Psychopharmacology (2005) 182: 262-276
DOI 10.1007/s00213-005-0065-9

ORIGINAL INVESTIGATION

Catharine Montgomery - John E. Fisk -
Russell Newcombe - Phillip N. Murphy

The differential effects of ecstasy/polydrug use on executive
components: shifting, inhibition, updating and access

to semantic memory

Received: 21 March 2005 / Accepted: 4 May 2005 / Published online: 12 July 2005

© Springer-Verlag 2005

Abstract Rationale/Objectives: Recent theoretical mod-
els suggest that the central executive may not be a unified
structure. The present study explored the nature of central
executive deficits in ecstasy users. Methods: Instudy 1,27
ecstasy users and 34 non-users were assessed using tasks to
tap memory updating (computation span; letter updating)
and access to long-term memory (a semantic fluency test
and the Chicago Word Fluency Test). In study 2, 51 ecstasy
users and 42 non-users completed tasks that assess mental
set switching (number/letter and plus/minus) and inhibition
(random letter generation). Results: MANOVA revealed
that ecstasy users performed worse on both tasks used to
assess memory updating and on tasks to assess access to
long-term memory (C- and S-letter fluency). However,
notwithstanding the significant ecstasy group-related ef-
fects, indices of cocaine and cannabis use were also sig-
nificantly correlated with most of the executive measures.
Unexpectedly, in study 2, ecstasy users performed signif-
icantly better on the inhibition task, producing more letters
than non-users. No group differences were observed on
the switching tasks. Correlations between indices of ec-
stasy use and number of letters produced were signifi-
cant. Conclusions: The present study provides further
support for ecstasy/polydrug-related deficits in memory
updating and in access to long-term memory. The surplus
evident on the inhibition task should be treated with
some caution, as this was limited to a single measure and
has not been supported by our previous work.
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Introduction

The increasing popularity of the recreational drug ecstasy
(MDMA) is of much concern. The drug elicits pharmaco-
logical effects through the release of serotonin (among
other neurotransmitters) in the brain (McDowell and Kleber
1994) and has a strong neurotoxic potential on serotonergic
terminals in animals (Ricaurte and McCann 1992; Ricaurte
et al. 2000), which may also occur in humans (Bolla et al.
1998; Klugman et al. 1999; Reneman et al. 2001). Thus, it
may follow that these serotonergic depletions manifest
themselves as disturbances in mood (e.g. Curran and Travill
1997; Fox et al. 2001) and cognition (e.g. Bolla et al. 1998;
Morgan 1999; Wareing et al. 2000, 2004a,b).

Cognitive deficits in ecstasy users are reported fre-
quently over a wide range of tasks. The working memory
system in general and the executive system in particular
appear to be affected. However, it remains unclear why
ecstasy users may be impaired in some “executive func-
tion” tasks and not others. Fox et al. (2001) assessed the
performance of a group of ecstasy users who reported ex-
periencing cognitive deficits and those who did not report
such problems. Paradoxically, non-problem users were
found to have significantly longer Tower of London (TOL)
planning times than the problem users and the control
group. Both ecstasy groups made significantly more errors
than controls on a spatial working memory task, whereas
higher use of ecstasy was associated with longer TOL
planning times. Testing executive function and spatial
working memory, Fox et al. (2002) found that ecstasy users
performed worse than controls on verbal fluency, spatial
working memory, attention shifting and pattern recogni-
tion. Moving on to verbal working memory, Wareing et al.
(2004a) found that previous and current users of ecstasy
were impaired on a computation span task, requiring the
concurrent processing and updating of information in



working memory. The main effect of ecstasy remained
significant after control for the use of other drugs. How-
ever, no ecstasy-related deficits were observed on the
reading span task, which supposedly uses the same mech-
anism. Wareing et al. (2000) also found ecstasy users to be
impaired in a random letter generation task, but no such
effect was found in a subsequent study (Fisk et al. 2004).
Whereas the results of such studies suggest global work-
ing memory deficits in ecstasy users, some studies fail to
find ecstasy-related cognitive deficits. Turner et al. (1999)
found that ecstasy users were unimpaired on the Wisconsin
Cart Sort Task (WCST) (replicated by Fox et al. 2001),
whereas Morgan et al. (2002) found ecstasy users to be
unimpaired in word fluency, Stroop, and Subtracting Se-
rial Sevens among other tests. Von Geusau et al. (2004)
also found that ecstasy users were unimpaired on the stop
signal reaction time task (believed to measure response
inhibition).

Recent theoretical models of executive functioning pos-
tulate that the central executive is fractionated, with its
different components performing separate tasks with vary-
ing degrees of competence. Miyake et al. (2000) studied
the separability of three supposed executive functions:
mental set shifting (“shifting”), information updating and
monitoring (“updating”), and inhibition of pre-potent re-
sponses (“inhibition”), and how they contributed to exec-
utive tasks. Structural equation modelling revealed that the
three executive functions were moderately correlated with
each other, but clearly separate, and they contribute differ-
ently to performance on various executive prefrontal tasks.
For example, the WCST was linked to the shifting com-
ponent, the Tower of Hanoi to the inhibition component,
random number generation to both the inhibition and up-
dating components, and operation span to the updating
component.

Furthermore, utilising Miyake et al.'s (2000) conceptual-
isation, we have suggested in previous studies that it is the
updating component of working memory and not the shift-
ing and inhibition elements that are most susceptible to the
effects of ecstasy (Montgomery et al. 2004, 2005, in press;
Wareing et al. 2004a). Consistent with this proposition,
Verdejo-Garcia et al. (2005) found that ecstasy use was an
important contributory factor in deficits in working mem-
ory updating among a clinical sample of polysubstance
abusers. Similarly, research from our own laboratory dem-
onstrates that ecstasy users are impaired on tasks such as
computation span (Fisk et al. 2004), which is also known to
load on the updating executive function (Fisk and Sharp
2004). Equally it appears that tests sensitive to the shifting
and inhibition elements do not appear to be as consistently
susceptible to the effects of ecstasy (e.g. Fisk et al. 2004;
Fox et al. 2001, 2002; Godolphin and Parrot, 1999, cited in
Parrot 2000; Gouzoulis-Mayfrank et al. 2000; McCardle
et al. 2004; Thomasius et al. 2003; but also see von Geusau
et al. 2004).

To date there has been no systematic investigation of
whether or not ecstasy users are impaired in the different
aspects of executive functioning identified by Miyake et al.
(2000). Existing research findings are piecemeal and have
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not always made use of the traditional measures of the
different executive subcomponents identified by Miyake
et al. Therefore, the present study sought to ascertain the
nature of executive function deficits in a sample of recre-
ational ecstasy users. Our aims were to use “pure” mea-
sures of each of the three postulated executive functions
(updating, shifting and inhibition) and to provide further
clarification of the nature of executive deficits in ecstasy
users. In a study of cognitive ageing, Fisk and Sharp (2004)
provided further support for Miyake et al.'s model. Factor
analysis revealed that certain tasks loaded on each of the
three components identified by Miyake et al., but there was
also a distinct executive function loading on another factor,
which Fisk and Sharp termed access to long-term memory
(although age was not a significant predictor of perfor-
mance on “access’ tasks). Previous research has shown that
ecstasy users exhibit deficits in word fluency, which is
reliant on the executive function of access to long-term
memory (Baddeley 1996). However, this task also reveals
equivocal results, with some studies finding ecstasy-related
deficits and others not (e.g. Bhattachary and Powell 2001;
Curran and Verheyden 2003; Croft et al. 2001; Fox et al.
2002; Heffernan et al. 2001). Thus, the present study also
sought to further investigate word fluency deficits among
ecstasy users. The verbal fluency task used here, the Chi-
cago Word Fluency Test, is an established measure of pre-
frontal executive functioning (Kolb and Whishaw 1985).
The test imposes longer time limits and places further
constraints on the categories used, thereby increasing the
potential load on executive resources.

Poorer performance in certain tasks may provide further
support for frontal lobe impairments among ecstasy users.
For example, whereas performance on a switching task has
been linked to the anterior cingulate cortex (Posner and
Raichle 1994), the left frontal lobe (Rogers et al. 1998) and
the bioccipital and parietal lobes (Moulden et al. 1998),
performance on a response inhibition task has been linked
to the prefrontal cortex (Casey et al. 1997; Kiefer et al.
1998) and damage to the inferior frontal gyrus (Aron et al.
2003). Likewise, deficits in updating may support an
MDMA-related deficit in the dorsolateral prefrontal cortex
(Goldman-Rakic 1996) or the left fronto-polar cortex (Van
der Linden et al. 1999).

We are aware that there are other postulated executive
functions. The four we have picked to investigate are low-
level behaviours that are easily operationally defined, and
easy to measure (unlike, e.g. planning). It is also likely that
other more complex executive tasks will rely on these
functions.

Therefore, the present study sought to systematically in-
vestigate ecstasy-related deficits in the shifting, inhibition,
updating and access to long-term memory elements of the
central executive. Given the nature of ecstasy/polydrug
use, it is possible that any observed deficits in cognitive
functioning may be in part attributable to the concomitant
use of “other” drugs (e.g. Croft et al. 2001). Indices of the
frequency and intensity of other drug use will be collected
and, where possible, we shall attempt to evaluate the im-
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pact of these on the executive measures included in the
present study.

It was calculated that data collection using all the ap-
propriate measures would take a considerable amount
of time per session. Therefore, to counter boredom and
fatigue effects the tasks were divided into two research
studies, study 1 to investigate updating and access to long-
term memory, and study 2 to investigate switching and
inhibition.

Study 1

Study 1 investigated the updating executive component
process and access to long-term memory. It was predicted
that ecstasy users would perform worse than non-users on
measures of updating (a running memory task and com-
putation span) and on access to long-term memory (a word
fluency task). The letter-updating task is widely accepted
as an established pure measure of the memory updating
function. The task is a key indicator of Miyake et al.'s
conceptual framework and has not been used in research
with ecstasy users before. Although word fluency has been
assessed in samples of ecstasy users (e.g. Bhattachary and
Powell 2001; Fox et al. 2002), the task used in the present
study is more likely to recruit executive prefrontal re-
sources inasmuch as it is a longer version than previously
used and places further constraints on the categories thus
making it harder for participants. To our knowledge, this
task has not been used in research with ecstasy users
before.

Method
Design

With regard to the updating executive component process,
a multivariate design was used, with ecstasy user group
(two levels) as the between-groups variable and the up-
dating measures (letter updating and computation span) as
the dependent variables. (For the letter-updating task, a
single composite measure was calculated following the
procedure adopted by Fisk and Sharp 2004.) Letter span
was also measured and incorporated into ANCOVA, to
remove the mediating effects of differences in simple span.
A multivariate design was used for the word fluency tasks,
with ecstasy user group as the between-participants inde-
pendent variable and the three word fluency scores (seman-
tic, “S” letter, and C” letter) as the dependent variables.

Participants

Twenty-seven ecstasy users (mean age 21.70; 14 men) and
34 non-user controls (mean age 21.59; 10 men) completed
the updating and word fluency tasks. Participants were
recruited via direct approach to university students and the
snowball technique (Solowij et al. 1992). With 27 ecstasy

users, the present sample is sufficient to detect a difference
of between 0.75 and 1o for a=0.05 and $=0.20 (Hinkle
et al. 1994). Participants were requested to refrain from
ecstasy use for at least 7 days and ideally 10 days before
testing (the mean period of abstinence was actually 5
weeks, median abstinence period 2 weeks). Participants
were also requested not to use any other illicit drugs for at
least 24 h and ideally for 7 days before testing.

Materials

Patterns of drug use and other relevant lifestyle variables
were investigated by means of a background questionnaire.
The questionnaire gauged the use of ecstasy and other
drugs as well as age, years of education, general health and
other relevant lifestyle variables. In relation to other drugs,
participants were asked a range of questions including
frequency and duration of use and the last time that they
had used each drug. Participants were also questioned
concerning their history of drug use; using a technique
employed by Montgomery et al. (2005), these data were
used to estimate total lifetime use for each drug. Average
weekly dose and the amount of each drug consumed within
the previous 30 days were also assessed. Fluid intelligence
was measured via Raven’s Progressive Matrices (Raven
et al. 1998), and premorbid intelligence was assessed via
the National Adult Reading Test (NART, Nelson 1982).

Sleep quality A screening questionnaire and the Epworth
Sleepiness Scale (ESS, Johns 1991) were used to inves-
tigate any group differences in sleep quality. The ESS is a
measure of subjective daytime sleepiness and contains
eight items, which a participant has to score on a scale of 0
(would never doze off in this situation) to 3 (high chance
of dozing off in this situation). A total score of all eight
items was used in the analysis, and a high score was in-
dicative of increased subjective daytime sleepiness. The
screening questionnaire contained a number of questions
on sleep quality, e.g. hours per night.

Letter span Consonants were presented sequentially on a
computer screen for 1.25 s. Participants were then required
to recall the letters in the order in which they were pre-
sented. The task commences with three sets of two letters
and is then increased to three sets of three, four, five etc.,
until the individual fails on at least two out of three trials.

Consonant updating This task was based on the running
memory task (Morris and Jones 1990). In this computer-
based task, the participant was presented with a random
sequence of between 6 and 12 consonants on a computer
screen. Twenty-four such lists were presented, and in each
case, the participant was unaware of the number of con-
sonants to be presented. The task was always to recall the
most recent six consonants in the order in which they were
presented. The participant experienced six trials at each of
the four list lengths: 6, 8, 10 and 12 items. The order in
which the lists were presented was randomised. A single



composite score of updating was calculated as in Fisk and
Sharp (2004).

Computation span Computation span has been used ex-
tensively as an indicator of working memory functioning
in the cognitive ageing literature (Fisk and Warr 1996;
Salthouse and Babcock 1991) and it is similar to the op-
eration span measure used by Miyake et al. (2000) in their
investigation of executive processes. Participants were
required to solve a number of arithmetic problems (e.g., 4+
7=7?) by circling one of three multiple-choice answers as
each problem was presented. They were also required to
simultaneously remember the second digit of each pre-
sented problem. At the end of each set of problems the
second digits had to be recalled in the order in which they
were presented. The number of arithmetic problems that
the participant had to solve, while at the same time re-
membering each second digit, gradually increased as the
test proceeded. For each of the first three trials, only a
single problem was presented. For the next three trials,
two problems were presented. Subsequently, the number
of problems presented per trial increased by one every
third trial. In order to proceed, the participant was required
to be correct in at least two of the three trials at the current
level. Computation span was defined as the maximum
number of end digits recalled in serial order, with the
added requirement that the corresponding arithmetic prob-
lems had been solved correctly.

Semantic fluency In the semantic fluency task, participants
were required to recall as many animal names as they
could think of. This could be different species or breeds
within species. Participants were given 4 min for this task.

Chicago Word Fluency Test Participants were instructed
not to write any place names, people’s name or plurals in
this test. Firstly, participants were given 5 min to write
down as many words as they could, beginning with the
letter S. Secondly, they were given 4 min to write down as
many four-letter words beginning with C as they could.
Because plurals were not allowed, words such as “ cats”
and repetitions of words were excluded. Scores for all
three fluency tasks were the number of appropriate words
in each case.
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Procedure

Participants were informed of the general purpose of the
experiment, and written informed consent was obtained.
The tests were administered under laboratory conditions,
and a computer running MS-DOS was used for the comput-
er-based tasks. The tests were administered in the follow-
ing order: background questionnaire, sleep questionnaires,
NART, letter span, consonant updating, semantic fluency,
word fluency, and Raven’s Progressive Matrices. Partici-
pants were fully debriefed, paid £15 in store vouchers, and
given drug education leaflets. The study was approved by
the Ethics Committee of Liverpool John Moores Uni-
versity, and was administered in accordance with the
ethical guidelines of the British Psychological Society.

Results

The scores for background measures are set out in Table 1.
An initial ¢ test revealed that there were no significant
differences between the groups in age, premorbid intelli-
gence, sleep (hours per night), years of education, self-
rated health or Raven’s Progressive Matrices (although the
latter approached significance, p=0.06). Ecstasy users did,
however, report higher subjective daytime sleepiness, mea-
sured by the Epworth Sleepiness Scale, #(58)=2.06, p<0.05.

The main effect of ecstasy use on memory updating was
statistically significant, F(2,58)=3.19, p<0.05 for Pillai’s
Trace. Separate univariate analyses revealed that this was
due to ecstasy users performing worse than controls on
both the letter updating [F(1,59)=5.15, p<0.05] and com-
putation span [F(1,59)=3.21, p<0.05, one-tailed] tasks. The
main effect of ecstasy use on word fluency was also
significant, F(3,57)=3.20, p<0.05, for Pillai’s Trace. This
was due to ecstasy users’ poorer performance on the S
letter, F(1,59)=6.15, p<0.05, and the C letter categories, F'
(1,59)=8.81, p<0.005. There were no significant differ-
ences between the groups on the semantic fluency task
(Table 2).

Inspection of Table 3 shows that the use of other drugs
was limited mainly to the use of cannabis, alcohol and
tobacco among the non-ecstasy group. The ecstasy users
had a lifetime dose of cannabis twice that of the non-

Table 1 Age, years of educa-
tion, intelligence and sleep
quality for ecstasy users and

Ecstasy users Non ecstasy users

non-users in study 1

*The self-report health measure
scores range from 1 (very poor)

Mean SD Mean SD

Age (years) 21.70 1.66 21.59 1.88
Years of education 16.04 1.45 15.68 211
Raven’s Progressive Matrices (maximum 60) 50.37 3.84 48.08 5.08
NART (maximum 50) 29.93 6.23 30.32 6.25
Hours sleep per night 8.04 1.64 7.93 1.47
Epworth Sleep Scale (maximum 24) 6.88 3.34 5.32 2.52
Self-report health® 3.74 0.81 3.94 0.89
Letter Span score 522 0.58 5.26 0.75
Weeks since last used ecstasy 4.97 7.27 - -

to 5 (very good)
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Table 2 Significance levels

(F values) for main effects in Ecstasy users Non ecstasy users F
study 1 Mean SD Mean SD
Updating 2.14 0.50 245 0.54 5.16%*
Computation span 3.85 1.63 4.50 1.19 3.22%
Semantic fluency 40.59 9.03 41.94 10.11 0.29
:1;<0~05, one-tailed S letter 40.19 10.86 46.85 10.07 6.15%*
p=0.05, two-tailed C letter 11.48 5.37 16.00 6.30 8.8

**%p<0.01, two-tailed

users (2,634 joints to 1,317 joints), in addition to using it
more frequently (2.57 times a week, compared to 0.95
times a week), having smoked more in the last 30 days
(22.66 joints compared to 9.58 joints), and having a
larger average weekly dose (10.17 joints compared to
6.40 joints). In relation to the cannabis measures, ¢ test
revealed that the group difference was statistically signif-
icant only for frequency of use variable: #(25.56)=2.56,
p<0.05 (As Levene’s test was significant, degrees of
freedom have been adjusted accordingly.)

Correlations with indices of drug use

Due to the small number of illicit drug users among the non
ecstasy user group it was not possible to control statistically
for the effects of other drugs through the use of ANCOVA.
Therefore, it is possible that some or all of the ecstasy-
related effects might have been attributable to the effects of
other drugs. To address this possibility, correlations were
performed with different measures of ecstasy, amphet-
amine, cannabis and cocaine use. Measures of lifetime use
of each drug, the number of times each drug was consumed
each week, the amount of each drug consumed within the
last 30 days, and the average weekly dose (i.e. total amount
consumed divided by the length of use in weeks) were all
included.! For each of these, a value of zero was entered for
non-users of the drug in question. In addition, for each
illicit drug, a categorical variable in which users and non-
users of each drug were coded as 0 or 1, respectively, was
included.

A full Bonferroni correction is not appropriate in this
case, as the performance measures are intercorrelated
(Sankoh et al. 1997). However, multiple comparisons re-
main potentially problematic, therefore an intermediate
level of correction has been used, with correlations being
evaluated at p<0.01. The results, set out in Table 4, show
that ecstasy use was significantly correlated with a number
of the performance measures. Total ecstasy use, average
dose of ecstasy and amount used in the last 30 days were
significantly negatively correlated with C letter fluency (at
p<0.01), whereas amount used in the last 30 days was also
negatively correlated with S letter fluency (p<0.01). Fi-

!Those in the non-user group who reported that they had ever used
amphetamine or cocaine (N=1 and 4, respectively) felt that they were
unable to estimate their pattern of use accurately.

nally, the categorical ecstasy user/non-user variable was
significantly positively correlated with C letter fluency at
p<0.01.

In relation to other drugs, total cannabis use, frequency
of use and average cannabis dose were significantly nega-
tively correlated with computation span (p<0.01), and
cannabis user/non-user was significantly positively corre-
lated with computation span (p<0.01). Indices of cocaine
use were also significantly negatively correlated with task
performance: total use, frequency of use and average dose
with C letter fluency (at p<0.01), frequency of use with S
letter fluency (p<0.01), and the user/non-user variable with
C letter fluency at p<0.01.

It is clear from the correlations that aspects of cocaine
use may have contributed or possibly caused the observed
ecstasy-related deficits in word fluency observed in the
present study. To evaluate the potentially confounding ef-
fects of cocaine we performed several analyses with a cat-
egorical cocaine user/non-user independent variable, with
those reporting that they had ever tried cocaine (N=25) vs
those who reported that they had never tried cocaine
(N=36), which would enable us to compare effect sizes for
ecstasy vs cocaine analyses. Cocaine user/non-user was
non-significant for letter updating, £(1,59)=0.95, p>0.05,
and computation span, F(1,59)=1.81, p>0.05. With ref-
erence to word fluency, the multivariate cocaine-related
effect was significant, F(3,57)=3.72, p<0.05. Separate uni-
variate analyses revealed that cocaine users performed
significantly worse on the S and C letter fluency tasks, F
(1,59)=5.77; 11.33, p<0.05 and p<0.001, respectively. To
try and compare cocaine and ecstasy group-related effects
on word fluency, we compared the effect sizes for the two
sets of analyses (because cocaine user/non-user was non-
significant for computation span and letter updating and
ecstasy user/non-user was, effect sizes for these analyses
are not reported). The multivariate effect size was larger for
cocaine user than for ecstasy user (partial eta squared of
0.164 and 0.144, respectively), as was the C letter effect
size (partial eta squared of 0.161 and 0.130, respectively),
the effect size for S letter fluency was marginally larger for
ecstasy (partial eta squared of 0.094) than for cocaine
(partial eta squared of 0.089). This is consistent with either
a cocaine-related word fluency deficit or an exacerbated
cocaine/ecstasy deficit in word fluency, although it is still
likely that performance on the letter updating and com-
putation span tasks are related to aspects of ecstasy use.
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Table 3 Indicators of drug use among ecstasy users and non ecstasy users in study 1

Ecstasy users

Non ecstasy users

Mean SD n Mean SD N

Total use

Ecstasy (tablets) 345.96 365.76 27 - - -
Amphetamine (g) 4.08 4.22 6 4 - 1
Cannabis (joints) 2,634.18 2,501.21 19 1,317.41 1,547.50 14
Cocaine (g) 19.59 23.64 12 - - -
Frequency of use (times per week)

Ecstasy 0.44 0.36 27 - - -
Amphetamine 0.03 0.03 3 - - -
Cannabis 2.57 2.58 20 0.96 0.94 14
Cocaine 0.32 0.23 12 - - -
Amount used during previous 30 days

Ecstasy (tablets) 3.12 3.11 26 - - -
Amphetamine (g) 2 3.46 3 - - -
Cannabis (joints) 22.66 36.04 19 9.58 11.66 13
Cocaine (g) 1.68 1.83 10 - - -
Average weekly dose

Ecstasy (tablets) 1.8 1.37 27 - - -
Amphetamine (g) 0.12 0.23 6 0.01 - 1
Cannabis (joints) 10.17 9.19 18 6.40 11.00 14
Cocaine (g) 0.16 0.26 12 - - -
Number ever used

Amphetamine 12 - - 1 - -
Cannabis 22 - - 18 - -
Cocaine 21 - - 4 - -

Covariate analyses

As ecstasy users scored significantly higher than non-
ecstasy users on the ESS and group differences on the
Raven’s Progressive Matrices approached significance
(indicating a more pathological sleep pattern and higher
1Q, respectively), ANCOVA was conducted to investigate
the possible mediating effects of sleep and intelligence on
memory updating and word fluency. The multivariate ef-
fects of the ESS were non-significant (p>0.05), however,
the effects of fluid intelligence were highly significant: F'
(2,55)=7.58, p<0.001, for Pillai’s Trace. The main effect of
ecstasy use on memory updating was enhanced after re-
moving the variance due to fluid intelligence: F(2,55)=
6.37, p<0.005, for Pillai’s Trace. Univariate analyses re-
vealed that although fluid intelligence was significantly
associated with both computation span and updating per-
formance: F(1,56)=9.00; 9.46, p<0.005, respectively, the
effects of ecstasy use on computation span and updating
were heightened when variance due to fluid intelligence
was removed: F(1,56)=6.05; 9.37, p<0.05 and 0.005, re-
spectively. Homogeneity of regression was achieved with
respect to both covariates, p>0.05 for the group covariate
interaction in both cases.

With reference to word fluency, ANCOVA with ESS and
Raven’s Progressive Matrices scores as covariates revealed
that the multivariate effects of these variables were non-
significant (»p>0.05 in both cases). The multivariate ecstasy

effect remained significant after control for these covari-
ates, F(3,54)=2.36, p<0.05 one-tailed, for Pillai’s Trace.
Univariate analyses revealed that the effects of ecstasy use
on S and C word fluency remained significant after control
for ESS and Raven’s scores: F(1,56)=4.04; 7.21, p<0.05,
0.01, respectively. Again, homogeneity of regression was
achieved with respect to both covariates, p>0.05 for the
group covariate interaction in both cases.

Although there were no significant group differences in
letter span, it was possible that the effect of ecstasy use on
the letter-updating task could in part be mediated by letter
span. To address this possibility, letter span was entered as
a covariate. The effects of letter span fell just short of sig-
nificance: F(1,58)=3.47, p=0.068. The main effect of ec-
stasy use on letter updating remained significant after
control for letter span, F(1,58)=5.10, p<0.05. Homogeneity
of regression was achieved with respect to this covariate,
p>0.05 for the group covariate interaction.

Finally, as there was a gender imbalance between the
two groups, ANCOVA was performed with gender as a
covariate. Although the multivariate effect of gender was
significant for updating, F(2,57)=3.25, p<0.05 for Pillai’s
Trace, the multivariate effect of ecstasy use remained sig-
nificant for updating after control for gender, F(2,57)=4.96,
p<0.01, for Pillai’s Trace. Subsequent univariate analyses
revealed that the effects of ecstasy use on letter updating
and computation span also remained significant, F(1,58)=
7.57; 5.03, p<0.01; 0.05, respectively. The multivariate
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Table 4 Correlations between

measures and indices of drug Ecstasy Cannabis Cocaine Amphetamine

use: study 1 Total use (N) 61 51 48 55
Updating —-0.199 —0.234 —0.287 0.034
Computation span —0.161 —0.410%* —0.093 0.128
Semantic fluency -0.075 —0.045 —-0.194 0.132
S letter —-0.326 —0.208 —0.365 0.205
C letter -0.351* —0.261 -0.510%* 0.109
Frequency of use (V) 61 52 48 51
Updating —0.253 —0.194 -0.310 —-0.050
Computation span —0.168 —0.398* —-0.027 0.023
Semantic fluency —0.045 —-0.029 -0.231 0.139
S letter -0.274 —0.182 —0.389* 0.049
C letter —0.313 —0.226 —0.465* 0.029
Average dose (V) 61 50 48 54
Updating —-0.230 —0.196 —0.276 —0.026
Computation span —-0.151 —0.401%* —0.092 0.146
Semantic fluency —0.028 0.002 —0.180 0.081
S letter -0.317 —-0.175 —0.351 0.154
C letter —0.347* —0.204 —0.505%* 0.087
Current use (N) 61 61 61 61
Updating -0.171 —0.049 —-0.197 0.015
Computation span —0.168 —0.281 —0.027 —0.034
Semantic fluency —0.018 —-0.079 —0.246 0.037
S letter —0.330* —0.139 —0.271 —0.066
C letter —0.386* —0.178 —0.287 —0.099
Ever used (V) 61 61 61 61
Updating 0.294 0.163 0.121 0.028
Computation span 0.192 0.331* 0.146 0.193
Semantic fluency 0.044 0.118 0.096 —-0.049
S letter 0.309 0.250 0.291 —0.068
C letter 0.368%* 0.210 0.408* 0.017

*p<0.01, significant correlation

effect of gender on word fluency was non-significant
(p>0.05) and the multivariate effect of ecstasy use on word
fluency remained significant after control for gender, F
(3,56)=3.11, p<0.05, for Pillai’s Trace. The effects of ec-
stasy use on S- and C-letter fluency remained significant
after control for gender, F(1,58)=6.39; 8.79, p<0.01; 0.005,
respectively. Homogeneity of regression was achieved with
respect to this covariate, p>0.05 for the group covariate
interaction.

Implications Study 1 supports an ecstasy-related deficit in
memory updating and access to long-term memory that is
not related to gender, intelligence, amphetamine use, or
sleep quality. However, it is possible that access to long-
term memory (as indexed by the word fluency scores) is
also sensitive to aspects of cocaine use. Indeed, Table 4
reveals that among ecstasy users, in most cases outcome
measures were more related to aspects of cocaine use than
they were to the equivalent indices of ecstasy use. With
regard to the updating executive component process, con-
trary to expectations, indices of cannabis use appear to be
related to performance on the computation span task. It is

equally noteworthy that whereas MANOVA yielded sig-
nificant ecstasy-related group differences, none of the
measures of ecstasy use were significantly correlated with
computation span nor letter updating performance at the
adjusted level of a=0.01.

Study 2

Study 2 assessed the shifting and inhibition components of
the executive. Two tests that tap shifting were used (plus/
minus task and number/letter task). Consistent with pre-
vious research that suggests ecstasy users are not impaired
in switching (e.g. Fox et al. 2001; Turner et al. 1999) it was
expected that both groups would have similar shift-cost
latencies and that ecstasy users would not perform worse
than non-users in these tasks. Inhibition was measured via
the random letter generation task (Baddeley 1996). Again
consistent with previous research (Fisk et al 2004), it was
expected that ecstasy users would not perform worse than
non-users on the random generation task.



Method
Design

A multivariate design was used for the switching measures
with ecstasy user group (two levels) as the between-
participants independent variable and the shift cost la-
tencies (seconds) as the dependent measures. Miyake et al.
(2000) found that random number generation loaded on the
inhibition and updating components of the executive
system. We used random /etfer generation to measure inhi-
bition, which is analogous to the random number gener-
ation task but which Fisk and Sharp (2004) maintain loads
on inhibition but not on updating. For the random gen-
eration task, MANOVA was used with ecstasy user group
as the between-participants variable and the four random
letter generation scores as the dependent measures.

Participants

Fifty-one ecstasy users (mean age 21.96, 27 men) and 42
non-user controls (mean age 20.83, 9 men) were recruited
via direct approach to university students and the snowball
technique (Solowij et al. 1992). With 42 non-user controls,
the present sample is sufficient to detect a difference of
between 0.5 and 0.750 for a=0.05 and ($=0.20 (Hinkle
et al. 1994). Participants were requested to refrain from
ecstasy use for at least 7 days and ideally 10 days before
testing (the mean period of abstinence was actually 22
weeks, median abstinence period 4 weeks). Participants
were also requested not to use any other illicit drugs for at
least 24 h and ideally for 7 days before testing. None of the
participants were involved in the first study.

Materials

Background questionnaires, intelligence tests and sleep
quality tests were used as in study 1.

Plus/minus task The plus/minus task, adapted from Miyake
et al. (2000), consists of three lists of 30 two-digit numbers
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(the numbers 10-99, randomised). On the first list, par-
ticipants were instructed to add three to each number, and
write their answer in the box next to it. On the second list,
participants were instructed to subtract three from each
number. On the third list, participants were required to
alternately add and subtract three from the list (i.e. add three
to the first number, subtract from the second, and so on).
List completion times were measured with a stopwatch. The
cost of shifting between adding and subtracting was cal-
culated as the difference between the time for list three and
the average of the times for lists one and two.

Number/letter task In the number/letter task, adapted from
Rogers and Monsell (1995) and Miyake et al. (2000), a
number/letter pair (e.g. D4) is presented in one of four
quadrants on a computer screen. If the target is in the top
half of the screen, the task is to indicate if the letter is a
vowel (A, E, I, O or U) or a consonant. If the target is in
the bottom half of the screen, the task is to indicate if the
number is odd or even. The practise version of the task
comprises three sets. The target is presented in the top half
of the screen for 12 trials, then the bottom half for 12
trials, and then in a clockwise rotation around all four
quadrants for a further 12 trials. The main task follows the
same structure, except there are 64 targets in each block.
Therefore, the trials in the first two blocks required no
switching, whereas the third set did. The shift cost was the
difference between the average reaction times of the third
block and the averages of the first two blocks.

Random letter generation A computer display and con-
current auditory signal was used to pace responses. Parti-
cipants were asked to speak aloud a letter every time the
signal was presented. They were told to avoid repeating
the same sequence of letters, to avoid producing alpha-
betical sequences, and to try to speak each letter with the
same overall frequency. Individuals attempted to produce
three sets of 100 letters; one set at a rate of one letter every
4 s, a second set at one letter every 2 s, and a third at one
letter every 1 s. The order in which the sets were generated
was randomised. The experimenter recorded the responses
on an answer sheet. The test yields four scores. First, the
number of alphabetically ordered pairs; second, a repeat

Table 5 Age, years of education, intelligence and sleep quality for ecstasy users and non-users in study 2

Ecstasy users

Non ecstasy users

Mean SD Mean SD

Age (years) 21.96 2.11 20.83 1.45
Years of education 15.62 1.94 15.07 1.92
Raven’s Progressive Matrices (maximum 60) 46.66 6.53 47.83 5.47
NART (maximum 50) 28.67 6.53 28.71 4.90
Hours sleep per night 7.92 1.45 8.09 1.13
Epworth Sleep Scale (maximum 24) 6.48 3.54 7.63 3.22
Self-report health® 3.54 0.88 3.83 0.70
Weeks since last used ecstasy 22.15 40.71 - -

The self-report health measure scores range from 1 (very poor) to 5 (very good)
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Table 6 Mean scores and sig-
nificance levels for measures in
study 2

***p<0.01, two-tailed

Ecstasy users Non ecstasy users F
Mean SD Mean SD
Random letter generation (standardised scores)
Alphabetic sequences 0.0568 0.7719 —-0.0720 0.7821 0.63
Repeat sequences 0.0005 0.6453 —0.0007 0.6955 0.00
Redundancy —0.0490 0.6341 0.0622 0.9591 0.45
Number of letters 0.1967 0.4203 —0.2495 1.0137 8.20%**
Switching tasks
Plus/minus task switch cost (s) 28.63 19.46 29.58 18.18 0.06
Number/letter switch cost (s) 39.27 18.14 38.52 18.98 0.04
Procedure

sequences score corresponding to the number of times that
the same letter pair is repeated; third, a “redundancy”
score, which measures the extent to which all 26 letters of
the alphabet are produced equally often (0% being truly
random); and fourth, the number of letters produced. In the
first three cases, higher scores indicate poor performance;
in the fourth, the opposite is the case. The scores for each
separate variable, at each of the three generation rates,
were standardised. A single score for each random genera-
tion measure was produced by averaging the standardised
scores for the three production rates.

Participants were informed of the general purpose of the
experiment, and written informed consent was obtained.
The tasks were administered under laboratory conditions,
and a computer running MS-DOS was used for the com-
puter-based tasks. The tests were administered in the
following order: background questionnaire, sleep quality
questionnaires, NART, random letter generation, plus/
minus task, number/letter task, and Raven’s Progressive
Matrices. Participants were fully debriefed, paid £15 in

Table 7 Indicators of drug use
among ecstasy users and non

Ecstasy users

Non ecstasy users

ecstasy users in study 2 Mean SD n Mean SD N
Total use
Ecstasy (tablets) 373.87 54291 52 - - -
Amphetamine (g) 90.85 127.19 16 - - -
Cannabis (joints) 3,544.16 4,410.04 40 367.54 622.96 13
Cocaine (g) 57.12 92.39 21 - - -
Frequency of use (times per week)
Ecstasy 0.27 0.29 52 - - -
Amphetamine 0.04 0.13 14 - - -
Cannabis 2.78 2.65 40 0.94 1.36 13
Cocaine 0.71 1.57 21 - - -
Amount used during previous 30 days
Ecstasy (tablets) 2.18 3.17 52 - - -
Amphetamine (g) 0.04 0.13 14 - - -
Cannabis (joints) 41.14 59.45 40 17.29 42.97 12
Cocaine (g) 0.83 0.87 21 — - -
Average weekly dose
Ecstasy (tablets) 1.46 1.40 52 - - -
Amphetamine (g) 0.26 0.37 14 - - -
Cannabis (joints) 9.10 11.58 40 1.91 3.37 13
Cocaine (g) 0.30 0.38 21 - - -
Number ever used
Amphetamine 19 - - 0 - -
Cannabis 46 - - 23 - -
Cocaine 41 - - 4 - -




store vouchers, and given drug education leaflets. The
study was approved by the Ethics Committee of Liverpool
John Moores University and was administered in accor-
dance with the ethical guidelines of the British Psycho-
logical Society.

Results/discussion

The scores for background variables are set out in Table 5.
An initial ¢ test revealed that there were no significant
differences between the groups in age, premorbid intelli-
gence, Raven’s Progressive Matrices, the Epworth Sleepi-
ness Scale, sleep (hours per night), years of education, or
self-rated health, so these are not discussed any further.
Contrary to expectations, the main effect of ecstasy on
inhibition was statistically significant, F(4,88)=2.63, p<
0.05 for Pillai’s Trace. Separate univariate analyses re-
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vealed that this was due to ecstasy users producing more
letters than non-users, F(1,91)=8.29, p<0.005. There were
no differences between the groups on the other random
letter generation scores of alphabetic sequences, repeat
sequences and redundancy (F<1 in all cases). The main
effect of ecstasy use on switching was also non-significant
(F<1 for Pillai’s Trace). Separate univariate analyses re-
vealed that there were no significant between group dif-
ferences in performance on the plus/minus task or the
number/letter task (F<I in both cases) (Table 6).
Inspection of Table 7 shows that the use of other drugs
among the non-ecstasy group was limited mainly to the use
of cannabis, alcohol, and tobacco. The ecstasy users had a
lifetime dose of cannabis many times that of the non-users
(3,544 joints to 368 joints), in addition to using it more
frequently (2.78 times a week, compared to 0.94 times a
week), having smoked more in the last 30 days (41.14
joints compared to 17.29 joints), and having a larger aver-

Table 8 Correlations between
measures and indices of drug

use

Ecstasy Cannabis Cocaine Amphetamine

Total use (V) 93 76 67 85
Plus/minus switch cost -0.015 -0.136 0.196 0.106
Number/letter switch cost 0.124 0.143 0.212 0.077
Redundancy 0.028 -0.032 0.051 0.042
Repeat sequence 0.084 0.004 0.131 0.139
Alpha sequence 0.080 0.010 0.113 —0.137
Number of letters 0.228 0.174 0.018 0.032
Frequency of use (V) 93 76 67 85
Plus/minus switch cost —0.043 —0.125 0.108 0.220
Number/letter switch cost 0.071 0.050 0.144 0.139
Redundancy —-0.079 —0.145 0.041 0.034
Repeat sequence —0.062 —0.169 0.100 0.044
Alpha sequence 0.106 —0.110 0.025 —0.105
Number of letters 0.335% 0.186 0.078 —0.051
Average dose (V) 93 76 67 83
Plus/minus switch cost -0.025 -0.167 0.186 0.115
Number/letter switch cost 0.060 0.122 0.210 0.025
Redundancy 0.035 —0.056 0.048 —-0.029
Repeat sequence 0.053 —-0.017 0.129 0.097
Alpha sequence 0.071 0.033 0.120 —-0.159
Number of letters 0.283%* 0.199 0.018 0.034
Current use (N) 93 93 93 93
Plus/minus switch cost —0.106 —0.045 0.133 0.197
Number/letter switch cost 0.041 0.062 0.068 —-0.025
Redundancy —-0.109 —0.100 —-0.057 0.013
Repeat sequence —-0.155 —0.033 0.075 0.055
Alpha sequence —0.021 —0.048 0.062 —0.071
Number of letters 0.344%* 0.116 0.000 0.102
Ever used (V) 93 92 92 92
Plus/minus switch cost 0.051 0.118 —0.007 —0.073
Number/letter switch cost —0.063 —0.062 —-0.176 —0.052
Redundancy 0.028 0.050 —0.142 0.077
Repeat sequence —-0.022 0.055 -0.118 —-0.056
Alpha sequence —0.134 0.069 —-0.029 0.129
Number of letters —0.258 —0.037 —-0.018 —0.023

*p<0.01, significant correlation
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age weekly dose (9.10 joints compared to 1.91 joints). A ¢
test revealed that all these differences between the groups
except amount used in the last 30 days were statistically
significant: #(43.40; 40.80; 50.79)=4.42; 3.27; 3.65, p<
0.005, for total, frequency and average dose, respectively.
(As Levene’s test was significant, degrees of freedom have
been adjusted accordingly.)

Correlations with indices of drug use

There was no evidence of any ecstasy-related deficit on the
inhibition and switching measures, although it is possible
that other illicit drugs might exert an influence. To address
this possibility, correlations were performed with different
measures of ecstasy, amphetamine, cannabis and cocaine
use. Measures of lifetime use of each drug, the number of
times each drug was consumed each week, the amount of
each drug consumed within the last 30 days, and the
average weekly dose (i.e. total amount consumed divided
by the length of use in weeks) were all included.” For each
of these, a value of zero was entered for non-users of the
drug in question. In addition, for each illicit drug, a cat-
egorical variable in which users and non-users of each drug
were coded as 0 or 1, respectively, was included.

As in study 1, a full Bonferroni correction is not ap-
propriate in this case, as the performance measures are
intercorrelated (Sankoh et al. 1997). However, multiple
comparisons remain potentially problematic, therefore an
intermediate level of correction has been used, with cor-
relations being evaluated at p<0.01. The results are set out
in Table 8. Frequency of ecstasy use, average dose of ec-
stasy, and amount used in the last 30 days were sig-
nificantly correlated with the number of letters produced
(»<0.01). In all cases, increased ecstasy use was associated
with more letters produced. No correlations with indices of
other drug use were significant at p<0.01.

Thus, to summarize, the results of study 2 suggest that
ecstasy-related group differences are not apparent in task
switching. Ecstasy users did, however, produce significant-
ly more letters on the inhibition task, although there were
no group differences on the three other inhibition measures.
This finding is not supported by previous research and
should thus be treated with caution.

General discussion

In the present paper, the conceptual framework of Miyake
et al (2000) was used to assess executive function deficits
in ecstasy users. The results demonstrate ecstasy/polydrug
group-related deficits in memory updating and access to
semantic memory. The ecstasy/polydrug users reached a
lower level on the computation span task and recalled
fewer letters correctly on the letter-updating task. Ecstasy/

Those in the non-user group who reported that they had ever used
amphetamine or cocaine (N=1 and 4, respectively) felt that they were
unable to estimate their pattern of use accurately.

polydrug users scored higher on an intelligence test and
significantly higher on a sleep questionnaire, but the main
effect of ecstasy/polydrug use remained significant after
control for these covariates. Contrary to expectations, ec-
stasy/polydrug users actually performed better than con-
trols on the random letter generation task (used to measure
inhibition), due to their producing more letters. There were
no significant ecstasy/polydrug-related effects on the tasks
used to measure switching. Thus, the results of studies 1
and 2 provide further support for ecstasy/polydrug-related
deficits in memory updating (Montgomery et al. 2004;
Verdejo-Garcia et al. 2005; Wareing et al. 2004a) and ac-
cess to semantic memory, but not shifting (in contrast with
the findings of von Geusau et al. 2004) or inhibition.

The unanticipated effects of ecstasy on inhibition were
due to ecstasy users producing more letters. However, this
should not be taken as evidence of an ecstasy-related sur-
plus since the three other measures of random letter gen-
eration, alphabetic and repeat sequences, and redundancy,
failed to produce ecstasy group-related differences. Fur-
thermore, other studies from our laboratory have not gen-
erated group-related differences in the random generation
measures (Fisk et al. 2004).

With regard to the word fluency measures, there were no
ecstasy/polydrug-related deficits on the semantic fluency
category, and, in addition, there were no significant corre-
lations between the use of any drugs and semantic fluency.
Ecstasy/polydrug users performed worse on the S- and
C-letter categories (consistent with the results obtained by
Bhattachary and Powell 2001; Fox et al. 2002; Heffernan
et al. 2001). The deficit was more pronounced on the
C-letter category. This may be because the further con-
straints (i.e. having to give four-letter words beginning with
C) increase executive involvement, therefore making it
more difficult. Thus, although ecstasy/polydrug users did
not perform worse on the semantic category (as this was
relatively straightforward), performance declined as more
rules were imposed on the categories. This finding suggests
that ecstasy/polydrug group-related deficits are apparent in
tasks that place greater demands on the central executive vs
those where demands are relatively low. Poor performance
on the word fluency task could represent a metacognitive
deficit in ecstasy/polydrug users, whereby having no pre-
established schema to achieve a particular goal in a novel
situation such as this, they fail to select an appropriate
strategy to solve the problem or find it difficult to monitor
their performance and avoid breaking the rules (Ruff et al.
1997). The word fluency task used in the present study
imposed a longer limit compared to the verbal fluency tasks
used in other studies (e.g. Fox et al. 2002). Therefore, it is
possible that the impaired fluency may relate to attentional
deficits (with ecstasy/polydrug users failing to maintain
attention during this longer version, e.g. Jacobsen et al.
2003; McCardle et al. 2004).

Although the ecstasy/polydrug groups were clearly im-
paired in access to semantic memory (as measured by the
word fluency scores) it is difficult to attribute this deficit
solely to ecstasy use. Indeed, there is evidence that other
drugs might play a key role. Apart from ecstasy, aspects of



cocaine use were also significantly associated with word
fluency performance. Indeed, it may be that the word flu-
ency effects were a product of polydrug use. More spe-
cifically, since all of the cocaine users also used ecstasy it
remains possible that the correlations observed relate to the
joint use of the two substances. Equally, although the pres-
ent study suggests that there is a relationship between
cocaine use and word fluency performance, this has only
been demonstrated among ecstasy users. It remains to be
seen whether the same pattern of associations apply among
non ecstasy users. Evidence of cocaine-related deficits in
word fluency has been forthcoming (e.g. Strickland et al.
1993) and in view of the present findings an attempt to
disentangle the relative effects of ecstasy and cocaine on
this aspect of executive functioning would be an important
area for future research.

The level of other drug use among ecstasy users also
made interpretation of the memory updating results dif-
ficult. Although the MANOVA and ANOVA analyses
yielded significant group-related differences, surprisingly,
none of the correlations between indices of ecstasy use and
the updating measures were statistically significant at the
corrected significance level («=0.01). Furthermore, mea-
sures of cannabis use rather than equivalent ecstasy use
measures seem to be important predictors of computation
span performance. Although the significant relationship
between computation span and aspects of cannabis use
is consistent with cannabis-related effects reported else-
where (e.g., Croft et al. 2001) this finding should be treated
with some caution, as Fisk et al. (2004) found that ecstasy
group-related deficits in computation span remained sta-
tistically significant following control for various measures
of cannabis (and other drug) use. Interestingly, in contrast to
the negative relationship between aspects of cocaine use
and word fluency performance, measures of cocaine use
were not significantly correlated with letter updating and
computation span performance.

It has been suggested that ecstasy-related cognitive def-
icits may be because ecstasy users get less sleep (e.g. Cole
et al. 2002b). In the present study, there were no group
differences in self-reported hours of sleep per night. There
were significant differences on the Epworth Sleepiness
Scale, with ecstasy/polydrug users scoring higher than non-
users (indicating that they were more likely to doze off
during the day). However, ANCOVA with this as a cova-
riate left the main effect of ecstasy/polydrug use on mem-
ory updating and semantic fluency significant, suggesting
that cognitive deficits in ecstasy/polydrug users are not
mediated by differences in sleep quality. Although all par-
ticipants were recruited from the university population, the
ecstasy/polydrug-related group differences in Raven’s Pro-
gressive Matrices scores approached significance in study
1, indicating that they have a higher IQ than non-users.
Controlling for differences in IQ increased the ecstasy-
related deficits in updating and word fluency, suggest-
ing that studies in which IQ has not been assessed may
potentially underestimate the cognitive deficits (e.g. von
Geusau et al. 2004). Although there was a gender imbal-
ance between the user and non-user groups, all significant
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main effects remained significant after control for gender.
This suggests that in the present study, gender was not a
significant contributory factor to cognitive impairment and
therefore contradicts some previous research findings (e.g.
McCann et al. 1994; Liechti et al. 2001; Reneman et al.
2001; von Geusau et al. 2004).

The focus of the present study was intended to be ecstasy
use. However, a number of other illicit drugs consumed by
the participants tested here appear to have produced effects
on the measures that were administered. How might these
effects be explained? As research has shown that concom-
itant use of amphetamine by ecstasy users reduces the
density of nigrostriatal dopamine neurones (Reneman et al.
2002), it is possible that the apparent cocaine effects in the
present study may relate to the exacerbatory effects cocaine
also has on the dopamine system in ecstasy users. Unfor-
tunately, as 21 out of 27 ecstasy users had tried cocaine,
with 14 of these able to estimate their lifetime usage (com-
pared to 4 and 0 in the non-ecstasy group) the degree of
overlap was such that it was not possible to state defin-
itively whether the significant relationships that were ob-
served were due to cocaine use or to the combined effects
of cocaine and ecstasy.

In study 2, frequency of ecstasy use, average ecstasy
dose, amount used in the last 30 days and the ecstasy user/
non-user variable were significantly correlated with the
number of letters produced. However, although this out-
come cannot be ignored, it is noteworthy that none of the
other random generation measures were significantly cor-
related with aspects of ecstasy use. Correlations between
number of letters produced and other drugs were non-
significant.

Thus, combining the results of studies 1 and 2, it is
possible that although ecstasy/cannabis-related deficits are
apparent in memory updating and deficits in access to se-
mantic memory are a product of cocaine use, ecstasy use or
a combination of the two, the other executive components
may be not be susceptible to the effects of ecstasy/polydrug
use.

It is known that MDMA affects both serotonergic and
dopaminergic systems (e.g. Kish 2002), whereas cocaine
may affect dopaminergic networks (Volkow et al. 2001),
and cannabis, the dopaminergic system (through interac-
tion between the endocannabinoid and dopaminergic
system; Ng Cheong Ton and Gardner 1986; Giuffrida
et al. 1999). Thus, these data are consistent with functional
neuroimaging studies indicating that ecstasy/polydrug-re-
lated neurotransmitter changes may be concentrated in the
dorsolateral and parietal regions of the prefrontal cortex
(Cohen et al. 1996) and, in addition, may give rise to sig-
nificantly lower grey matter concentrations in multiple
brain regions (bilateral BA 18 and cerebellum, left BA 21
and left BA 45, as well as the midline brainstem; Cowan
et al. 2003). Memory updating has been particularly linked
to the dorsolateral prefrontal cortex (Goldman-Rakic
1996), whereas performance on the letter-updating task is
most strongly associated with the left fronto-polar cortex
(Van der Linden et al. 1999). Lesion studies have also im-
plicated the left dorsolateral prefrontal cortex in impaired
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letter- and category-based fluency (Stuss et al. 1998) and in
impaired fluency among children (Levin et al. 2001). Thus,
it is likely that the deficits observed in the present study
reflect reduced serotonergic/dopaminergic functioning in
the prefrontal cortex. Although outside the scope of this
study, it is possible that whereas ecstasy may affect mem-
ory updating and access through serotonergic depletions
in the dorsolateral and parietal prefrontal regions (Cohen
et al. 1996), cannabis may affect hippocampal areas re-
sulting in deficits in short-term memory (e.g. Solowij et al.
1992, 2002). Therefore, future research should concentrate
on investigating the differential effects of each recreational
drug on the different cognitive functions.

As with most studies in this area, there are a number
of limitations. Due to the quasi-experimental design of
the study, it is possible that the groups in each study may
have differed on some variable other than ecstasy use.
Some possibilities have been excluded such as intelli-
gence (NART and Raven’s) and aspects of sleep quality.

Clearly there were differences in the use of other illicit
drugs. Group differences in other variables such as general
health, nutrition, or some premorbid condition predating
drug use (Verheul 2001) cannot be ruled out; neither could
we guarantee the purity of the tablets consumed by the
ecstasy users in the present studies (Cole et al. 2002a),
although in a recent review of the literature, Parrot (2004)
reports that analysis of the contents of ecstasy tablets from
amnesty bins in nightclubs revealed that purity of tablets is
approaching 100% MDMA. Furthermore, due to limited
resources we were unable to provide an objective measure
of recent drug use (e.g. from hair or urine samples). How-
ever, most published studies testing cognitive deficits
among ecstasy users have not used these techniques (e.g.
Fox et al. 2002; Morgan 1998, 1999; Rodgers 2000). All
participants reported being drug free for at least 7 days
(mean abstinence period was actually over 5 weeks for both
groups, median abstinence period over 2 weeks), and we
have no reason to believe this information to be false (par-
ticipants were not informed that they would be excluded
before testing). Due to the unreliable nature of our sample,
it was not possible to test all of the participants in study 1
and 2 on measures to assess all four target executive func-
tions. However, the samples were matched for age and
intelligence, so we have no reason to believe that the results
would be different had we used one group. The mean ab-
stinence period was also longer for study 2 than study 1 (22
weeks compared to 5 weeks), but as the period of ecstasy
intoxication should have long passed (and the median
period was over 2 weeks in both studies), and serotonin
levels increased again, we did not think that this was an
important factor.

The present studies provide further support for recent
theoretical models of executive functioning suggesting that
the central executive may not be a unified structure (e.g.
Baddeley 1996; Lehto 1996 Miyake et al. 2000). Using a
range of executive tasks to assess each of the four com-
ponents, this study found that the effects of ecstasy/poly-
drug use on executive functions are not uniform, with

ecstasy/polydrug users performing worse on the updating
and access tasks, but not the shifting and inhibition tasks,
which appear to be relatively unaffected by recreational
ecstasy/polydrug use. This study highlights the importance
of a multicomponent approach to executive functions, not
only in drug-related research, but also in other neuropsy-
chological testing populations, and is in line with other
studies that provide support for the validity of this frag-
mented approach to executive functions (e.g. Fisk and
Sharp 2004).

In conclusion, the findings presented here suggest that
cognitive impairments in ecstasy users may also be related
to the concomitant use of other drugs. By way of summary,
ecstasy-related deficits in memory updating and access to
semantic memory are apparent, although both also seem to
be related to aspects of cannabis and cocaine use, re-
spectively. The study highlights the importance of a mul-
ticomponent approach to executive processes in samples of
drug users.
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