instrument. These investigators used the
Structured Clinical Interview for DSM-IV axis I disorders, non-
patient version, to exclude mood, anxiety or psychotic disorders
(First et al. 1994). In addition, DSM-IV diagnostic criteria for at-
tention-deficit and hyperactivity disorder (ADHD) in youth were
scored retrospectively. ADHD in youth may be a possible con-
founding variable in our study, because it is often associated with
substance use in adolescence (Canbor and Millman 1996) and
ADHD may be associated with cognitive underachievement rela-
tive to the intellectual potential (Weiss 1996). The level of educa-
tion was estimated as the highest school grade entered.

The novelty seeking, harm avoidance and reward dependence
personality traits were assessed with the Temperament and Character
Inventory (TCI) (Svrakic et al. 1993; Duijsens et al. 1997). Assault,
verbal hostility, indirect hostility and irritability were determined us-
ing the Buss-Durkee Hostility Inventory (BDHI) (Buss and Durkee
1957). Cognitive impulsivity, motor impulsivity and non-planning
were measured with the Barratt Impulsiveness Scale (BIS-11) (Barr-
att 1991). Depression was assessed with the Beck Depression Inven-
tory (BDI) (Beck and Beamesderfer 1974; Bouman et al. 1985), and
trait anxiety with the Spielberger State-Trait Anxiety Inventory
(STAI-DY) (Spielberger et al. 1970; Van der Ploeg et al. 1979).

Cognitive performance

Neuropsychological tests were primarily chosen to assess psycho-
logical domains which have been related to serotonergic functions,
particularly memory (Buhot 1997). The tests were performed us-
ing FePsy, an automated computerised battery of validated neuro-
psychological tasks (Alphers and Aldenkamp 1994).

The Corsi Block Tapping Test (Milner 1971; Aarts et al. 1983)
consists of nine grey buttons on the screen. It starts with three but-
tons flashing in serial order. The task of the participant is to tap
out the same order. If all responses are correct, the number of
flashing buttons is increased in increments of one until the partici-
pant fails on two consecutive trials. This maximum was defined as
the “span”. Subsequently, the “superspan” was determined as 24
trials of “span plus one” buttons.

Working memory was assessed following serial and simulta-
neous presentation of six words and figures (four tests altogether)
(Sternberg 1969). After presentation of these items, recognition
was tested by presentation of six stimuli: five new items and one
previously shown. Participants had to point out the one presented
before. Each test consisted of 24 random presentations. For each
recognition task the number of correct responses and the mean re-
action times of correct responses were determined.

These tests are influenced not only by recall, but also by reaction
times [evaluated separately on the non-dominant hand in response
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to simple auditive and visual stimuli, and to a Binary Choice Task
(Moerland et al. 1986)], and by general information processing. In-
formation processing was studied with a visual searching task and a
classification task. In the searching task (Goldstein et al. 1973;
DeMita and Johnson 1981), participants had to identify one grid
pattern out of 24 as quickly as possible, matching the one shown in
the screen centre. After 12 presentations the surrounding grids
changed. The number of errors and mean searching time of correct
responses were measured. The classification task (Robinson et al.
1980; Anderson et al. 1991) was an adaptation of the original Wis-
consin Card Sorting Task, where the participant had to identify the
sorting criteria for four stimuli cards, through a trial-and-error pro-
cess with feedback from the computer program.

Serotonergic function

A double blind, cross over challenge test of 30 mg dexfenflur-
amine or placebo was performed with a washout-period of at least
5 days. After an overnight fast, participants were collected by taxi
and received a glucose drink upon arrival. Participants were ex-
cluded if urine was positive for cocaine, amphetamines, benzodi-
azepines or opiates (using Abuscreen Ontrak, Roche Diagnostic
Systems, Mijdrecht, The Netherlands); or for MDMA, MDA or
MDEA (using TDx, Abbott, Amstelveen, The Netherlands). Corti-
sol and prolactin samples were obtained hourly for 7 h and mea-
sured as described previously (Gijsman et al. 1998). To check
whether differences in dexfenfluramine effects could be related to
underlying differences in drug disposition, serum concentrations
of dexfenfluramine and of its most important metabolite nor-dex-
fenfluramine were measured by gas-liquid chromatography with
mass selective detection. The detection range was 1–100 ng/ml.

Data analysis

Differences between the three groups in cognitive and psychologi-
cal parameters were analysed by Student’s t-test. For significant

between-group contrasts, potential confounding variables were en-
tered collectively into an analysis of covariance to investigate
whether a change in size of the contrasts could be induced. These
variables were: use of alcohol per day; cannabis (lifelong cumula-
tive use, and frequency of use in previous 3 months); amount of
time since last use of ecstasy; BDI score; STAI-DY score; retro-
spective ADHD criteria; school level.

The effects of dexfenfluramine were summarised by subtract-
ing the time-corrected area under the effect curve (AUEC) under
placebo from the AUEC under dexfenfluramine. All three possible
comparisons between groups were made by two-tailed Student’s t-
tests. For significant between-group contrasts, potential confound-
ing variables were entered into an analysis of covariance, to inves-
tigate whether a change in size of the contrasts could be induced.
These variables were: body weight, daily use of alcohol, cannabis
(lifelong cumulative use, and frequency of use in previous 3
months); time since last use of ecstasy; AUC (nor)dexfenflur-
amine; TCI subscales reward dependence, harm avoidance and
novelty seeking; BDI score; STAI-DY score, retrospective ADHD
criteria. Calculations were performed using SPSS for Windows
V6.1.2 (SPSS, Inc., Chicago, Ill., USA). All P-values are two-
tailed and an alpha level of 0.05 was used throughout.

Results

Demographics and substance use

Demographics for the three participant groups are provided
in Table 1. There were no significant differences in age,
body weight or level of education. On average, the heavy
ecstasy user group visited more rave parties in the previous
year than the other two groups, but the differences were
not statistically significant. Table 2 shows that the differ-
ence in mean cumulative lifelong ecstasy use between the

Table 1 Demographics
Non-users (n=20) Moderate users (n=21) Heavy users (n=21)
Mean (SD) Mean (SD) Mean (SD)

Age 20.6 (2.2) 22.1 (2.3) 21.7 (2.8)
Body weight 73.8 (11.1) 74.9 (8.4) 71.5 (10.7)
Number of rave parties 32.5 (24.9) 33.5 (25.2) 47.0 (31.8)
visited in past 12 months

Number Number Number

Level of education
Lower general or vocational 1 3 7
Intermediate 6 7 5
At least preuniversity 13 11 9

Table 2 Characteristics of
ecstasy use Moderate users (n=21) Heavy users (n=21)

Mean (SD) Mean (SD)

Lifelong cumulative number of ecstasy tablets 169 (252) 741 (678)a

Lifelong number of occasions of ecstasy use 73 (68) 230 (170)a

Lifelong average number of ecstasy tablets 2.0 (1.1) 3.1 (1.1)b

per occasion
Duration of use in years 4.4 (2.4) 4.5 (1.8)
Days since last ecstasy use prior to 15.7 (9.5) 9.0 (7.5)c

psychometric testing
Days since last ecstasy use prior to 28.1 (8.8) 19.0 (8.6)b

dexfenfluramine challenge
Differences in means between
moderate versus heavy users
aP<0.001, bP<0.01, cP<0.05
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two groups of ecstasy users was mainly due to a difference
in the number of occasions on which ecstasy was ever
used. The average number of ecstasy tablets taken on these
occasions was also elevated in heavy users compared to
moderate users. Time lapsed since first use of ecstasy did
not differ between moderate and heavy ecstasy users. 

As shown in Table 3, heavy ecstasy users consumed
somewhat less alcohol than moderate users, but this differ-
ence was not statistically significant. Ecstasy users con-
sumed more cannabis and cocaine than non-users, but
there were no differences between the two groups of ecsta-
sy users. Heavy ecstasy users took more amphetamine than
the other two groups, but the use of amphetamines other
than ecstasy was limited by the entry criteria of the study.

In order to evaluate whether our participants were
representative samples for their peer-group, the data
were compared to the results obtained in a large-scale
survey among 1121 rave party visitors (Van de Wijngaart
et al. 1998). Our study groups were somewhat better ed-
ucated than rave party visitors in general, but no other
differences were found in social background, party visit-
ing behaviour, or use patterns of ecstasy and other drugs.
The character, frequency and severity of self-reported
transient and prolonged complaints following ecstasy use
or rave party visits in the study groups did not differ

from those reported in the general population of visitors
of rave parties (Van de Wijngaart et al. 1998).

Psychopathology

As shown in Table 4, the mean score for depressive mood
was somewhat higher in heavy ecstasy users than in non-
and moderate users. The same applied to the mean score
for trait anxiety. However, these differences were not sig-
nificant, when all the likely confounding variables were
considered (with school level and hyperactivity in youth
as most important confounding variables). The number of
criteria for ADHD before the age of 15 years did not dif-
fer between the three groups. The psychological profiles
determined with the TCI, BIS-11 and BDHI scales were
very similar over the three groups, although ecstasy-users
scored somewhat higher on novelty seeking.

Cognitive performance

Results of the cognitive tests are provided in Table 5.
Reaction times were longest in the heavy user group and
lowest in the non-user group, with the moderate group in
between. These differences in reaction times diminished

Table 3 Additional drug use
patterns Non-users (n=20) Moderate users (n=21) Heavy users (n=21)

Mean (SD) Mean (SD) Mean (SD)

Alcohol 1.3 (0.9) 1.4 (1.0) 0.9 (0.6)
(last 3 months, units/day)
Cannabis 379 (1190) 1890 (2620)a 1850 (2700)b

(lifetime total number of joints)

Number Number Number

Cannabis (last 3 months)
Never 14 3 7
Once per week or less 2 8 7
More than once per week 4 10 7

Amphetamine (last 12 months)
Never 19 10 0
Once per month or less 1 8 8
Few times per month 0 3 8
Once per week 0 0 5

Cocaine (last 12 months)
Never 20 7 7
Once per month or less 0 14 14

Differences in means between:
aNon-users versus moderate us-
ers (t=2.35, df=39, P=0.02)
bNon-users versus heavy users
(t=2.23, df=39, P=0.03)

Table 4 Psychopathology

Non-users (n=20) Moderate users (n=21) Heavy users (n=21)
Mean (SD) Mean (SD) Mean (SD)

Mood inventories (possible range of scores)
Depressive mood (BDI) (0, 63) 3.0 (3.7) 3.9 (3.3) 7.0 (6.3)
Trait anxiety (STAI-DY) (20, 80) 32.1 (7.0) 33.5 (6.9) 38.8 (10.4)
ADHD before age 15, number of DSM-IV criteria
Attention deficit disorder (0, 9) 1.7 (1.9) 2.5 (2.4) 2.9 (2.8)
Hyperactivity disorder (0, 9) 2.2 (2.5) 3.0 (2.5) 3.3 (2.2)
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after analyses of covariance, mainly due to school level
and BDI score.

Corsi Block memory span in ecstasy users was signifi-
cantly less than in non-users. The difference between the
two groups of ecstasy users was not statistically significant.

Serially presented words were recognised less well by
heavy ecstasy users than by non users; a difference of
2.6 words (95%CI 0.3–5.0). Moderate and heavy ecstasy
users showed a similar difference of 2.6 (95%CI
0.2–5.0) words. For simultaneous word recognition the
differences were even more pronounced. The difference
between non-users and moderate ecstasy users just failed
to reach statistical significance [0.9 (95%CI 0.1–1.8)
words], but the heavy ecstasy user group clearly differed
from non-users [2.6 (95%CI 1.1–4.0) words]. Heavy us-
ers also performed less well than moderate ecstasy users
[a difference of 1.7 (95%CI 0.2–3.3) words]. After serial
presentation of figures, non-users recognised 2.8 (95%CI
0.8–4.9) figures more than moderate ecstasy users, and
3.2 (95%CI 0.6–5.9) figures more than heavy users. Af-
ter simultaneous presentation of figures, non-users re-
cognised 2.7 (95%CI 0.7–4.7) figures more than moder-
ate ecstasy-users, and 3.6 (95%CI 1.8–5.5) figures more
than heavy users. Analyses of covariance showed that
none of the potential confounders had any relevant im-
pact on the above-mentioned differences between groups
in memory span and recognition.

For all tests, the number of missed items and the reac-
tion times for correct or incorrect items were comparable
among the three groups.

Serotonergic function

The areas-under-the-concentration-curves (AUCs) of
dexfenfluramine did not differ significantly between the
three groups. The AUC for dexfenfluramine was
6050 ng.ml–1·min (SD 1390) in non-users,
5360 ng.ml–1·min (SD 1390) in moderate users, and
5280 ng.ml–1·min (SD 1410) in heavy ecstasy users. The
AUC for nor-dexfenfluramine was 2780 ng.ml–1·min

(SD 540) in non-users, 2450 ng.ml–1·min (SD 460) in
moderate users, and 3000 ng.ml–1·min (SD 1040) in
heavy ecstasy users. The difference between the latter
two groups was significant (t=2.22, df=40, P=0.03).

Table 6 shows the neuroendocrine effects of the chal-
lenge test. For cortisol, the mean placebo-corrected area
under the effect curve (AUEC) was significantly higher in
the non-user group compared to the moderate user group
[difference 34.7 ng/ml (95%CI 11.0–58.4 ng/ml)] and the
heavy ecstasy user group [36.2 ng/ml (95%CI
3.9–68.5 ng/ml)]. There were no statistically significant
differences between the two ecstasy user groups. After
correction for likely confounding variables, including cor-
rection for the AUCs of dexfenfluramine and nordexfen-
fluramine, the differences between ecstasy users and non-
users remained significant. The AUEC of cortisol correlat-
ed significantly with memory span (with “span” r=0.29,
n=62, P=0.02; with “span plus one” r=0.26, n=62,
P=0.04), but not with the scores on the recognition tests.

For prolactin, the placebo-corrected AUECs were also
highest in the non-user group and lowest in the heavy us-
er group, but the differences between groups failed to
reach statistical significance. The placebo responses
were highly variable, probably related to diurnal fluctua-
tions and adverse events such as nausea and fatigue. Cor-
rection of the prolactin responses for the AUCs of dex-
fenfluramine and nordexfenfluramine did not have any
relevant effect on the results.

Table 5 Cognitive perfor-
mance – reaction time (in ms),
recall and working memory
(total of correct items)

Non-users (n=20) Moderate users (n=21) Heavy users (n=21)
Mean (SD) Mean (SD) Mean (SD)

Reaction time
Simple visual stimuli, ms 246 (27) 258 (37) 273 (39)b

Simple auditory stimuli, ms 224 (23) 239 (33) 247 (36)a

Binary choice task, ms 326 (42) 347 (64) 364 (72)a

Memory span
Span 6.1 (1.3) 5.2 (1.2)c 5.0 (1.1)b

Span plus one’ 6.4 (1.1) 5.7 (1.0)c 5.5 (0.9)a

Recognition of words
Serial 18.8 (2.9) 18.8 (3.2) 16.2 (4.3)b,e

Simultaneous 22.1 (1.2) 21.2 (1.8) 19.5 (3.0)a,e

Recognition of figures
Serial 18.8 (2.8) 15.9 (3.6)d 15.5 (5.2)b

Simultaneous 16.2 (2.9) 13.5 (3.4)d 12.5 (3.0)a

Differences in means between:
Non-users versus heavy users
aP<0.05, bP<0.01
Non-users versus moderate
users cP<0.05, dP<0.01
Moderate versus heavy users
eP<0.05

Table 6 Cortisol and prolactin response to dexfenfluramine

Non-users Moderate users Heavy users 
(n=20) (n=21) (n=21)
Mean (SD) Mean (SD) Mean (SD)

Placebo-corrected area-under-the-effect-curve, time-corrected, ng/ml
Cortisol 63.3 (41.3) 28.6a (33.5) 27.1b (58.9)
Prolactin 83.3 (71.3) 63.2 (55.6) 53.5 (75.4)

Differences in means between:
aNon-users versus moderate users (t=2.96, df=39, P=0.005)
bNon-users versus heavy users (t=2.27, df=39, P=0.03)
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Discussion

This study shows significant associations of chronic ec-
stasy use with diminished memory performance and se-
rotonergic neuroendocrine function. These memory re-
ductions are in line with findings of others in humans
(Krystal et al. 1992; Bolla et al. 1998; Parrott and Lasky
1998; Parrott et al. 1998; McCann et al. 1999; Morgan
1999) and animals (Marston et al. 1999).

Neuroendocrine effects were significant for cortisol but
not for prolactin, which was partly related to the larger
variability of the latter. Gerra et al. also found more pro-
nounced effects of dexfenfluramine on cortisol than on pro-
lactin in ecstasy users (Gerra et al. 1998), and similar find-
ings were obtained in rats (Poland et al. 1997). The find-
ings of our study are compatible with a neurotoxic effect of
ecstasy as demonstrated in several animal species (Green et
al. 1995), as well as with recent neuro-imaging findings of
a decreased number of serotonin transporters in human us-
ers of ecstasy (McCann et al. 1998; Semple et al. 1998).

However, this was a cross-sectional study, and other
potential explanations or biases should be considered.
We minimised the influence of psychosocial factors by
taking a control group from the population of rave party
visitors. This differs conspicuously from most previous
studies, where controls came from a university or gener-
al population (Bolla et al. 1998; Gerra et al. 1998; Parr-
ott et al. 1998; McCann et al. 1999). In the current study,
self-selection of participants with concerns over physical
or psychological complaints does not seem to have oc-
curred, since these complaints were not more frequent in
our study group than in the general population of visitors
of rave parties. Additionally, none of the psychosocial
variables induced a significant change in size of the re-
ductions in memory or neuroendocrine responsiveness.

Acute effects of ecstasy were avoided as much as pos-
sible. Urine screening was performed to detect concealed
recent ecstasy use. The mean period between the last use
of ecstasy and cognitive testing was almost 16 days in
moderate ecstasy users and 9 days in heavy users, and
never less than 2 days. In addition, the neuroendocrine re-
sponsiveness to dexfenfluramine was still reduced after
an abstinence period of on average 28 days in moderate
users and 19 days in heavy users (at least 1 week). Fur-
thermore, the influence of the time since last use of ecsta-
sy was statistically controlled for, and found to be absent.

Theoretically, the functional deterioration found in this
group of ecstasy users could be due to other drugs. How-
ever, alcoholics and regular users of cocaine or opiates
were excluded. Amphetamine cannot completely be ex-
cluded as a cause, but in animals amphetamine damages
the dopaminergic system and not the serotonergic system
(Ricaurte and McCann 1992). Cannabis was widely used
in all three groups and considerably more by ecstasy users
than non-users. However, use of cannabis cannot explain
the cognitive and neuroendocrine differences between the
moderate and heavy ecstasy user groups, since their cu-
mulative cannabis use was equal. Furthermore, it is un-
likely that the differences in memory span between users

of ecstasy and non-users are related to a more frequent use
of cannabis amongst the two groups of ecstasy users com-
pared to controls, since memory appears only impaired in
participants with an average weekly use of 7 times or
more (Block and Ghoneim 1993). In our group, only four
moderate and five heavy ecstasy users reported daily use
of cannabis, and the average frequency was no more than
a few times per month. Analyses of covariance showed no
influence of cumulative or recent use of any drug other
than ecstasy. Recently, Rodgers (2000) reported impair-
ment on measures of delayed memory for regular users of
ecstasy compared to regular users of cannabis.

It cannot be determined which ecstasy component is
responsible for the detrimental effects. In the Nether-
lands, methylenedioxyamphetamines (MDMA, MDA
and MDEA) were found in 76.8–90.2% of these tablets
in the period 1993–1996 (Konijn et al. 1997). These sub-
stances are therefore the most likely cause of the appar-
ent ecstasy effects found in this study.

Self reported estimates of previous drug use have a
considerable degree of inaccuracy, and the exact
amounts of long-term previous drug use cannot be deter-
mined retrospectively in a cross-sectional study. Howev-
er, several precautions allowed us to make a semi-quanti-
fied assessment of the relationship between drug expo-
sure and effects. Standardised interviews were used to
obtain the most reliable indications of previous drug use.
In addition, we used wide ranges for the amounts of pre-
vious drug use to separate the three groups.

In conclusion, the present study showed significant
associations of chronic ecstasy use with impairment of
memory and serotonergic neuroendocrine function. The
clinical relevance of this impairment cannot be easily de-
termined, but the fact that it is detectable at all in a rela-
tively small cohort should be worrying in itself. A pro-
spective randomised study of the pure substances in-
volved would be necessary to determine the cause of the
effects and how long they last after withdrawal. Such a
study is obviously impossible. In addition to recent find-
ings, our data provide sufficient grounds for major con-
cerns about the extensive use of ecstasy tablets every
weekend in so many Western countries (Saunders 1995).
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