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Recreational Use of “Ecstasy” (MDMA) Is 
Associated with Elevated Impulsivity

 

Michael J. Morgan, Ph.D.

 

Recent preclinical evidence suggests that repeated exposure 
to 3, 4-methylenedioxy-methamphetamine (MDMA; 
“ecstasy”) produces long-term reductions in serotonin (5-
HT) levels. 5-HT has been implicated in the regulation of 
mood, anxiety, aggression, impulsivity, and cognition. 
Accordingly, in the first of two separate studies, these 
variables were investigated in three groups: (1) MDMA 
group—recreational ecstasy users (who also used other 
illicit substances); (2) polydrug controls—who had never 
taken ecstasy, but otherwise had drug histories and personal 
characteristics similar to the ecstasy users; and (3) nondrug 
controls—who had never used illicit drugs, but had similar 
personal characteristics. All participants completed mood 
(Likert) scales, personality questionnaires (which included 
the impulsiveness, venturesomeness and empathy 
questionnaire–IVE), spatial span and “Tower of London” 
(TOL) tests, and a behavioural measure of impulsivity, the 
matching familiar figures test (MFF20). There were no 
group differences in mood, anxiety, anger/hostility, and 
cognitive performance, but the MDMA group committed 
significantly more errors in the MFF20. Subsequently, a 

larger sample of participants were administered mood (the 
General Health Questionnaire or GHQ) and personality 
(IVE) questionnaires before the administration of a TOL 
test, followed by the MFF20, and a second TOL test. 
Although there were no group differences in TOL 
performance, ecstasy users were again found to commit 
more errors in the MFF20 than polydrug users. 
Furthermore, the GHQ and IVE scores of the ecstasy users 
in the second study indicated, respectively, that they were 
more psychologically disturbed and impulsive than 
nondrug controls. The combined data from the two studies 
indicated that ecstasy users exhibited elevated impulsivity 
on both self-report and behavioral measures and that those 
who had taken the most ecstasy had the most elevated trait 
impulsiveness scores. These findings are consistent with 
previous evidence that elevated levels of impulsivity in humans 
are associated with reduced levels of serotonergic function. 

 

[Neuropsychopharmacology 19:252–264, 1998]
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Considerable preclinical evidence has accumulated that “ec-
stasy” (3, 4-methylenedioxymethamphetamine or MDMA)

causes long-term decreases in brain 5-HT and 5-HIAA
concentrations and suspected 5-HT axon terminal de-
generation in a variety of animal species (for reviews,
see McKenna and Peroutka 1990; Steele et al. 1994;
Green et al. 1995; Frederick and Paule 1997). Recent evi-
dence from studies with human participants is consis-
tent with these findings. Recreational ecstasy users
have been reported to exhibit significantly lower CSF
5-HIAA levels (Ricaurte et al. 1990; McCann et al. 1994),
and in a recent PET study, ecstasy users were found to
have reduced 5-HT transporter binding in all brain re-
gions, as compared to ecstasy-naive controls (Szabo et
al. 1997).
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Serotonin has been implicated in the regulation of
mood, anxiety, aggression, and impulsivity. Transient
reductions in 5-HT activity, induced by tryptophan de-
pletion, have been reported to produce a rapid lower-
ing of mood in normal males (Young et al. 1985; Smith
et al. 1987) and relapse in recently remitted depressed
patients (Delgado et al. 1990). Furthermore, there is evi-
dence that disorders of central serotonergic neurotrans-
mission, as reflected by low levels of 5-HIAA, are asso-
ciated with anxiety (e.g., Garvey et al. 1995), impulsive
and aggressive personality traits (e.g., Linnoila et al.
1993), and suicidal behavior (Traskman-Bendz et al.
1986). It has also been proposed that 5-HT may play an
orchestrating role in cognition, and that extreme devia-
tions of 5-HT activity can result in biases in cognitive
processing (Spoont 1992) and impairments in learning
and memory (e.g., Hunter 1988).

Despite this evidence, the possible long-term psy-
chological sequelae of ecstasy use in humans has re-
ceived relatively little attention from researchers, partly
because most controlled laboratory studies of the effects
of repeated administration of ecstasy are precluded for
legal and ethical reasons. Nevertheless, preliminary ev-
idence has emerged that recreational use of ecstasy
may, indeed, be associated with differences in psycho-
logical measures. In addition to significantly lower lev-
els of CSF 5-HIAA, Ricaurte et al. (1990) reported that
their sample of 30 recreational ecstasy users exhibited
lower scores on personality measures of impulsivity
and indirect hostility (McCann et al. 1994). There are
also reports that recreational ecstasy users exhibited
significant decrements in working memory in ecstasy
users, as compared with alcohol users (Curran and
Travill 1997), and were impaired on tests of immediate
and delayed recall, as compared to nonusers, although
they were unimpaired on other neuropsychological
tests (Krystal and Price 1992; Parrott 1997).

One of the problems encountered with investigation
of the potential effects of MDMA in humans, however,
is that the majority of recreational ecstasy users also use
many other illicit drugs. All previous investigations of
the psychological sequelae of recreational ecstasy use
have failed to control adequately for the possible long-
term influence of other illicit, and legal (e.g., alcohol),
drugs on behavior. A strategy that can be adopted to
identify the psychological sequelae associated with ec-
stasy use specifically, as distinct from those associated
with the use of illicit drugs generally, is to compare the
performance of ecstasy users not only with that of par-
ticipants who have never taken any illicit drugs, but
also with a group of polydrug users, who have used
similar amounts of other illicit drugs, but have never
taken ecstasy. The first of the present studies employed
this design to determine if a history of recreational ec-
stasy use is specifically associated with functional do-
mains in which 5-HT has been implicated, including:

mood, anxiety, anger/hostility, impulsivity, and cogni-
tive performance.

The results of the first study indicated that ecstasy-
users committed significantly more errors in a behavioral
test of impulsivity, but there were few other significant
differences between the ecstasy users and participants
in the other two groups. In light of the potential theoret-
ical implications of the evidence for elevated behavioral
impulsivity in the first study, another, larger, sample of
participants was recruited, and a second study was con-
ducted to determine the reliability of this finding. Fi-
nally, because both studies employed the same design,
the data from measures that were common to both were
combined for further analysis.

 

METHODS (STUDY 1)

Participants

 

Forty-four participants participated in the first study:
16 recreational ecstasy users (MDMA group), 12 poly-
drug controls, and 16 nondrug controls. The demo-
graphics of the study groups are shown in Table 1. All
participants were university students or graduates who
were recruited by poster advertisements and word of
mouth and were first screened for eligibility by inter-
views. For inclusion in the MDMA group, individuals
had to be in good health, to have used ecstasy on at
least 20 occasions, and could not have any of the exclu-
sionary criteria (see below). To be admitted to the poly-
drug control group, participants had to meet all of these
criteria, and have a drug-use history that was similar to
that of the MDMA participants, with the exception be-
ing that they must have no history of ecstasy exposure.
To be in the nondrug control group, participants had to
meet the same personal characteristics criteria, and
have no history of use of illicit drugs.

Information about past use of ecstasy was obtained
in several ways: (1) a preliminary telephone or face-to-face
interview; (2) a general drug-use questionnaire; and (3)
a specific ecstasy-use questionnaire that requested infor-
mation on the duration of usage, the last time used, the
amount (number of tablets) used in the last month, the
frequency of use per month, the average amount taken
per session, the maximum amount taken per session,
and the total amount taken in the participant’s lifetime.

Exclusionary criteria for all groups included past or
present major illnesses, pregnancy, history of psycho-
sis, current major depressive disorder, and alcohol or
opiate dependence. Participants who passed the initial
screening were administered the National Adult Read-
ing Test (NART) (Nelson 1982) to ensure an adequate
knowledge of English (they were required to score
fewer than 25 incorrect answers to participate), and to
provide an estimate of premorbid IQ. The study was
approved by the local health authority ethics committee.
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Psychological Measures 

 

Mood Scales.  

 

All participants were administered a cur-
rent mood questionnaire which comprised nine 6-point
Likert scale items (happy, depressed/blue, joyful, un-
happy, pleased, enjoyment/fun, frustrated, worried/
anxious, angry/hostile) with a rating of 0 indicating
“not at all,” and a rating of 6 indicating “extremely.”

 

Questionnaire Measures.  

 

All participants were also
administered the State-Trait Anxiety Inventory (STAI)
(Spielberger et al. 1983), the State-Trait Anger Expression
Inventory (STAXI, Spielberger 1988), and the Impulsive-
ness, Venturesomeness, and Empathy scale (IVE) (Eysenck
and Eysenck 1991). The IVE yields three independent
scores for impulsiveness, venturesomeness, and empa-
thy, which range from 0 to 19 for impulsiveness and
empathy, and from 0 to 16 for venturesomeness. High
scores indicated high levels of these personality charac-
teristics. The STAI produces a score for state and trait
anxiety levels, which ranges from 20 to 80 in both cases.
Low scores indicated low anxiety levels. The STAXI
yields state (S-Anger), and trait (T-Anger), anger/hos-
tility scores that were converted into 

 

t

 

-scores based on
normalized linear transformations, according to the
STAXI professional manual. High scores indicated ele-
vated levels of anger/hostility.

 

CANTAB Measures.

 

T

 

OWER

 

 

 

OF

 

 L

 

ONDON

 

.  Cognitive functioning was in-
vestigated with the use of the Cambridge Neuropsycho-
logical Test Automated Battery (CANTAB), Working
Memory and Planning Battery: a suite of computerized
tests, employing a touch-sensitive screen, which has
been used to examine differential patterns of cognitive
deficits in frontal lobe patients (e.g., Owen et al. 1990).
Participants were administered the CANTAB “Tower of
London” (TOL) test, a test of planning that taxes central
executive function and is based on the test developed
by Shallice and McCarthy (Shallice 1982). Participants
were required to compare two different arrangements
of different colored “balls” in “pockets” (one on the top
half of the screen and one on the bottom half) and to re-

arrange the balls in the lower half of the screen so that
their positions match the “goal” arrangement in the up-
per half screen, in the minimum number of moves. Af-
ter six practice trials, there were 2, 3, 4, and 5 move
problems, which demanded that participants plan the
solution to the problem prior to the first move. The
number of moves required by the participant to rear-
range the balls correctly and the selection and move-
ment latencies for both the first and subsequent moves
were recorded. A “yoked control” condition for each
test condition was employed to provide baseline mea-
sures of motor initiation and execution times in milli-
seconds. In this condition, the solutions the participant
had generated previously, for the 2, 3, 4, and 5 move
problems, were played back, one move at a time, and
the participant simply had to follow these movements.
Several measures were recorded: “number of excess
moves” refers to the number of moves above the mini-
mum possible that were required to complete a particu-
lar solution; “proportion of perfect solutions” refers to
the proportion of total problems that were solved in the
minimum possible number of moves; “initial thinking
time” refers to the time between presentation of the
problem and the first touch of the screen; and “subse-
quent thinking time per move” refers to the time be-
tween the first move of the solution and the completion
of the problem, divided by the number of moves taken
for that problem. For both initial and subsequent think-
ing times, simple movement times, derived from the
yoked control condition, were subtracted from the total
thinking times to provide an accurate estimate of pure
planning time, unconfounded by any motor deficits.
Specifically, “motor initiation” times were subtracted
from the initial thinking times, and “motor execution”
times were subtracted from the subsequent thinking
times.

S

 

PATIAL

 

 S

 

PAN

 

.  Participants were also administered
the Spatial Span (Span) test, from the CANTAB Work-
ing Memory and Planning Battery, to investigate the
“visuo-spatial sketchpad” component of Baddeley’s
theory of working memory (Baddeley, 1990). A pattern
of white squares was shown on the touch-screen. Some

 

Table 1.

 

Means (Standard Deviations) for Personal Characteristics (Study 1)

 

Nondrug Control (

 

N

 

 

 

5

 

 16)
Polydrug

Control (

 

N

 

 

 

5

 

 12) MDMA (

 

N

 

 

 

5

 

 16)

 

Age 21.87 (6.09) 20.25 (1.48) 20.94 (1.88)
Gender

 

a

 

1.62 (0.50) 1.42 (0.51) 1.50 (0.52)
Height, cm 171.3 (9.99) 172.3 (7.65) 170.0 (10.0)
Weight, kg 69.15 (12.91) 62.22 (7.18) 61.26 (9.63)
Education

 

b

 

2.69 (0.60) 2.67 (0.49) 2.94 (0.25)
Est. IQ

 

c

 

113.5 (6.41) 112.3 (4.76) 114.9 (5.60)

 

a

 

Males coded as 1; females as 2.

 

b

 

1 

 

5

 

 GCSE, 2 

 

5

 

 A-level, 3 

 

5

 

 HND

 

1

 

.

 

c

 

Estimated from NART scores.
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of the squares changed color, one-by-one, in a variable
sequence. At the end of the presentation, a tone indi-
cated that the participant should touch each of the
squares that changed color in the same sequence as they
were presented. The task became progressively more
difficult, as the number of squares in the sequence was
increased from two, at the start of the test, to a maxi-
mum of nine. There were three sequences at each level
of difficulty. If the participant was unable to repeat all
sequences at any one level, the three sequences at the
next level were presented, but then the test was termi-
nated. Participants were given one practice trial before
commencing at the two-square level. Three dependent
variables were derived: spatial span (highest possible
span = 9), number of sequence errors made, and the
number of usage errors made (the number of times a
box was pressed that was not illuminated during the
task). The sequence of administration of the TOL and
Span tests were counterbalanced to avoid order effects.

M

 

ATCHING

 

 F

 

AMILIAR

 

 F

 

IGURES

 

 T

 

EST

 

.  Finally, partici-
pants were administered a behavioral measure of im-
pulsivity—the 20 item Matching Familiar Figures Test
(MFF20), which was derived from the original Match-
ing Familiar Figures Test (Kagan et al. 1964), by Cairns
and Cammock (1978). The test format of the MFF20, in-
volves simultaneous presentation of a stimulus figure
and an array of six alternatives, all except one of which
differ one or more details. The subject was then asked
to select from the alternatives the figure that exactly
matched the standard. Each subject was given two
practice items followed by 20 test items. If their initial
selection was incorrect, they were told that they were
wrong and were asked to try again. For each subject,
the 20 items were scored according to the time to first
response, the first position indicated, and the number of
errors made before the correct match. Three dependent
variables were analyzed: (1) the mean latency to first re-
sponse; (2) the total number of errors committed; and
(3) an “I score”—a composite index of impulsivity, orig-
inally derived by Salkind and Wright (1977) and vali-
dated by Messer and Brodzinsky (1981), which was cal-
culated by subtracting the standard score of the mean
latency to first response from the standard score of the
total number of errors committed (
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).

 

Statistical Analyses.  

 

The data were analysed using
multivariate analysis of variance, and Duncan’s multi-
ple range test was employed for post hoc analyses.

 

RESULTS (STUDY 1)

Personal Characteristics and Drug Histories

 

Multivariate analysis of variance (MANOVA) of the
personal characteristics of participants in the three ex-
perimental groups (MDMA, polydrug control, and non-

drug control) indicated that they were not significantly
different in terms of their age, gender ratio, education
level achieved, height, weight, or estimated premorbid
IQ (see Table 1). Furthermore, analysis of self-reported
drug use histories of participants in the two polydrug-
using groups (MDMA and polydrug controls) showed
that their duration of use of alcohol, cannabis, and am-
phetamine was not significantly different, nor was their
consumption of cigarettes in the week prior to testing,
alcohol and cannabis in the previous month, or amphet-
amine in the previous year (see Table 2). Self-reported
use of other classes of illicit drugs was not sufficiently
frequent for comparison with parametric statistics.
However, the drug histories of the two groups seemed
similar in terms of use of LSD, pscilocybin mushrooms,
and benzodiazepines. Eleven of the 16 MDMA partici-
pants, and seven of the 12 polydrug control participants
reported occasional use of LSD. Six of the MDMA par-
ticipants and seven of the polydrug control participants
reported occasional use of psilocybin mushrooms.
Three of MDMA participants and two of the polydrug
control participants reported occasional use of benzodi-
azepines. The groups did differ with respect to their (in-
frequent) use of cocaine, amylnitrite, and barbiturates.
Six of the MDMA participants reported having used co-
caine but only on one occasion, and more than a month
prior to testing, in all cases. Three of the MDMA partici-
pants reported occasional use of amylnitrate (“pop-
pers”) more than 2 months prior to testing. One poly-
drug control subject reported once having used an
unknown barbiturate. Finally, one of the nondrug con-
trol participants admitted to having used cannabis on
one occasion several years before testing.

 

MDMA Use

 

Characteristics of self-reported MDMA use among the
16 participants in the MDMA group are summarized in
Table 3. Seven of these participants reported that they

 

Table 2.

 

Means (Standard Deviations) for Self-Reported 
Drug Consumption (Study 1)

 

Polydrug Control MDMA Group

 

Alcohol (units)
Consumed per month 85.67 (54.7) 67.12 (52.0)
Duration of use (years) 7.25 (2.49) 8.31 (3.00)

Cigarettes
Smoked per week 71.67 (73.3) 64.81 (59.9)

Cannabis (joints)
Smoked per month 50.5 (42.1) 59.75 (42.4)
Duration of use (years) 4.67 (1.56) 5.69 (1.89)

Amphetamine (grams)
Comsumed per year 19.2 (21.1) 17.2 (15.0)
Duration of use (years) 2.42 (1.56) 2.56 (1.97)

LSD (“trips”)
Consumed per year 18.33 (37.25) 6.19 (11.93)
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had taken ecstasy within the week before to testing, al-
though none had taken it for at least 3 days prior to test-
ing. The number of participants who reported long-
term psychological problems they attributed to their
use of ecstasy is summarized in Table 4.

 

Questionnaire Measures

 

Multivariate analysis of variance of the Likert scale
items: happy, depressed/blue, joyful, unhappy, pleased,
enjoyment/fun, frustrated, worried/anxious, angry/
hostile indicated that there were no significant differ-
ences between groups (MDMA, polydrug control, and
nondrug control) for any of these mood states at the
time of testing. Similarly, analysis of state and trait anx-
iety, and anger/hostility, measures derived from the
STAI and STAXI, respectively, indicated that there were
no significant differences between the groups in terms
of these measures of anxiety and anger. Finally, analy-
sis of the scores on the impulsiveness, and empathy,
subscales of the IVE, indicated that there were no signif-
icant differences between the groups in terms of these
trait measures. There was, however, a significant differ-
ence between scores on the venturesomeness subscale
[F (2,41) 

 

5

 

 5.896, 

 

p

 

 

 

5

 

 .006]. 

 

Post hoc

 

 analysis with Dun-
can’s test indicated that this difference was attributable
to the elevated levels of trait venturesomeness of partic-

ipants in the two illicit drug-using groups, as compared
to those in the nondrug using control group (see Table 5).

 

Behavioral Measures

 

Multivariate analysis of variance of spatial span, total
number of sequence errors made, and total number of
usage errors made (the number of times a box was
pressed that was not illuminated during the spatial
span task) indicated that participants in the three exper-
imental groups (MDMA, polydrug control, and non-
drug control) were not significantly different in terms
of any of these measures of spatial span performance.
Similarly, analysis of the “number of excess moves,”
“proportion of perfect solutions,” “initial thinking
time,” and “subsequent thinking time per move” mea-
sures of TOL performance indicated that there were no
significant differences between groups for any of these
measures (see Table 6).

Finally, analysis of the measures of MFF20 perfor-
mance indicated that there were no group differences in
the mean latencies to first response, but there was a
highly significant difference between groups in the total
number of errors committed [F (2,41) 

 

5

 

 9.072, 

 

p

 

 

 

5

 

 .001],
and the derived “I scores” [F (2,41) 

 

5

 

 5.103, 

 

p 

 

5 

 

.010].

 

Post hoc

 

 analysis with Duncan’s test indicated that this
effect was attributable to the fact that participants in the

 

Table 3.

 

Means (Standard Deviations) for Self-Reported Ecstasy Use (Studies 1 and 2)

 

Study 1 (

 

N

 

 

 

5

 

 16) Study 2 (

 

N

 

 

 

5

 

 25)

 

Number of male participants 8 13
Number of female participants 8 12
Period since last use, days 20.4 (33.6) 65.1 (85.7)
Duration of use, years 2.12 (1.36) 4.12 (1.27)
Frequency of use per month 2.94 (0.93) 4.36 (1.15)
Average amount used per session, tablets 1.12 (0.34) 1.47 (0.78)
Maximum amont used per session, tablets 2.28 (1.25) 3.78 (2.17)
Estimated total lifetime usage, tablets 35.6 (17.5) 49.6 (33.2)

 

Table 4.

 

Number of Participants Reporting Various Long-Term Side-Effects of Ecstasy 
(Studies 1 and 2)

 

Study 1 (

 

N

 

 

 

5

 

 16) Study 2 (

 

N

 

 

 

5

 

 25)

 

More susceptible to anxiety 5 (1M,4F) 12 (7M,5F)
More susceptible to depression 3 (1M,2F) 7 (2M,5F)
More aggressive/irritable 4 (2M,2F) 6 (5M,1F)
Mood swings 4 (0M,4F) 6 (5M,1F)
Loss of appetite 3 (1M,2F) 6 (3M,3F)
Sleep problems 2 (1M,1F) 5 (1M,4F)
Reduced ability to concentrate 6 (1M,5F) 4 (1M,3F)
Impaired memory 1 (0M,1F) 4 (2M,2F)
Mental slowness 2 (1M,1F) 3 (1M,2F)
Paranoia 0 (0M,0F) 2 (1M,1F)

Total 10 (4M,6F) 21 (11M,10F)
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MDMA group committed more than twice as many er-
rors in the MFF20 task than participants in the other
two control groups (see Table 6).

 

STUDY 2

 

Limitations with the previous study included: small
sample sizes, lack of information about the type of ec-
stasy tablets taken, and the fact that seven of the 16 par-
ticipants in the MDMA group reported that they had
taken ecstasy within the week prior to testing, although

none reported having had taken any for at least 3 days
prior to testing. The present study sought to address
these limitations by recruiting a larger sample of partic-
ipants for each group, with more MDMA participants
who had not taken ecstasy for several weeks, and ask-
ing participants to identify the total number of each
type of ecstasy tablet that they had taken. Because the
questionnaire measures of mood state, and state- and
trait-anxiety, and anger/hostility employed in the pre-
vious study had failed to differentiate between groups
in both that study and earlier ones (Callow 1996; Davies
1996), these measures were replaced by a single ques-

 

Table 5.

 

Means (Standard Deviations) for Questionnaire Measures

 

Nondrug
Control (

 

N

 

 

 

5

 

 16)
Polydrug

Control (

 

N

 

 

 

5

 

 12) MDMA (

 

N

 

 

 

5

 

 16)

 

Mood
Happy 3.19 (1.60) 3.25 (0.87) 3.19 (0.91)
Depressed/blue 0.81 (1.11) 0.92 (1.62) 0.75 (0.93)
Joyful 2.50 (1.71) 2.33 (1.23) 2.44 (1.41)
Unhappy/sad 0.62 (0.81) 0.58 (1.00) 0.56 (0.81)
Pleased 2.50 (1.67) 2.50 (1.00) 2.62 (1.15)
Enjoyment/fun 2.81 (1.97) 2.92 (1.31) 2.62 (1.45)
Frustrated 1.25 (1.48) 1.25 (1.66) 1.19 (1.47)
Worried/anxious 1.94 (1.44) 1.42 (1.56) 1.19 (1.17)
Angry/hostile 0.44 (1.26) 0.33 (0.89) 0.12 (0.50)

Personality
State anxiety 39.31 (12.28) 39.33 (13.97) 34.31 (8.01)
Trait anxiety 39.06 (8.82) 41.41 (8.72) 38.68 (10.84)
Impulsiveness 8.56 (4.59) 9.75 (3.89) 10.50 (4.47)
Venturesomeness 7.25 (3.49) 11.17 (4.47) 11.44 (3.52)

 

a

 

Empathy 13.37 (4.47) 14.75 (3.49) 13.75 (5.00)
State anger 50.56 (5.02) 51.33 (5.84) 51.00 (4.26)
Trait anger 49.06 (9.36) 51.67 (7.76) 52.69 (9.46)

 

a

 

Significant difference between groups at the .05 probability level.

 

Table 6.

 

Means (Standard Deviations) for Behavioral Measures

 

Nondrug
Control (

 

N

 

 

 

5

 

 16)
Polydrug

Control (

 

N

 

 

 

5

 

 12) MDMA (

 

N

 

 

 

5

 

 16)

 

Spatial span
Span 6.69 (1.35) 6.00 (1.41) 6.87 (1.02)
Total errors 11.87 (6.00) 14.75 (5.95) 13.25 (4.95)
Usage errors 1.81 (1.11) 2.17 (1.75) 2.37 (2.39)

Tower of London
Excess moves per problem 1.27 (0.64) 1.42 (0.74) 1.52 (0.88)
Proportion perfect solutions 61.46 (15.78) 61.11 (18.91) 59.06 (19.99)
Initial thinking time, ms 3688 (3047) 4668 (3686) 3434 (2106)
Subsequent thinking time,

ms per move 1070 (802) 1541 (1510) 1561 (1335)
Matching familiar figures test

Latency to first response 16.19 (5.83) 14.73 (5.27) 12.48 (6.64)
Total errors committed 5.18 (3.10) 4.83 (2.25) 11.81 (7.57)

 

a

 

“I score”

 

20.67 (1.28) 20.49 (1.16) 1.04 (2.19)b

aSignificant difference between groups at the .001 probability level.
bSignificant difference between groups at the .01 probability level.
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tionnaire measure of current psychological health sta-
tus, the 12-item General Health Questionnaire (GHQ)
(Goldberg 1978). The IVE was retained, because it had
diffferentiated between groups in both the previous
study and an earlier investigation (Callow).

A similar policy was adopted toward the behavioral
measures employed in the previous study. The
CANTAB spatial span test was dispensed with, and the
TOL was retained and repeated on two successive occa-
sions to explore the possibility that it might differenti-
ate between groups more effectively once participants
had become familiar with the task. Finally, the MFF20
test was administered again, interposed between the
two TOL tests.

There was one other innovation in the present study.
Before the administration of the first TOL test, partici-
pants were presented with a brief audiotaped news
story taken from the Rivermead Behavioral Memory
Test (Wilson et al. 1985) and were then tested for imme-
diate recall. They were subsequently tested for delayed
recall after completion of the second TOL test. The re-
sults of the latter test have been submitted for publica-
tion elsewhere.

METHODS (STUDY 2)

Participants

Sixty-four participants participated in the second study:
25 ecstasy users (MDMA group), 20 polydrug controls;
and 19 nondrug controls. The demographics of the
study groups are shown in Table 4. Again, all partici-
pants were university students or graduates who were
recruited by poster advertisements and word of mouth.
All participants were first screened for eligibility by in-
terviews using the criteria employed in the first study.
In addition to obtaining information about past ecstasy
consumption through the use of an interview and a
questionnaire, participants were also requested to iden-
tify the number of each type of tablet they had ever
taken with the aid of a list of available “brands.” Four
participants were excluded from the study: two poly-
drug controls because of exceptionally high NART
scores; one MDMA participant who was taking antide-
pressant medication, and one nondrug control because
of recent alcohol intoxication.

Psychological Measures

On the test day, participants were administered the 12-
item GHQ and the IVE. They were then instructed to
listen to a brief audiotaped news story taken from the
Rivermead Behavioral Memory Test (RBMT) and were
tested for immediate recall. The participants then com-
pleted two successive TOL tests and an intervening
MFF20 test. After they had completed these tests, 40–50

min after the story had been presented, subjects were
tested for delayed recall. Again, MANOVA was used to
compare the data from the three experimental groups,
and Duncan’s multiple range test was employed for
post hoc analyses. The Pearson product-moment correla-
tion coefficient was used as a measure of correlation.

RESULTS (STUDY 2)

Personal Characteristics and Drug Histories

Multivariate analysis of variance of the personal charac-
teristics of participants in the three experimental groups
(MDMA, polydrug control, and nondrug control) indi-
cated that they were not significantly different in terms
of their age, gender ratio, education level achieved,
height, weight, or estimated premorbid IQ (see Table 7).
Furthermore, analysis of self-reported drug use histo-
ries of participants in the two polydrug-using groups
(MDMA and polydrug controls) showed that they were
not significantly different in terms of their duration of
use of alcohol, cigarettes, cannabis, amphetamine, and
LSD. Generally, there were also no group differences in
estimated total consumption of: alcohol, cigarettes, and
cannabis per week; amphetamine and inhalants (“pop-
pers”) per month, or cocaine, LSD, and psilocybin
mushrooms in the previous year (see Table 8). In the
MDMA group, however, eight participants reported oc-
casional use of benzodiazepines, three reported having
used barbiturates, and two reported having taken ket-
amine; whereas, none of the participants in the poly-
drug control group reported having used these drugs.

MDMA Use

Characteristics of self-reported MDMA use among the
25 participants in the MDMA group are summarized in
Table 3. Five of these participants reported that they
had last taken ecstasy within the week prior to testing,
although none had taken it for at least 3 days prior to
testing. The number of participants who reported long-
term psychological problems which they attributed to
their use of ecstasy is summarized in Table 4.

Questionnaire Measures

The IVE trait empathy scores were not significantly dif-
ferent between the three groups, but there were signifi-
cant differences in their trait impulsiveness [F (2,61) =
3.274, p = .045], venturesomeness [F (2,61) = 4.508, p =
.015], and GHQ [F (2,61) = 4.303, p = .018], scores. Post
hoc analysis with Duncan’s test indicated that partici-
pants in the MDMA group exhibited significantly
higher levels of trait impulsiveness and venturesome-
ness and significantly lower GHQ scores than partici-
pants in the nondrug control group. However, MDMA
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users did not differ significantly from polydrug con-
trols on any of these measures (see Table 7).

Behavioral Measures

Two participants did not complete the TOL test (one
MDMA participant and one nondrug control). Multi-
variate analysis of variance of the “number of excess
moves,” “proportion of perfect solutions,” and “subse-
quent thinking time per move” measures of TOL per-
formance for the remaining 62 participants indicated
that there were no significant differences between
groups on any of these measures in either TOL test (see
Table 9). However, there was a trend toward a signifi-
cant difference in “initial thinking time” between
groups for the first TOL test [F (2,59) = 3.070, p = .054],
and second TOL test [F (2,59) = 3.089, p = .053]. Post hoc
analysis indicated that the initial thinking times for par-
ticipants in the nondrug control group were signifi-
cantly longer than those of participants in both of the
other two groups (see Table 9).

Finally, analysis of the measures of MFF20 perfor-
mance indicated that, although there were no group
differences in the mean latencies to first response or de-
rived “I scores,” there was a marginally significant
(one-tailed) difference between groups for the total
number of errors committed [F (2,61) = 2.696, p = .075].
Furthermore, the difference in the total number errors
committed by the polydrug and MDMA groups was
significant (at the .05 significance level) [F (1,43) = 5.010,
p = .030], and the difference in “I scores” between these
two groups was also significant at the one-tailed level
[F (1,43) = 3.497, p = .068]. Post hoc analysis with Dun-
can’s test indicated that participants in the MDMA
group committed significantly more errors than partici-
pants in the polydrug control group, although they did

not differ significantly from participants in the nondrug
control group (see Table 9).

ANALYSIS OF COMBINED DATA FROM
BOTH STUDIES

In light of the similarity of the design employed in both
studies, the data for psychological measures that were
common to both studies were reanalyzed using multivari-
ate analysis with two independent factors: (1) group;

Table 8. Means (Standard Deviations) for Self-Reported 
Drug Consumption (Study 2)

Polydrug
Control

MDMA
Group

Alcohol, units
Consumed per week 43.25 (38.2) 34.94 (23.3)
Duration of use (years) 8.67 (4.94) 7.90 (2.55)

Cigarettes
Smoked per week 73.71 (86.0) 65.80 (55.1)
Duration of use (years) 6.17 (6.10) 6.07 (4.21)

Cannabis, joints
Smoked per week 9.31 (12.1) 13.74 (11.6)
Duration of use (years) 5.17 (5.10) 6.14 (2.80)

Amphetamine, grams
Consumed per month 1.20 (3.34) 1.97 (3.51)
Duration of use (years) 2.65 (3.88) 4.46 (2.52)

LSD, “trips”
Consumed in previous year 2.95 (6.30) 2.63 (4.20)
Duration of use (years) 2.12 (3.50) 4.23 (2.79)

Inhalants, “hits”
Consumed per month 1.13 (4.46) 2.50 (9.08)

Cocaine, grams
Consumed in previous year 0.30 (1.34) 2.60 (6.89)

Psilocybin mushrooms
Consumed in previous year 124 (244) 204 (267)

Table 7. Means (Standard Deviations) for Personal Characteristics (Study 2)

Nondrug
Control (N 5 19)

Polydrug
Control (N 5 20) MDMA (N 5 25)

Age 21.74 (2.94) 23.00 (4.71) 22.28 (2.48)
Gendera 1.63 (0.50) 1.70 (0.47) 1.48 (0.51)
Height, cm 172.3 (7.91) 170.3 (8.42) 172.3 (8.88)
Weight, kg 67.4 (10.8) 62.2 (9.3) 65.1 (9.9)
Educationb 2.68 (0.58) 2.95 (0.22) 2.80 (0.50)
Estimated IQc 115.1 (5.15) 116.1 (5.06) 113.1 (3.13)
GHQ 26.74 (3.78) 24.30 (3.88) 22.80 (5.19)e

Impulsivenessc 8.47 (5.12) 10.70 (4.29) 12.00 (4.25)e

Venturesomenessd 9.26 (3.19) 10.65 (3.08) 11.84 (2.25)e

Empathyd 12.37 (4.75) 13.90 (3.42) 13.04 (3.05)

aMales coded as 1, Females as 2.
b1 5 GCSE, 2 5 A-level; 3 5 HND 1.
cEstimated from NART scores.
dIVE data was missing for 1 participant in the polydrug control group.
eIndicates a significant difference between groups at the .05 probability level.
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and (2) study. Reanalysis of the data from both studies
indicated that there were no significant group by study
interactions for any of the measures recorded in both stud-
ies (i.e., IVE, first TOL test, and MFF20 test). There were
also no significant effects of study for any of the IVE, TOL
test measures, or “I score” and “mean latency to first re-
sponse”, MFF20 measures. There was, however, a signif-
icant difference between the number of MFF20 errors
committed in Study 1 and Study 2. Participants in the two
control groups in the second study committed more errors
than their counterparts in the first study (see Table 10).

There was no group difference between scores on the
empathy subscale of the IVE, but there were significant
group differences in trait impulsiveness [F (2,105) 5 4.073,
p 5 .020], and venturesomeness [F (2,105) 5 10.455, p ,
.001]. Post hoc analysis indicated that participants in the
combined MDMA group exhibited significantly higher
levels of trait impulsiveness, and participants in both of
the combined groups of illicit drug-users exhibited sig-
nificantly higher levels of trait venturesomeness than
participants in the combined nondrug control group
(See Table 10).

Table 10. Means (Standard Deviations) of Combined Data from Studies 1 and 2

Nondrug
Control (N 5 35)

Polydrug
Control (N 5 32) MDMA (N 5 41)

IVE
Impulsivenessa 8.51 (4.81) 10.34 (4.11) 11.41 (4.35)b

Venturesomenessa 8.34 (3.44) 10.84 (3.60) 11.68 (2.77)c

Empathya 12.83 (4.59) 14.22 (3.41) 13.32 (3.88)
Tower of London test 1

Number of excess moves 1.30 (0.60) 1.56 (0.69) 1.48 (0.71)
Proportion perfect solns. 63.40 (14.71) 58.43 (15.98) 58.12 (16.03)
Initial thinking time, ms 3562 (2360) 3326 (2717) 2776 (1778)
Subsequent thinking time,

ms per move 1082 (844) 1021 (1186) 1115 (1164)
Matching familiar figures test

Latency to first response 14.95 (6.51) 13.75 (4.37) 12.19 (4.98)
Total errors committed 7.63 (4.72) 6.97 (4.08) 11.76 (6.48)c

“I score” 20.50 (1.83) 20.40 (1.38) 0.73 (1.89)b

aIVE data was missing for one participant in the polydrug control group.
bSignificant difference between groups at the .05 probability level.
cSignificant difference between groups at the .001 probability level.

Table 9. Means (Standard Deviations) for Behavioral Measures (Study 2)

Nondrug
Control (N 5 19)

Polydrug
Control (N 5 20) MDMA (N 5 25)

Tower of London test 1a

Number of excess moves 1.32 (0.58) 1.65 (0.66) 1.45 (0.59)
Proportion perfect solns. 65.12 (13.93) 56.83 (14.22) 57.51 (13.19)
Initial thinking time, ms 3452 (1609) 2521 (1535) 2337 (1401)
Subsequent thinking time,

ms per move 1093 (903) 710 (838) 817 (951)
Matching familiar figures test

Latency to first response 13.90 (7.02) 13.16 (3.76) 12.00 (3.71)
Total errors committed 9.68 (4.93) 8.25 (4.44) 11.73 (5.88)b

“I score” 20.28 (2.20) 20.40 (1.48) 0.51 (1.72)
Tower of London test 2a

Number of excess moves 1.07 (0.62) 1.30 (0.57) 1.19 (0.69)
Proportion perfect solns. 68.06 (15.81) 62.07 (13.69) 65.33 (15.07)
Initial thinking time, ms 3585 (1858) 2622 (1492) 2349 (1582)
Subsequent thinking time,

ms per move 309 (383) 333 (291) 266 (348)

aThere was missing data for two participants in the TOL test (1 MDMA and 1 nondrug control).
bSignificant difference between polydrug and MDMA groups at the .05 probability level.



NEUROPSYCHOPHARMACOLOGY 1998–VOL. 19, NO. 4 Elevated Impulsivity in MDMA-Users 261

Multivariate analysis of variance of the “number of
excess moves,” “proportion of perfect solutions,” “ini-
tial thinking time,” and “subsequent thinking time per
move” measures of TOL performance, indicated that
there were no significant differences between the com-
bined groups on any of these measures (see Table 10).
The mean latencies to the first response in the MFF20
were also not significantly different between the three
combined groups, but there were highly significant
group differences in the number of MFF20 errors com-
mitted [F (2,105) 5 9.238, p , .001], and “I scores” [F
(2,105) 5 5.998, p 5 .003]. Post-hoc analysis indicated
that participants in the combined MDMA group com-
mitted significantly more errors, and as a result, had
significantly elevated “I scores,” as compared to partici-
pants in the other two groups (see Table 10).

Finally, the number of ecstasy tablets consumed by
participants in the MDMA group ranged from the mini-
mum entry requirement of 20 tablets to more than 160.
To explore the possibility of a dose-response effect on
IVE and MFF20 measures of impulsivity, the MDMA
group was divided into three categories: those who had
taken 20 to 30 tablets of ecstasy (15 participants); those
who had taken between 30 and 60 tablets (10 partici-
pants); and those who had taken more than 60 tablets
(16 participants). One-way analysis of variance indi-
cated that there was no dose-response effect for “I
scores” derived from the MFF20 test, but there was a
significant effect of total amount of ecstasy consumed
on trait impulsiveness [F (2, 38) 5 3.444, p 5 .042]. Post-
hoc analysis indicated that participants in the combined
MDMA group who had taken more than 30 ecstasy tab-
lets had significantly elevated impulsiveness scores
compared to participants who had only taken between
20 and 30 tablets.

CORRELATIONAL ANALYSIS OF 
COMBINED DATA

Correlational analysis of the combined MFF20 data in-
dicated a highly significant negative correlation be-
tween the mean latency to the first response and the to-
tal number of errors committed in this task [r 5 20.647,
p , .001]. Correlational analysis between IVE, MFF20,
and TOL measures revealed that, before Bonferroni cor-
rection for multiple hypothesis testing, initial thinking
times in the TOL test correlated positively with the
MFF20 mean latencies to first response [r 5 0.210, p 5
.030], and negatively with “I scores” [r 5 20.199, p 5
.041], although these correlations were not significant
after such correction. Otherwise, there were no signifi-
cant correlations between the IVE, MFF20, and TOL
measures. In particular, IVE trait impulsiveness scores
were not correlated with either the mean number of er-

rors committed during, or the “I scores” derived from,
the MFF20 test.

DISCUSSION

Combined data from the present studies indicated that
recreational ecstasy users committed significantly more
errors in the MFF20 (Cairns and Cammock 1978) than
polydrug control subjects, who had similar drug histo-
ries but had never taken ecstasy, and nondrug control
subjects who had never taken illicit drugs, all of whom
were of similar age, height, gender, education, and esti-
mated premorbid IQ. Although there was no significant
difference in latency to first response between the three
groups, the composite “I scores,” which were derived
by subtracting the standard score of the mean latency to
first response from the standard score of the total num-
ber of errors committed (Ze 2 Zl), were also signifi-
cantly greater for recreational ecstasy users, than for
subjects in the other two groups.

In both studies, the results of the IVE (Eysenck and
Eysenck 1991) questionnaire indicated that, although
there were no group differences in trait empathy scores,
there were significant differences between groups in
terms of venturesomeness. These differences are to be
expected, however, because both groups that reported
having used illicit drugs (which can be viewed as an ex-
ample of venturesome behavior) reported themselves
to be more venturesome than participants who re-
ported that they had never used illicit drugs. The com-
bined IVE data from the present studies also indicated
that recreational ecstasy users exhibited elevated trait
impulsiveness, as compared to participants who had
never taken illicit drugs and that the recreational users
who had consumed the most ecstasy exhibited the most
impulsiveness.

Otherwise, the results of the present studies indi-
cated that mood and personality measures of partici-
pants in the three groups were generally similar. In the
first study, there were no significant group differences
in subjective mood state at the outset of the study, state
and trait anxiety measures from the STAI (Spielberger
et al. 1983), or state and trait anger/hostility measures
from the STAXI (Spielberger 1988). These results repli-
cate the findings of previous studies in which we em-
ployed a similar design, (Callow 1996; Davies 1996). In
the second study, however, the GHQ data revealed that
participants in the MDMA group were significantly
more psychologically disturbed/unhappy than partici-
pants in the nondrug control group, while GHQ for
participants in the polydrug control group fell between
those of the other two groups.

The cognitive performance of the three groups was
also generally similar. In the first study, participants
in all three groups performed equally well in the
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CANTAB spatial span task, and there were no group
differences in either study in performance of the
CANTAB TOL test, despite the fact that this test was re-
peated twice in the second study. Thus, the present re-
sults indicate that, although they were generally unim-
paired on measures of mood, anxiety, anger/hostility,
and CANTAB measures of cognitive performance, the
recreational ecstasy users exhibited selective elevation
of self-report and behavioral measures of impulsivity.

The present evidence that trait impulsiveness is ele-
vated in recreational ecstasy users; whereas, self-report
measures of anger/hostility did not differ between
groups, is inconsistent with the findings of Ricaurte et
al. (1990), who reported that their sample of 30 recre-
ational MDMA users exhibited significantly lower
scores on measures of impulsivity and indirect hostility
(McCann et al. 1994). This may simply be attributable to
the use of different measures, because Ricaurte et al.
employed the Multidimensional Personality Question-
naire to measure impulsivity, and the Buss Durkee
Hostility Inventory to measure indirect hostility. It is ar-
guable, however, that more credence should be given to
the present results. First, it should be noted that the re-
duction in impulsivity and indirect hostility in recre-
ational ecstasy users reported by Ricaurte et al. was an
unexpected finding. Reduced levels of serotonergic
function, as indicated by low levels of 5-HIAA, have
previously been found to be consistently associated
with elevated levels of hostility and impulsivity (e.g.,
Linnoila et al. 1993); whereas, Ricaurte et al. reported
the opposite. Second, we have used a design that al-
lowed ecstasy users to be compared to a polydrug con-
trol group who had used similar quantities of other
drugs and a conventional control group that had not
used illicit drugs. Third, we previously found IVE trait
impulsiveness to be elevated in recreational ecstasy us-
ers, accompanied by a lack of group differences be-
tween anger/hostility measures, in an earlier study in
which 29 recreational ecstasy users were compared with
27 polydrug-users and 30 nondrug users (Callow 1996).

The high latency-error correlation attained for the
MFF20 in the present study [r 5 20. 64], is similar to
previous reports of the MFF20 performance of nine-
year olds [r 5 20.67] (Cairns and Cammock 1978) and
14-year olds [r 5 20.65] (Messer and Brodzinsky 1981),
which suggests that is also a useful measure of adult
performance. The high latency-error correlation also sup-
ported the rationale for the derivation of the “I scores,”
a composite index of behavioral impulsivity (Salkind
and Wright 1977; Messer and Brodzinsky 1981). Thus, it
is possible to interpret the significantly elevated “I scores”
of participants in the combined MDMA group as evi-
dence that the ecstasy users exhibited more impulsive
behavior than participants in the two control groups.

The exact relationship between self-report measures
of trait impulsiveness and behavioral measures of im-

pulsivity is unclear, however, because further analysis
showed that performance on these two measures was
not correlated. This was not particularly surprising,
however, because low correlations between self-report
and behavioral measures of impulsivity have been re-
ported by a number of previous investigators (e.g., Block
et al. 1974; Gerbing et al. 1987). The lack of correlation
does suggest, however, that the scores provided by
these different types of measures are probably estimates
of different constructs. Furthermore, Block et al. used
the original MFFT to investigate the separate contribu-
tion of latency and accuracy to behavioral impulsivity
in children and concluded that accuracy had important
personality concomitants (inaccurate participants were
characterized as more anxious, sensitive, vulnerable,
structure-seeking individuals who move toward rigid-
ity and stereotypy under conditions of stress); whereas,
latency was inconsequential. Because accuracy clearly
differentiated groups in the present studies, and latency
did not, if high error rates on the MFF20 reflect the
same personality concomitants in adults, perhaps the
present results suggest that ecstasy users are more emo-
tionally reactive and less capable of coping with high
levels of cognitive demand than are individuals who
have taken other illicit drugs. The latter interpretation is
consistent with some of the descriptions of psychologi-
cal problems that were attributed to the use of ecstasy
by participants in the MDMA group in the present
studies. Furthermore, although they did not differ from
participants in the other two groups on CANTAB mea-
sures of cognitive performance or on self-report mea-
sures of anxiety and mood at the time of testing, at least
25% of the total sample of 41 ecstasy-using participants,
reported that they believed that taking ecstasy had
made them more susceptible to anxiety, depression, ag-
gression/irritability, and mood swings, and also re-
duced their ability to concentrate. If high error rates on
the MFF20 reflect reduced ability to cope with high lev-
els of cognitive demand, and ecstasy causes reductions
in brain serotonergic activity, the present results are
also consistent with the view that 5-HT plays an orches-
trating role in cognition, and that extreme deviations of
5-HT activity can result in biases in cognitive process-
ing, which can predispose individuals to pathological
conditions such as impulsive behavior, violent suicide,
and aggression (Spoont 1992).

There were a number of unavoidable methodological
limitations with the present studies. One was that the
period of time elapsed since last use (an average of 20
days in the first study and 65 days in the second) pro-
hibited biochemical assays of MDMA consumption. As
a result, there was no objective confirmation of the dose
or purity of MDMA taken. Tablets sold as “ecstasy” can
contain MDA (3,4-methylenedioxyamphetamine), MDEA
(3,4-ethylenedioxyethylamphetamine), or mixtures of a
range of other compounds (e.g., amphetamine, caffeine,
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ephedrine, ketamine, and LSD), (Saunders 1995; Wolff
et al. 1995). However, although some tablets sold as “ec-
stasy” contain little or no MDMA, the majority do con-
tain MDMA, or the related compound MDEA, and be-
cause participants in the second study reported having
taken an average of 50 ecstasy tablets, of which the
most common were the “white dove” type, which typi-
cally contain 88 to 140 mg of MDMA (Wolff et al. 1995),
it would seem reasonable to conclude that they had, in-
deed, consumed a significant quantity of MDMA.

Another limitation was that, for legal and ethical rea-
sons, there was no control over drug administration. In-
stead, drug consumption data had to be collected retro-
spectively, which inevitably created interpretative
difficulties concerning the etiology of the behavioral
and personality differences in recreational ecstasy us-
ers. By definition, some of the elevated trait impulsive-
ness, observed in both groups of participants who had
used illicit drugs, probably reflects a pre-existing pre-
disposition that may have led to subsequent use of il-
licit drugs. However, it is also possible that some of the
elevation of trait impulsiveness, particularly the addi-
tional elevation associated with heavy past consump-
tion of ecstasy, may be attributable to the neurotoxic ef-
fects of ecstasy on brain 5-HT systems, because, as
noted above, reductions in serotonergic function have
consistently been associated with elevated levels of im-
pulsive behavior.

It is more difficult to conceive of the group difference in
the MFF20 error rate as being attributable to a pre-existing
trait, because this measure was markedly elevated in
ecstasy-users, as compared to polydrug control sub-
jects, and it seems implausible that only individuals
with high levels of behavioral impulsivity of this type
would be especially predisposed to taking ecstasy,
rather than other illicit drugs. This argument is sup-
ported by the reports of the ecstasy users themselves.
As indicated earlier, a number of them volunteered that
their reduced ability to concentrate, impaired memory,
and slowed mental processing were a direct conse-
quence of taking ecstasy, as was their increased suscep-
tibity to anxiety, depression, aggression/irritability,
and mood swings. Clearly, however, further research,
perhaps including the use of longditudinal studies, is
needed to clarify this issue.

Finally, a striking feature of the present results was
the selectivity of the psychological sequelae of chronic
exposure to ecstasy. This is consistent with previous re-
ports that, although the recall performance of ecstasy
users was impaired, their cognitive performance was
not impaired on other a variety of other neuropsycho-
logical measures (Krystal and Price 1992; Parrott 1997).
It has been suggested that more general cognitive im-
pairments associated with serotonergic denervation of
the neocortex may not be evident under usual circum-
stances because of sufficient neural reserve (Hunter

1988). If, however, 5-HT function declines with age, ec-
stasy-exposed individuals could be at increased risk for
developing other age-related, cognitive, and affective
deficits. Further research with older ecstasy users and
young participants who have not used ecstasy for more
extended periods of time, is needed to clarify the longer-
term clinical implications of the present findings.
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