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Abstract

There is important preclinical evidence of long lasting neurotoxic and
selective effects of ecstasy MDMA on serotonin systems in non-human
primates. In humans long-term recreational use of ecstasy has been
mainly associated with learning and memory impairments.  The aim of
the present study was to investigate the neuropsychological profile asso-
ciated with ecstasy use within recreational polydrug users, and describe
the cognitive changes related to maintained or variable ecstasy use
along a two years period. We administered cognitive measures of
attention, executive functions, memory and learning to three groups
of participants: 37 current polydrug users with regular consumption of
ecstasy and cannabis, 23 current cannabis users and 34 non-users free
of illicit drugs. Four cognitive assessments were conducted during two
years. At baseline, ecstasy polydrug users showed significantly poorer
performance than cannabis users and non-drug using controls in a

measure of semantic word fluency. When ecstasy users were classified
according to lifetime use of ecstasy, the more severe users (more than
100 tablets) showed additional deficits on episodic memory. After two
years ecstasy users showed persistent deficits on verbal fluency, working
memory and processing speed. These findings should be interpreted with
caution, since the possibility of premorbid group differences cannot be
entirely excluded. Our findings support that ecstasy use, or
ecstasy/cannabis synergic effects, are responsible for the sub-clinical
deficits observed in ecstasy polydrug users, and provides additional evi-
dence for long-term cognitive impairment owing to ecstasy consumption
in the context of polydrug use.
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Introduction

MDMA (3,4-methylenedioxymethamphetamine) or ecstasy is a
ring-substituted amphetamine and currently one of the most popu-
lar recreational synthetic drugs in Europe and the USA (Parrott,
2001). The word ‘ecstasy’ rather than MDMA has been adopted
throughout the manuscript when referring both to acute and long
lasting effects, as the latter term implies the administration of a
pharmaceutically pure drug when in fact subjects are consuming
street ecstasy that may or may not contain any MDMA. Ecstasy has
a distinct pharmacological profile from classical hallucinogens and
stimulants that led some researchers to propose ecstasy as a probe
of a new drug class: entactogens. These drugs have specifically the
ability to induce empathy (Morgan, 2000). Acute psychological
positive effects induced by ecstasy include euphoria, feelings of
intimacy, heightened arousal, self-confidence, increased sensory
sensitivity and openness to new ideas (Camí, 2000). Onset of
rebound effects appears within 24–48h after ingestion and includes
fatigue, anhedonia, irritability, low mood, rebound midweek
depression, concentration and memory difficulties (Morgan, 2000).
In comparison to other illicit drugs, ecstasy shows few indications
of physical dependence or drug craving (Parrott, 2001).

There is preclinical evidence of the neurotoxic and selective
effects induced by ecstasy on serotonin systems in a great variety
of mammalian species (Green et al., 2003). These consist in a long-
lasting degeneration of serotonergic axons, and decreases in brain
5-HT and 5-HIAA concentrations in several regions of the fore-
brain, including neocortex, hippocampus, caudate nucleus, puta-
men and thalamic nuclei. Because there is empirical evidence for
neural damage after high and repeated dosing in animals (Ricaurte
et al., 2000), there is concern that the cumulative doses ingested by
moderate recreational users over a long period of time could induce
similar neurotoxic effects. Accordingly, initial studies in humans
have demonstrated that ecstasy use is associated with selective
decrements in 5-HIAA concentration (Bolla et al., 1998) and sero-
tonin transporters (SERT) availability (Buchert et al., 2003;
Reneman et al., 2000; Semple et al., 1999; Thomasius et al., 2003)
and with blunted neuroendocrine response to 5HT-agonist chal-
lenges (Verkes et al., 2001). However, a recent study has shown that
the reduced SERT can be restored in abstinence (Thomasius et al.,
2006) and more research is needed to set this issue.

The neurodegeneration of the serotonergic system may have
subtle but important long-term effects on cognition and mood. In
agreement with this notion, several studies have revealed residual
neurocognitive deficits in recreational and long-term users of
ecstasy. Available evidence indicates that long-term ecstasy use is
mainly associated with deficits in memory and executive functions.
On the one hand, several studies have detected a relatively selective
profile of memory impairment (sparing other cognitive functions)
in current and abstinent users of ecstasy (Bolla et al., 1998; Morgan
et al., 2002; Gouzoulis-Mayfrank et al., 2000, 2003; Rodgers J
2000; Fox et al., 2002; McCardle et al., 2004; Medina et al., 2005).
Furthermore, most of these studies have shown dose-related cumu-
lative effects of lifetime ecstasy exposure on memory performance.
Therefore, it has been proposed that ecstasy use is associated with
specific damage to the medial temporal lobes and the hippocampus

(Fox et al., 2002; Gouzoulis-Mayfrank et al., 2003). On the other
hand, a number of studies have pointed out specific effects of ecstasy
use on executive functions. However, executive functions are not a
unitary construct (Miyake et al., 2000) and recent evidence indi-
cates that ecstasy use can be associated with impairment of some
executive processes, while others remain unaffected. Specifically,
long-term users of ecstasy usually present prominent deficits in the
processes of working memory (Verkes et al., 2001; Fisk et al.,
2004; Wareing et al., 2000, 2004a, 2004b; Montgomery et al.,
2005; Reay et al., 2006), categorization and organization of
mnemonic material (Fisk et al., 2005; Quednow et al., 2006a) and
verbal fluency (Bhattachary and Powell, 2001; Hefferman et al.,
2001; Fox et al., 2002; Montgomery et al., 2005). These deficits
have been associated with prefrontal cortex dysfunction. To a lesser
extent, deficits of attention and speed of processing have been as
well associated with long-term ecstasy use (Croft et al., 2001;
Gouzoulis-Mayfrank et al., 2001; Hanson and Luciana 2004).
Thus, delimitation of the neurocognitive correlates of ecstasy use is
still an open question with relevant implications for the clinical and
social impact of these deficits.

Moreover, little is known about the persistence of ecstasy
induced neurocognitive deficits in the long-term, to the point that at
present we cannot predict the extent of the impact of regular use of
ecstasy on the middle-age of the average ecstasy user. Cross-
sectional studies indicate that memory and executive functions
deficits are persistent even after abstinence periods ranging from
three to 11 months (Morgan 1998; Gouzoulis-Mayfrank et al., 2000,
2003; Wareing et al., 2000, 2004a, 2004b). However, longitudinal
designs are more appropriate to grasp the evolving nature of these
deficits in groups of ecstasy users who continue or discontinue drug
use. Along these lines, Zakzanis and Young (2001) demonstrated a
significant decline of memory functioning after one year follow-up
in ecstasy users who continued using the drug. In contrast,
Thomasius et al., (2006) found that memory disturbances remained
stable (failed to improve but they did not deteriorate either) despite
recovery of SERT availability in both current and former ecstasy
users after more than two years’ follow-up. Similarly, Gouzoulis-
Mayfrank et al. (2005) compared two groups of ecstasy users who
continued versus stopped using the drug over the course of 18 months
and found that memory deficits were quite stable in both groups.
Despite stability of behavioural measures, a recent neuroimaging
study revealed that ecstasy users who continue consumption tend to
present abnormal patterns of parietal activation (when compared
with ecstasy users who quitted) during performance on a working
memory task (Daumann et al., 2004a). In view of conflicting
results, more research is needed to clarify this issue.

Another relevant challenge in the investigation of the neurocog-
nitive correlates of ecstasy use is that of delimitation of the effects
associated with other co-abused substances, mainly cannabis.
Because the majority of ecstasy users are also heavy users of
cannabis, both substances could have interactive effects (aggregated
or protective) on neurocognitive performance (Gouzoulis-Mayfrank
and Daumann, 2006). Along these lines, several studies have inves-
tigated the differential effects of both substances by comparing
groups of combined ecstasy/cannabis users with cannabis users and
drug-naïve controls. These studies have yielded conflicting outcomes.
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On the one hand, several studies have proposed that the neurocog-
nitive deficits of ecstasy polysubstance users are mainly associated
with concurrent cannabis use (Croft et al., 2001; Simon and
Mattick 2002; Dafters et al., 2004; Lamers et al., 2006). On the
other hand, recent studies have revealed greater neurocognitive
impairment in memory and executive functions in ecstasy/cannabis
users when compared with cannabis users (Gouzoulis-Mayfrank
et al., 2000; Rodgers 2000; McCardle et al., 2004; Quednow et al.,
2006b). The latter finding clearly point to ecstasy induced selective
impairments after controlling for cannabis co-abuse. Several fac-
tors associated with history of drug use and patterns of consump-
tion may be associated with variability of results. Ecstasy studies
are subject to numerous methodological problems: inadequate sam-
pling and verification of drug histories, varying degrees of control
for the possible influence of other illicit drugs and lack of baseline
data concerning premorbid levels of functioning (Morgan 2000).
Most previous studies have failed to fully control for these variables.

The main aims of this study were: (i) to examine the neurocog-
nitive profile associated with long-term use of ecstasy in a sample
of Spanish recreational polysubstance users; (ii) to examine differ-
ential effects of combined ecstasy/cannabis use, with regard to
cannabis use alone on neurocognitive performance; and (iii) to
assess changes in neurocognitive performance in ecstasy users due
to variability of drug use over the course of two years. According to
existing evidence, we hypothesize that: (i) ecstasy/cannabis poly-
substance users will present a neurocognitive profile consistent
with fronto-temporal dysfunction; (ii) ecstasy/cannabis polysub-
stance users will present greater neurocognitive deficits than
cannabis users and drug naive controls; and (iii) neurocognitive
deficits will remain stable or decline over the course of two years in
the ecstasy polysubstance users.

Methods

Participants

One-hundred seventeen participants were recruited, of whom 37
were ecstasy polydrug users, 23 were cannabis users and 34 were
non-users. Other 23 participants were excluded from the present study
because their drug use patterns did not match inclusion criteria. All
participants were healthy, self-reporting an adequate functioning
within their social and professional context, and were comparable
in terms of years of education and socioeconomic status. As for
drug users, subjects were not seeking for drug abuse treatment.
Participants were recruited through several sources: ´word of mouth´
notices in the local area, advertisement in the local university and
advertisement in a local NGO (Energy Control) specialized in pro-
viding harm reduction guidelines among drug users. All were
screened in a telephone interview to determine drug history.
Subjects with neurological, relevant medical disease and current
psychiatric histories were excluded.

As for the different groups, other exclusion criteria were
applied: for cannabis group, current history of regular use of other
illegal psychotropic drugs with the exception of cannabis during
last year, as well as past use of illegal drugs for more than five occa-
sions; and for non-users current history of use of any illegal drugs

during the past year and past use of illegal drugs in more than five
occasions. Alcohol and nicotine were allowed. As for the ecstasy
group, because it was impossible to recruit exclusive ecstasy users, it
was decided to include ecstasy consumers with moderate use of other
illicit drugs, being ecstasy the main psychostimulant drugs abused.

Test procedure

This study was approved by and conducted in accordance with the
local ethics committee (CEIC-IMAS). Upon arrival to the research
centre (IMIM, Institut Municipal dÍnvestigació Mèdica), subjects
were informed of the ensuing protocol and gave their written
informed consent before participating in the study.

Testing consisted of drug history, medical checking, drug
screens, biochemical analyses, psychiatric and neuropsychological
assessments. After completing testing, all subjects were economi-
cally compensated for their participation. All participants underwent
a neuropsychological assessment session of 90 minutes. They com-
pleted all tasks in a quiet comfortable room. Several evaluations
were carried out during two years: baseline measures at study onset,
and after 6, 12 and 24 months. For the aims of this study, we will
mainly report results obtained at baseline (t1) and after 24 months
(t4). During this time period, subjects were reclassified among the
three groups according to changes in their pattern of drug use. From
the 94 subjects that started the study, after 24 months 60 participants
remained in the study: 22 ecstasy polydrug users, 13 cannabis users
and 25 non-users. Other 25 subjects left the study. No statistically
significant age, gender, level of education and pattern of drug use
differences were found between subjects who finished the follow-up
period and those that dropped-out within each group.

Abstinence period was not strictly delimitated, although all par-
ticipants were requested to observe a 72 h abstinence period. Owing
to this fact, urine drug screens were carried out by immunoassay
(CEDIA, Microgenics) in all subjects prior to neuropsychological
testing in order to avoid acute effects. Drug classes screened for
included: cannabis, ecstasy, cocaine and amphetamine/metham-
phetamine. Drug screens were performed also in hair samples by
segmental analysis (last month, previous six months and last year)
for the same drug classes in order to verify self-reported drug con-
sumption history. This procedure allowed us to reliably classify par-
ticipants into the different subgroups according to the pattern of
drug use (ecstasy/cannabis versus cannabis).

Neuropsychological tests

Premorbid intelligence estimation Vocabulary subtest (from the
WAIS-III, Spanish version, Wechsler, 1997). Subjects are required
to provide definitions to 33 words with increasing difficulty. The
accuracy of word knowledge provides a good estimation of premor-
bid IQ and the test was used to control for pre-existing differences
in general cognitive capacity between groups, which could be clin-
ically relevant.

Attention measures California Computerized Assessment
Package CALCAP (Miller, 1990). We used a selection of subtests
included in the standard version, which consisted of a series of
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simple and choice reaction time measures administered by a com-
puter. All tasks are designed to be self-explanatory. Several cognitive
domains were assessed: basal measure of reaction time (simple RT),
recognition memory (choice RT-digits) and divided attention
(sequential RT2).

Executive functions Tower of London (TOL). (Shallice, 1982).
This test requires the movement of three different coloured balls
across three different size pegs in order to duplicate a goal config-
uration. Movements must follow strict rules. Scores for planning
time (latency), solution time and total number of moves needed to
complete the configuration are obtained, providing a good meas-
ure of planning ability.

Word fluency (Ramier, 1970, 1977; Benton and Hamsher, 1983).
Subjects are asked to generate as many words as possible in one
minute belonging to the specified category of ‘animals’. High
scores indicate greater verbal fluency.

Symbol Digit Modalities Test (Smith, 1973). This task involves
the conversion of meaningless geometric designs into written
Arabic number responses within 90 seconds. Answers must follow
the correspondence shown in a visual key. The test involves the
integration of visual, motor and executive functions and provides a
good measure of processing speed.

Memory and learning California Verbal Learning Test II (Delis
et al., 2000). The test consists on a list of 16 words, which is read
out to the examinee in five occasions. Following, the subject must
repeat as many words as remembered each time. Following, the
subject is required a short-term recall after interference list in a free
and cued recall trial. After 20 minutes a free and cued recall are
requested again. Last task consists in the recognition of the original
list among another extensive list words. Measures of total learning,
immediate and delayed recall and recognition are obtained.

Rey complex figure test (Rey, 1941). This test involves a copy trial
of a complex figure stimulus, followed by a three minute immediate
recall and a 30 minute delayed recall, where subjects are requested to
redraw the memorized complex stimulus. Scores in immediate and
delayed recalls provide a good measure of visuo-spatial memory
performance.

Corsi block tapping subtest (from the WAIS-III, Weschler, 1997).
Subjects must memorize and reproduce a sequence of spatial locations
demonstrated by the examiner. Examinee has to touch the prearranged
wooden blocks first in the same order, and backwards later on. Length
of the sequence increases with the subject’s success. Direct sequence
measures attention span, whereas backward sequence is predominantly
a measure of visual working memory span.

Letter number sequencing subtest (from the Wechsler Memory
Scale III, Wechsler, 1997). Subjects are required to listen to a series
of numbers and letters with randomized presentation, then repeat
them back, giving numbers first following numerical order and
after letters alphabetically arranged. The length of the series
increases with the subject’s success. Higher scores provide a good
measure of verbal working memory span.

Statistical analyses

The comparison of the three groups (Ecstasy, Cannabis and Control)
with respect to socio-demographic characteristics and drug con-
sumption at baseline was carried out by means of one-way ANOVA
(F-test) for continuous variables and the �2-test for categorical vari-
ables, respectively. The t-test for paired observations was applied in
order to check whether drug consumption habits changed signifi-
cantly between baseline and the last evaluation after 24 months
within each group. To compare the neuropsychological test results
among the three groups at baseline, ANCOVA models were used
adjusting for gender and premorbid intelligence.

Given the fact that neuropsychological test scores at baseline
did not differ significantly between the cannabis group and con-
trols, longitudinal analyses for these variables were carried out for
ecstasy users and controls only. The linear mixed models used
adjusted for sex, premorbid intelligence and evaluation month
(baseline, 6, 12 and 24 months) treating the latter variable as a fac-
tor. A possible group per time interaction was considered in order
to check for possible differences in time trends between the two
groups. Whenever this interaction was non-significant, it was
removed from the model in order to reduce the number of the
model parameters. Longitudinal analyses included only those
ecstasy/cannabis and control subjects who showed up at all four
evaluations, and diagonal matrices were chosen to model the
covariance structure of the repeated measures. The same type of
model was used to examine the effect of age at first cannabis con-
sumption (15 years and younger/ older than 15 years). For this aim,
models included all subjects from the ecstasy/cannabis and
cannabis group.

At baseline, we also had a closer look at the importance of life-
time consumption of ecstasy. Pearson’s correlation coefficient was
used to measure the linear association between lifetime ecstasy
consumption (measured in tablets) and neuropsychological test
results. At a multivariate level, three groups were compared: con-
trols, moderate users (1 through 100 ecstasy tablets), and heavy
users (more than 100 tablets). The ANCOVA models applied
included gender and premorbid intelligence as further covariates.

Results were considered statistically significant whenever
P � 0.05. In all ANCOVA models, post hoc pairwise comparisons
between categories of drug consumption were carried out using the
Sidak adjustment for multiple comparisons (Hochberg and
Tamhane, 1987).

Even though we talk of the ecstasy, cannabis, and control group,
we are aware of the fact that subjects of the first group did also
consume cannabis.

Results

Demographic and drug use data

Sociodemographics of the participants are provided in Table 1. No
significant differences were observed regarding years of education
and employment status. Mean age in the ecstasy group was signifi-
cantly higher (P � 0.029) than in the other two groups (23.6 versus
22 years). The proportion of individuals with a university degree or
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studying at university was lower in the ecstasy group (67.6%) than
in the control (97.1%) and cannabis (87%) groups (P � 0.004).
Scores on the Vocabulary test (WAIS III index score) were worse in
the ecstasy group (P � 0.017) at baseline and this group difference
persisted after 24 months. Concerning gender, the proportion of
males was higher in the ecstasy group (19 out of 37); however, there
were no significant differences between groups.

In Table 2, drug use patterns are shown, considering alcohol,
tobacco, cannabis and ecstasy consumption. At baseline, the ecstasy
group shows a mean total ecstasy lifetime consumption of 206 tablets
(SD � 228.3) over 5.5 years on average (SD � 3.4), having started
first use at the age of 18.1 (SD � 3.5). Mean frequency of con-
sumption during the six months prior to testing was 10.5 days
(SD � 10.8). Concerning alcohol consumption, on average, con-
trols were significantly older (P � 0.001) at onset of alcohol use, 
in comparison to subjects from both other groups. In addition, 
frequency of consumption (days of use during the last six months
prior to the evaluation) was lower (P � 0.001). There were more
smokers in the ecstasy group (P � 0.001), the age of onset of use
was younger (P � 0.006) and the number of cigarettes smoked
higher (P � 0.04) when compared with the other two groups.
Comparing ecstasy and cannabis groups in terms of cannabis con-
sumption, a higher use was observed in the ecstasy group during
the last six months (P � 0.006). The age at onset of use was very
similar (P � 0.26) between both groups, but since the mean age in
ecstasy users was higher, a longer mean lifetime consumption of
cannabis was observed in ecstasy users at baseline (P � 0.01). In
addition, ecstasy users showed a more frequent consumption of
cannabis, which is translated in a higher mean number of joints

during lifetime than the cannabis group (P � 0.01). In addition,
among ecstasy users, consumption of other drugs was recorded (but
is not presented in Table 2): 34 (91.9%) subjects had used at least
once cocaine; 27 (73.0%) speed; 26 (70.3%) LSD; 8 (21.6%) keta-
mine; 5 (13.5%) GHB and one (2.7%) heroin. Among the cannabis
and control group, no one had used these drugs before.

Drug consumption over time

After 24 months, the 20 ecstasy users left in the study showed a
decrease in the ecstasy frequency of use (5.7 versus12.4 days dur-
ing the past six months, P � 0.02), and similar patterns of cannabis
(P � 0.82), tobacco (P � 0.60) and alcohol consumption
(P � 0.46). Concerning tobacco and alcohol consumption, the
same was observed among the subjects in the cannabis and control
group (P � 0.2 in all cases), whereas the decrease of cannabis con-
sumption among the cannabis group (56.0 versus 75.0 days during
the past six months) was borderline significant (P � 0.057).

Neurocognitive performance: cross sectional 
analysis at baseline

The results of the neuropsychological tests at baseline in the three
groups are shown in Table 3. All groups performed within the nor-
mal range in baseline scores according to published tests norms.
However, ANCOVA models revealed significant overall group 
differences with respect to semantic word fluency (P � 0.014).
Post hoc analyses in this measure revealed that the ecstasy group
performed at a significant lower level than non-users.

Table 1 Sociodemographic characteristics at baseline

Ecstasy (n � 37) Cannabis (n � 23) Control (n � 34) P-value

Age 23.6 (3.5) 22.0 (1.9) 22.0 (2.6) 0.029
Males 19 (51.4%) 8 (34.8%) 9 (26.5%) 0.091
Years of education 14.7 (2.8) 14.3 (2.6) 15.2 (1.7) 0.406
University degreea 25 (67.6%) 20 (87%) 33 (97.1%) 0.004
Employment status 0.244

Student 23 (62.2%) 18 (78.3%) 29 (85.3%)
Employed 10 (27%) 4 (17.3%) 4 (11.8%)
Unemployed 4 (10.8%) 1 (4.4%) 1 (2.9%)

Vocabulary WAIS-III (Index score)
Baseline 11.1 (2.2)b 12.4 (2.3)b 12.6 (2.3)b 0.017
After 24 monthsc 12.5 (2.6) 13.5 (2.0) 14.6 (2.1) 0.007

Results are presented as mean (standard deviation) for continuous variables and absolute frequency (relative frequency)
for categorical variables.
P-values result from either F-test (continuous variables) or �2-test.
aIncluding students.
bScores among subjects with follow-up to 24 months: ecstasy, 12.0 (1.9); cannabis, 12.4 (2.4); control, 12.2 (1.7); 
P-value (F-test): 0.849.
cn � 20 (ecstasy); n � 13 (cannabis); n � 26 (control).
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Table 3 Neuropsychological test scores at baseline

Ecstasy (n � 37) Cannabis (n � 23) Control (n � 34) P-value

Attention
CalCAP: simple RT 328.6 (58.7) 334.6 (73.5) 350.2 (93.2) 0.516
CalCAP: choice RT –Digits 385.6 (42.4) 386.9 (46.9) 395.6 (33.0) 0.581
CalCAP: sequential RT2 545.8 (94.9) 549.2 (110.7) 568.4 (91.4) 0.731

Working Memory
Corsi Block Visual Span Backwards 8.4 (1.9) 9.4 (1.5) 9.3 (1.1) 0.082
Letter Number sequencing 12.2 (2.7) 11.7 (1.8) 12.6 (2.4) 0.243

Memory
CVLT: Total A1-A5 54.7 (9.4) 59.3 (7.6) 57.9 (8.6) 0.571
CVLT: Immediate recall 12 (2.9) 12.7 (2.8) 12.8 (2.4) 0.995
CVLT: Delayed recall 12.5 (2.4) 13.4 (2.7) 13.2 (2.5) 0.848
CVLT: Total Recognition 15.4 (0.9) 15 (1.2) 15 (1.2) 0.155
ROCFT: Immediate recall 22.1 (5.7) 23.9 (4.7) 23.3 (4.5) 0.620
ROCFT: Delayed recall 22.2 (5.5) 23.7 (4.5) 22.6 (3.7) 0.640

Executive functions
Semantic word fluency 23.2 (3.5) 26.2 (6.4) 27.2 (5.6) 0.014a

ToL: Total Movements 88 (17.7) 78.9 (11.1) 83.5 (15.4) 0.175
ToL: Initiation Time 33.8 (15.3) 40.1 (18.1) 36.1 (20.0) 0.596

Mental processing speed
SDMT: Total correct 57.8 (11.7) 64.5 (10.3) 63.9 (10.7) 0.146

Results are presented as mean (standard deviation).
P-values result from ANCOVA models adjusting for gender and premorbid intelligence.
aSignificant differences between ecstasy and control group.

Table 2 Drug use characteristics at baseline

Ecstasy (n � 37) Cannabis (n � 23) Control (n � 34) P-value

Alcohol
Age at onset of use 14.5 (2.2) 15.1 (1.3) 16.4 (1.4) �0.001
Duration of use (years) 9.0 (3.1) 6.6 (1.7) 5.3 (2.4) �0.001
Total use in the last 6 months (days) 46.9 (40.8) 46.7 (38.3) 19.9 (14.7) 0.004

Tobacco
Current smokers 27 (73.0%) 12 (52.2%) 8 (23.5%) �0.001
Age at onset of use 14.8 (1.7) 16.8 (3.1) 17.0 (1.6) 0.006
Duration of use (years) 7.9 (3.6) 5.5 (2.8) 4.8 (1.6) 0.017
Cigarettes per day 11.7 (6.1) 7.3 (6.5) 6.8 (4.5) 0.043

Cannabis
Age at onset of use 16 (2.2) 16.6 (1.8) 0.26
Duration of use (years) 7.4 (2.7) 5.6 (2.7) 0.02
Total lifetime use (joints) 4368 (4510) 1670 (2845) 0.01
Total use in the last 6 months (days) 128.7 (68.5) 76 (69.8) 0.006

Ecstasy
Age at onset of use 18.1 (3.5)
Duration of use (years) 5.5 (3.4)
Total lifetime consumption (tablets) 206 (228.3)
Total consumption in the last 10.5 (10.8)

6 months (days)

Results are presented as mean (standard deviation).
P-values result from either t-or F-test. Proportions of current smokers are compared with the �2-test.
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Univariate correlation analyses (Pearson) revealed a significant
association between lifetime ecstasy use and performance on meas-
ures of working memory, visual memory, information processing
speed as well as planning. That is, the higher lifetime ecstasy con-
sumption, the lower achievement in the mentioned cognitive
results. In particular, significant negative correlations were found
for immediate visual memory (r � �0.430, P � 0.008) and
delayed recall (r � �0.517, P � 0.001), working memory for visual
(r � �0.352, P � 0.033) and verbal information (r � �0.393,
P � 0.016) and for information processing speed (r � �0.375,
P � 0.022). Furthermore, a significant positive association was
found for planning ability and ecstasy use (ToL: total number of
movements r � 0.428, P � 0.008).

Moreover, the baseline scores of heavy and moderate ecstasy
users as well as controls were compared, adjusting for gender and
premorbid intelligence. This analysis not only confirmed the differ-
ence between controls and ecstasy users with respect to Semantic
Word Fluency described before, but also showed the following dif-
ferences (not presented in tables): Concerning working memory
(Corsi blocks) and mental processing speed (SDMT: total correct),
results were significantly worse in heavy ecstasy users compared
with non-users (P � 0.024 and P � 0.033, respectively); regarding
the Rey Complex Figure Test, heavy ecstasy users obtained

significantly worse results than both other groups with respect to
immediate recall (P � 0.001), as well as significantly worse results
than moderate ecstasy users with respect to delayed recall
(P � 0.001).

Longitudinal analysis: from baseline to 24 months

The results of the longitudinal analysis are shown in Table 4. After
two years of follow-up, scores among all three groups remained
within the normal range. A global improvement over time was
observed in several functions: attention (Choice reaction time and
sequential reaction time), processing speed (SDMT: total of correct
answers), planning ability (Tower of London), and memory variables
(Rey Complex Figure Test).

In addition, the differences between the control group and 
ecstasy users with respect to working memory (Corsi Blocks;
P � 0.017), Semantic Word Fluency (P � 0.018) and processing
speed (Total of correct answers; P � 0.043) persisted over time and
were found to be statistically significant; Figure 1 shows the evolu-
tion over time in both groups for each of these three variables. 
In both groups, comparisons of baseline test results between the
ones lost to follow-up and those who remained in the study did not
show any significant differences.

Table 4 Neuropsychological test scores over time in MDMA consumers and Controls

Baseline evaluation After 24 months P-valuea

Ecstasy (n � 20) Control (n � 26) Ecstasy (n � 20) Control (n � 26)

Attention
CalCAP: Simple RT 330.2 (59.3) 346.1 (87.3) 355.9 (63.9) 319.7 (49.6) 0.189
CalCAP: Choice RT –Digits 385.5 (36.2) 390.2 (31.7) 417.3 (50.3) 399.0 (42.7) 0.774
CalCAP: Sequential RT2 543.7 (94.0) 579.0 (89.3) 542.4 (103.6) 510.9 (98.9) 0.383

Working Memory
Corsi Block Visual Span Backwards 8.6 (1.6) 9.3 (1.1) 8.3 (1.1) 8.9 (1.6) 0.017
Letter Number Sequencing 12.4 (2.4) 12.7 (2.3) 12.4 (2.4) 12.7 (1.9) 0.496

Memory
CVLT: Total A1-A5 56.8 (8.2) 57.3 (8.4) 55.2 (9.6) 61.0 (8.3) 0.211
CVLT: Immediate recall 12.7 (2.7) 12.8 (2.3) 13.2 (2.6) 13.7 (2.2) 0.560
CVLT: Delayed recall 13.3 (2.0) 13.0 (2.6) 12.6 (3.9) 14.2 (2.0) 0.764
CVLT: Total Recognition 15.4 (1.0) 15.0 (1.1) 14.8 (1.5) 15.6 (0.8) 0.375
ROCFT: Immediate recall 23.1 (3.4) 22.9 (4.7) 26.0 (4.1) 27.5 (4.7) 0.481
ROCFT: Delayed recall 23.6 (3.7) 22.6 (3.9) 25.3 (4.7) 26.5 (4.0) 0.822

Executive Functions
Semantic Word Fluency 23.7 (3.6) 27.7 (5.9) 25.0 (5.0) 27.6 (5.6) 0.018
ToL: Total Movements 86.6 (17.7) 84.6 (16.5) 72.6 (14.0) 71.9 (12.4) 0.995
ToL: Initiation Time 33.2 (14.4) 36.4 (18.4) 45.2 (20.9) 50.2 (23.2) 0.393

Mental processing speed
SDMT: Total correct 57.7 (11.5) 63.5 (11.2) 64.5 (14.4) 70.4 (10.0) 0.043

Results are presented as mean (standard deviation).
aP-values are obtained from linear mixed models including all data from baseline until the 4th evaluation, and adjusting for gender
and premorbid intelligence.
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The longitudinal models to check the effect of age at onset of
cannabis consumption, revealed worse performance of those with
age of onset less or equal to 15 years with respect to working mem-
ory (Corsi blocks; P � 0.032); the worse results regarding attention
(simple reaction time) of the same group were borderline signifi-
cant (P � 0.076); results are not shown in tables.

Discussion

The main aims of this study were: (1) to examine the neurocogni-
tive profile associated with long-term use of ecstasy in current
users of this substance, as compared with cannabis users and non-
drug using controls; and (2) to investigate the long-term effects of

Figure 1 Longitudinal analysis of ecstasy users and control group for working memory, executive functions, and processing speed:
a) Corsi Block Visual Span Backwards. b) Semantic Word Fluency, and c) SDMT: Total correct. Figures show 95% confidence intervals of
the mean scores at each evaluation Grey lines: control group; black lines: ecstasy group.
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continued use of ecstasy on cognition over a period of two years. 
At baseline assessment, ecstasy/cannabis users showed specific
deficits in the domain of semantic word fluency. When we classified
ecstasy polydrug users according to their lifetime consumption of
ecstasy, we found additional deficits of visual episodic memory,
visual working memory and processing speed in the more severe
users (more than 100 tablets). Furthermore, lifetime ecstasy use
was negatively correlated with performance on tests of working
memory, episodic memory, planning and processing speed, thus the
heavier use the poorer cognition. Although ecstasy/cannabis users
presented lower estimated premorbid intelligence, group differ-
ences remained significant after adjusting for this variable. At two
years follow-up assessment, ecstasy polydrug users showed signif-
icantly poorer performance than non-drug using controls on meas-
ures of word fluency, working memory, and processing speed.
Although both ecstasy polydrug users and controls showed
improved performance after two years (probably reflecting learning
effects), ecstasy polydrug users performed consistently worse than
controls in these domains across the four assessments.

Overall, results from cross-sectional, correlational and longitu-
dinal analyses in this sample are consistent with extensive evidence
that indicates that ecstasy use is associated with deficits on mem-
ory and executive functions. Previous studies had demonstrated
that ecstasy users tend to present poorer performance on several
measures of verbal and visual episodic memory (Gouzoulis-
Mayfrank et al., 2000; Rodgers, 2000; Fox et al., 2002; Thomasius
et al., 2003). Additionally, several studies have shown that extent of
lifetime use of ecstasy is specifically related to memory perform-
ance and not to other cognitive processes (Gouzoulis-Mayfrank
et al., 2003). These studies are consistent with our findings that
demonstrated that the more severe users of ecstasy showed specific
impairments in immediate and delayed episodic memory retrieval.
These behavioural results are further supported by neuroimaging
findings. For example, one recent MR spectroscopy study showed
decreased levels of the neuronal marker N-acetylaspartate in the
hippocampus (but not the neocortex) in ecstasy users (Daumann
et al., 2004b); and one functional imaging study using specific
5HT-binding radioligands detected decreased levels of SERT also
in the hippocampus (McCann et al., 2005). Along the same lines,
in a functional imaging study, Daumann et al. (2005) detected
significant reductions in the hippocampal activity of ecstasy users
during the retrieval phase of an episodic memory task.

Additionally, results showed impaired performance of ecstasy
users on different aspects of executive functions. At baseline eval-
uation, ecstasy users showed specific deficits on semantic word 
fluency. In addition, the more severe users also showed impaired
performance on measures of visual episodic memory, visual work-
ing memory and processing speed. Furthermore, longitudinal
analyses demonstrated persistent deficits of fluency, visual working
memory and speed. A number of previous studies had observed
similar deficits on verbal and visual working memory (Wareing
et al., 2000, 2004a, 2004b; Verkes et al., 2001; Fisk et al., 2004)
and fluency (Bhattachary and Powell, 2001; Hefferman et al., 2001;
Fox et al., 2002; Montgomery et al., 2005) in samples of ecstasy
users. Furthermore, dose-related cumulative use of ecstasy has been
related to poorer working memory performance in polysubstance

users (Verdejo-García et al., 2005). Recent investigations using
structural equation models have proposed that executive functions
can be fractionated into four relatively independent components:
updating (working memory), access (ability to temporarily activate
information from long-term memory), inhibition (ability to sup-
press prepotent responses) and shifting (related to mental flexibility
and set shifting skills) (Miyake et al., 2000; Fisk and Sharp, 2004).
It has been proposed that ecstasy use is specifically associated with
impaired performance on tests, which tax the updating, and access
components, but not on tests of inhibition or shifting. For example,
Montgomery et al. (2005) observed that ecstasy users were selec-
tively impaired on low-level tasks of working memory and verbal
fluency, but not on tasks of inhibition and shifting. Our results pro-
vide further support to this notion. Brain lesion and imaging stud-
ies have shown that an important neural correlate of both working
memory and fluency skills is the dorsolateral prefrontal cortex
(DLPFC) (Wendt and Risberg, 2001; Collette and Van der Linden,
2002; Bor et al., 2006). Interestingly, imaging studies have detected
significant reductions of serotonin transporter availability at the
level of the DLPFC in ecstasy users (McCann et al., 2005).
Additionally, functional imaging studies have detected abnormal
activation of the DLPFC and the superior frontal gyrus in ecstasy
users during performance on a specific task of working memory
(Moeller et al., 2004). Interestingly, our results seem to suggest
asymmetrical effects of ecstasy on visual versus verbal memory,
whereas most previous studies had reported verbal deficits. This
effect may be related to sub-acute effects of ecstasy use (as opposed
to abstinence-related effects on verbal memory), or to a higher expo-
sure to ecstasy in the users included in our sample. Nonetheless,
deficits in visuo-spatial working memory had been as well previ-
ously reported in ecstasy users (Verkes et al., 2001; Wareing et al.,
2004a, 2005).

Thus, according to our results, the neurocognitive profile of this
group of polysubstance ecstasy users is consistent with alterations
in the DLPFC, medial temporal lobes and the hippocampus. These
are neural regions richly interconnected, and they probably interact
in the execution of complex processes, such as working memory,
access and retrieval of contents from long-term memory and the
organization/ categorization of mnemonic material (Montgomery
et al., 2005; Quednow et al., 2006a). Additionally, recent studies in
frontal lesion patients indicate that processing speed can be impor-
tantly involved in the operations of these and other related executive
processes (Stuss et al., 2005).

A related aim of our study was to examine the differential con-
tributions of ecstasy and cannabis to neurocognitive performance in
ecstasy polysubstance users. Our results showed that performance
of ecstasy/cannabis users only differed significantly from that of
cannabis users on a measure of verbal fluency. However, correla-
tional analyses also showed dose-related effects of ecstasy use on
memory, working-memory and planning skills. Therefore, our
results provide partial support to previous evidence showing that
ecstasy misuse contributes to cognitive impairment even after con-
trolling for cannabis co-abuse (Gouzoulis-Mayfrank et al., 2000;
Rodgers, 2000; Fisk et al., 2004; McCardle et al., 2004; Wareing
et al., 2004ab). Similar to our results, most of these studies have
shown that specific deficits of working memory, long-term episodic
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memory (delayed recall) and executive functions in combined
ecstasy/cannabis users are closely related to ecstasy and not
cannabis use. However, an important contribution of cannabis con-
sumption to the sub-clinical impairment observed in our ecstasy
sample is the age at onset of use. The effects of cannabis use before
15 years old seem to be persistent over lifetime, specifically on
measures of attention and verbal working memory. This enhancing
effect of early exposure on neurotoxicity had been previously
observed in cannabis users (Ehrenreich et al., 1999; Pope et al.,
2003). Therefore, negative effects of an early start at cannabis use
raise an important concern for its possible contribution to future
impairment in young users, in addition to the effects of concomi-
tant use of other illicit drugs.

However, our findings do not fully agree with previous evidence
indicating that cannabis use can account for the bulk of the neu-
rocognitive deficits revealed in ecstasy polysubstance users (Croft
et al., 2001; Simon and Mattick, 2002; Lamers et al., 2006). In light
of our findings, the poorer performance of severe ecstasy users, as
compared with cannabis users and non-drug using controls, sup-
ports the notion that ecstasy or ecstasy/cannabis combined effects
(but not cannabis alone) are responsible for the observed deficits.
Moreover, the close correspondence between ecstasy lifetime use
and poorer performance in the domains of memory and executive
function support this notion. Several variables can account for dis-
crepancy of findings between this and the above-mentioned studies.
One relevant variable is severity of ecstasy use. Overall, studies,
which have reported prominent neurocognitive effects of cannabis,
have been conducted in samples of relatively mild ecstasy users, as
opposed to the severe pattern of use that characterized ecstasy poly-
substance users in this sample. A second relevant variable is a strict
assignation and matching of participants included in the subgroups
of ecstasy/cannabis and cannabis users. In this study, we were able
to confirm self-reported information about drug use with biochem-
ical analyses able to precisely detect this use. This has not been a
common practice among studies of ecstasy neurocognitive deficits,
and thus constitutes a relevant methodological tool to better clas-
sify users according to their pattern of consumption, providing
more reliable findings. Our findings neither supports the hypothe-
sis that cannabis use may attenuate substantially the effects pro-
duced by ecstasy itself (i.e., protective effects) (Croft et al., 2001;
Gonzalez et al., 2004).

A third aim of this study was to investigate persistence or
change in neurocognitive deficits over a period of two years of con-
tinued substance use. Results at two years follow-up showed that
ecstasy polydrug users still performed poorer than controls in sev-
eral cognitive measures including working memory, fluency and
processing speed. It is important to note that time related analyses
(repeated-measures comparisons between baseline and follow-up)
showed overall improvement in all three groups after 24 months.
This improved performance can be partly explained owing to learn-
ing effects, as participants underwent four assessment sessions dur-
ing this period. In future studies, we plan to use parallel versions of
neurocognitive measures to control for these effects. However,
despite improved performance, ecstasy polydrug consistently
showed decreased performance in several measures across the four
assessments. We also assessed the possible relationship between the

decrease of ecstasy use and the reversibility of the negative effects.
An average decrease in recent ecstasy consumption (last six months
before testing) is noticed after two years (P � 0.02). This is a com-
mon incidental finding in longitudinal studies of ecstasy recreational
users (Gouzoulis-Mayfrank et al., 2005; Thomasius et al., 2006).
Previous longitudinal studies had reported absence of significant
neurocognitive changes over time (Gouzoulis-Mayfrank et al.,
2005; Thomasius et al., 2006) or modest declines (Zakzanis and
Young, 2001). Persistence of working memory, fluency and speed
deficits in our study also points in the direction of ecstasy long-
lasting stable but subtle deficits. Unfortunately, the lack of other
significant differences between groups could respond to reduced
statistical power owing to a smaller ecstasy sample after 24 months.
Therefore, we cannot conclude that a decrease in ecstasy use can
contribute to partial improvement of the overall cognitive function,
but we can state that sub-clinical impairment is still persistent after
two years. Nonetheless, alternative explanations such us pre-exist-
ing differences between the groups cannot be completely ruled out
in spite of the longitudinal design. In any case, this persisting
impairment may have increasing negative impact as a function of
aging. It is likely that young current users of ecstasy may well com-
pensate for these subtle deficits, but stability of these deficits over
the years may compromise daily functioning in the long-term. For
example, a recent study has shown that despite minimal executive
function deterioration, ecstasy users manifest relevant deficits in
social and emotional aspects of daily life (Reay et al., 2006).

There are a number of methodological problems in the present
study which apply to all ecstasy research in humans. Objective
doses, frequency of use or lifelong consumption were retrospec-
tively self-reported by the participants. No clear cut off point in the
abstinence period was another important weakness. An average
minimum period of 72h since last intake of any illicit drug is
unlikely to have avoided residual effects; nevertheless, both user
groups experienced similar abstinence periods. Another drawback
of this study is that we could not completely exclude possible pre-
existing group differences in the areas of semantic word fluency,
information processing speed, memory and working memory.
Polydrug use also contributes to confound ecstasy effects on cogni-
tive performance. Another main problem with polydrug users is
that pattern of drug consumption evolves very quickly along the
study, which means a change of the experimental drug use charac-
teristics. That makes it even more difficult to conclude causality
and affects statistical significance owing to a smaller sample size if
inclusion criteria for the ecstasy group are very restrictive. An addi-
tional limitation was that healthy controls and cannabis users had
higher IQ compared with ecstasy users. However, these pre-exist-
ing differences were not clinically relevant and thus non-sufficient
to explain the poorer performance of the ecstasy group. In support
of this, all participants performed between high (cannabis and non-
users) and high-normal (ecstasy group) IQ ranges. Plus, contribu-
tion of ecstasy use to cognitive performance remained significant
when IQ was statistically controlled. Possible directions for future
research on long-term ecstasy effects could focus on older partici-
pants with extensive histories of ecstasy use. Longitudinal studies
could include wider follow-up periods with current ecstasy users
who intend to become abstinent, in order to compare in the future
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abstinent subjects with consumers who have not succeeded in quit-
ting drug use (see Gouzoulis-Mayfrank et al., 2005). This design
could contribute to clarify worsening, persistency or reversibility of
long-term chronic effects. Another interesting direction for future
research would be to assess, in addition to the neuropsychological
data, the socioeconomic implications of ecstasy (unemployment
rates and costs, educational achievement, etc.) in subjects with 
cognitive impairment due to ecstasy/polydrug use.
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