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Abstract

Rationale Despite animal evidence that methylenedioxy-
methamphetamine (ecstasy) causes lasting damage in brain
regions related to long-term memory, results regarding
human memory performance have been variable. This
variability may reflect the cognitive complexity of the
memory tasks. However, previous studies have tested only a
limited range of cognitive complexity. Furthermore, compar-
isons across different studies are made difficult by regional
variations in ecstasy composition and patterns of use.
Objectives The objective of this study is to evaluate ecstasy-
related deficits in human verbal memory over a wide range of
cognitive complexity using subjects drawn from a single
geographical population.

Materials and methods Ecstasy users were compared to non-
drug using controls on verbal tasks with low cognitive
complexity (stem completion), moderate cognitive complexity
(stem-cued recall and word list learning) and high cognitive
complexity (California Verbal Learning Test, Verbal Paired
Associates and a novel Verbal Triplet Associates test). Where
significant differences were found, both groups were also
compared to cannabis users.

Results More cognitively complex memory tasks were
associated with clearer ecstasy-related deficits than low
complexity tasks. In the most cognitively demanding task,
ecstasy-related deficits remained even after multiple learning
opportunities, whereas the performance of cannabis users
approached that of non-drug using controls. Ecstasy users also
had weaker deliberate strategy use than both non-drug and
cannabis controls.
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Conclusions Results were consistent with the proposal that
ecstasy-related memory deficits are more reliable on tasks
with greater cognitive complexity. This could arise either
because such tasks require a greater contribution from the
frontal lobe or because they require greater interaction
between multiple brain regions.
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Introduction

Methylenedioxymethamphetamine (MDMA) is the main
psychoactive ingredient of the recreational drug “ecstasy”.
Controlled administration of MDMA causes lasting changes
to serotonin levels and the functioning of serotonergic axons
in the brains of animals, including higher primates (Green et
al. 2003; Hatzidimitriou et al. 1999; Ricaurte et al. 1992;
Sabol et al. 1996; Scanzello et al. 1993; Wang et al. 2004).
Convergent neuroimaging evidence suggests that lasting
brain damage also occurs in humans (Cowan et al. 2003;
Reneman et al. 2001b, 2002).

The brain regions damaged by ecstasy include the
hippocampus, frontal lobes and sensory areas (Buchert et al.
2003, 2004; Hatzidimitriou et al. 1999; McCann et al. 1998,
2005; O’Hearn et al. 1988). All of these areas have been
shown to be critical to encoding and retrieval of long-term
memories (Posner et al. 1988; Schott et al. 2005; Spiers et al.
2001; Thiel 2003). Here, we investigate the idea that as more
of these brain regions are recruited by more cognitively
complex memory tasks, the likelihood of behavioural ecstasy-
related deficits in long-term verbal memory might increase.

Theoretically, cognitive complexity of memory tasks can
be ordered in accordance with task demands and the
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number of brain regions critically involved, as outlined in
Table 1. Tests of implicit memory (unconscious automatic
retrieval) have low cognitive complexity and do not require
involvement of either the frontal lobes or the hippocampus;
indeed, where these tasks require reference only to the
identity rather than the meaning of an item (e.g. priming for
a letter string on a word-non-word decision task), neuro-
imaging shows memory derived from priming only in
perceptual areas of the cortex (e.g. Schacter and Buckner
1998; Schott et al. 2005). More complex tasks involve
explicit memory (conscious deliberate retrieval). Simple
explicit memory tasks involve recognition or recall for lists
of single unrelated words. Neuropsychological and neuro-
imaging studies show this critically relies, in addition to
perceptual areas, on the functioning of the hippocampus
(e.g. Spiers et al. 2001; Thiel 2003). The frontal lobe is also
known to have a role in explicit memory tasks that varies
according to task demands. In particular, Savage et al.
(2001) found prefrontal activation was relatively low on the
free recall of a list of unrelated words, in contrast to
relatively high prefrontal activation when subjects used
categories to help them recall words drawn from four
semantic categories. So, while frontal lobe strategic
processing appears to contribute somewhat to performance
on free recall of unrelated words, its role is not critical, and
indeed behavioural studies argue that non-strategic rote
learning typically plays a stronger role (cf. Mandler and
Dean 1969).

Finally, more complex explicit memory tasks involve a
stronger component of deliberate strategy use on behalf of
subjects, such as deliberate semantic structuring of the
stimuli or the top-down generation of meaningful associa-
tions between different stimuli. Functional neuroimaging
studies show this type of processing activates language

Table 1 Long-term memory tasks ordered by cognitive complexity

centres and specific parts of the frontal lobes, in particular,
the prefrontal cortex (Posner et al. 1988; Roskies et al.
2001; Schreckenberger et al. 1998; Shaywitz et al. 1995).
Thus, explicit memory tasks involving complex cognitive
processing will rely critically on the successful recruitment
of, and potentially interaction between, multiple brain
regions known (at least in animals) to be damaged by
ecstasy use. These include perceptual processing areas, the
hippocampus and prefrontal cortex. Examples of complex
explicit memory tasks include the California Verbal
Learning Test (CVLT), in which subjects remember best
by noticing the fact that the single words in that test can be
grouped into four semantic categories (cf. Tulving and
Pearlstone 1966), and Verbal Paired Associates, in which
subjects best learn a pair such as “frog—table” by
deliberately generating a sentence or visual image linking
the two words (cf. Tulving 1962).

Crucially for our present proposal, there is indirect
evidence to suggest that tasks with higher cognitive
complexity might be more vulnerable to ecstasy-related
damage than tasks with low cognitive complexity. Neuro-
endocrine challenge studies on rats report that the behav-
ioural consequences of the inhibition of some types of
serotonin receptors are only apparent in memory tasks
when cognitive demands are high (outlined in Buhot 1997;
Buhot et al. 2000). Similarly, in human functional magnetic
resonance imaging (fMRI), Jacobsen et al. (2004) found
that a prolongation of hippocampal activation in ecstasy
users compared to controls occurred only when demands of
a memory task were relatively high (three-back matching)
and not when they were lower (one-back matching).

Turning to behavioural findings regarding memory in
human ecstasy users, our interest in the present study is
specifically in verbal learning for words (excluding working

Level of Task (key process) Example stimuli Critical brain areas
cognitive

complexity

Low Stem completion Study: calorie Perceptual areas

(implicit memory) (nonconscious memory)

Memory for lists of single unrelated
words (conscious memory relying
strongly on rote learning)

Memory for lists of categorisable
words (optional strategic
elaborative processing)

Verbal Paired Associates
(strategic elaborative

v processing)

High Verbal Triplet Associates
(complex explicit (more complex strategic
memory) elaborative processing)

Study: frog, table, apple, blue...
Test: free recall

Study: dog, apple, shelf, cat,
table, pear
Test: free recall

Study: frog—table
Test: frog—?

Study: frog—chair—apple
Test: frog—?—?

Test: cal

Perceptual areas, hippocampus
(frontal lobe relatively weak)

Perceptual areas, hippocampus, frontal lobes
(especially when engaging in optimal
category strategy)

Perceptual areas, hippocampus, frontal lobes

Perceptual areas, hippocampus, frontal lobes
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memory tasks). Previous studies testing verbal memory have
used only a limited range of task complexity. Implicit
memory has never been tested. Simple explicit memory (i.e.
for single unrelated words) and Verbal Paired Associates
(Wechsler 1997) are the only tasks to have received
substantial investigation. Moreover, Verbal Paired Associates
typically suffers ceiling effects beyond the first learning trial,
and most studies have not reported this trial in isolation. The
CVLT has been used twice (Halpern et al. 2004; Semple et al.
1999), but neither study reported the semantic clustering
index (SCI) to provide a direct measure of the extent to
which ecstasy users were implementing the ideal memory
strategy of grouping recall items by semantic category.

For the verbal learning tests that have been reported,
previous findings are as follows. On tests of immediate fiee
recall of lists of single unrelated words, some studies have
reported statistically significant deficits in the performance
of ecstasy users relative to controls (Fox et al. 2001b;
Gouzoulis-Mayfrank et al. 2000; McCardle et al. 2004;
Parrott et al. 1998; Quednow et al. 2006; Reneman et al.
2001a, b, 2000; Thomasius et al. 2003; Yip and Lee 2005),
which were often rather small (although not always; see Yip
and Lee 2005). Other studies have not found any significant
deficits on these particular tasks (Back-Madruga et al.
2003; Fox et al. 2001a; Golding et al. 2007; Schilt et al.
2008; Semple et al. 1999). For the CVLT, of the two studies
which have reported results, one found ecstasy users
performed significantly worse than controls who had not
used ecstasy, but who had similar use of other drugs
(Semple et al. 1999). The other study found no ecstasy-
related differences on the CVLT, although there was a trend
towards significance in a small group of relatively heavier
users of ecstasy (n=11; minimum lifetime use of 60 ecstasy
pills; Halpern et al. 2004). For Verbal Paired Associates,
the two studies that reported results for the first learning
trial in isolation, where performance accuracy is well below
ceiling, found a significant recall deficit in ecstasy users on
that trial (Montgomery et al. 2005; Ward et al. 2006). All
remaining Verbal Paired Associate studies have reported
results only of composite measures of all five learning
recall trials combined. Results showed no difference
between ecstasy users and controls (Bolla et al. 1998;
Daumann et al. 2004; Gouzoulis-Mayfrank et al. 2003;
Groth-Marnat et al. 2007; Rodgers 2000), but these
findings cannot be relied upon given that performance
typically reaches ceiling in controls by the second trial.

Taken together, these results are somewhat suggestive
that behavioural memory deficits in human ecstasy users
are more reliably obtained—and thus, presumably, larger—
in more complex explicit memory tasks (CVLT and Verbal
Paired Associates with below-ceiling performance) than in
simple explicit memory tasks (recall of single unrelated
words). However, this conclusion cannot be drawn with any

certainty, partly because of the lack of complexity range
across the memory tasks previously reported, and partly
because the comparisons are between studies conducted on
different populations of ecstasy users. Given the geographical
variability in the composition of ecstasy pills, usage patterns,
other drug use, typical drug use settings (home or club) and
genetic vulnerabilities (e.g. between different races or ethnic
groups), it is crucial to compare across tasks using subjects
drawn from a single geographical population, tested close
together in time. The aim of the present study was to provide
the first such investigation, examining long-term verbal
memory performance and comparing performance across
multiple levels of cognitive complexity.

We included multiple types of verbal memory test.
Implicit memory was tested with a stem completion task
(Schacter et al. 1989), in which subjects learn a list of
words (e.g. calendar) and later complete three-letter stems
(e.g. cal ) with the first word that comes to mind.
Implicit memory is revealed as higher completion rates with
target words for studied than unstudied items. Simple
explicit memory was tested for lists of unrelated words,
via stem-cued recall (“Complete cal with a word
you saw on the study list”) and also via free recall tasks
including the Rey Auditory Verbal Learning Test (RAVLT).
More complex explicit memory was tested with two types
of task. One was the CVLT, for which we provide the first
report of the degree of clustering of recall items by category
(the SCI). The other was Verbal Paired Associates, with
specific analysis of the first trial. Finally, for our most
complex explicit memory task, a particularly demanding
task was created—Verbal Triplet Associates—in which
subjects learn triplets of words simultaneously (e.g. frog—
chair—apple) and at test are given the first word of each triplet
as a cue (e.g. frog) to recall both others (chair and apple, in any
order). This task was structured in a similar manner to the
standard neuropsychological memory tasks (RAVLT, CVLT
and Verbal Paired Associates) in having multiple cycles
(“trials”) of learning the entire list and being tested before
learning again; the task was piloted to ensure that performance
did not hit ceiling even on the final learning trial.

A final important feature of our design was that a cannabis
user control group was also tested where differences between
ecstasy users and non-drug using controls were found.

Method

Participants

Three samples were used in the present retrospective cohort
study, all drawn from the general community in Canberra,

Australia. Sample 1 comprised 32 ecstasy users and 29 non-
drug using controls tested in 2002. Sample 2 comprised 30
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ecstasy users and 34 non-drug using controls tested in
2003. Sample 3 comprised 33 ecstasy users, 32 cannabis
controls and 32 non-drug using controls tested in 2004—
2005. Around the timeframe of testing, amounts of MDMA
in ecstasy tablets seized by police in the Canberra region
remained fairly stable (Proudfoot and Ward 2004). The
samples were not mutually exclusive: sample 2 included 17
ecstasy users and 14 controls who were also included in
sample 1; sample 3 included 19 ecstasy users and 16
controls who had been included in sample 2, of whom 11
ecstasy users and five controls had also been included in
sample 1. Each sample received a mutually exclusive set of
tests, such that no participants ever received the same test
twice. Most participants were recruited using the
respondent-driven “snowball” sampling technique (Wang
et al. 2005). All gave informed consent. The studies were
approved by the Australian National University Human
Research Ethics Committee and were performed in accordance
with the ethical standards laid down in the 1964 Declaration of
Helsinki.

Participants were assessed on drug use history, demo-
graphic variables, estimated 1Q and mental health and
personality variables, using measures and methods described
in Brown et al. (2007). Drug use history (including ecstasy,
alcohol, cannabis and amphetamines) was obtained for each
participant using a timeline interview based on Anglin et al.
(1993). Anglin et al. (1993) showed this method is a valid
and moderately reliable means of obtaining a drug use
history for information between 10 and 14 years prior to
assessment. In one study, the self-reported drug histories of
323 narcotics users were collected on two occasions 10 years
apart. A comparison of the self-reported drug use for the
4-year period prior to the first interview showed significant
correlations of .63 and .71 for daily narcotics use and
abstinence. Recollections for infrequent events (including
daily non-narcotics use (#=.2, p<.01) and heavy alcohol use
(r=.48, p<.01)) were less reliable but were enhanced by
disaggregating the data into 3-month portions.

In the present study, the timeline method was used to
obtain estimates of lifetime dose, abstinence since last use,
maximum typical dose during their heaviest period of use
and maximum ever dose on any given occasion for all of
the drugs listed, except for cannabis, hallucinogens and
inhalants which were recorded in the number of ‘units’
administered per occasion in light of the difficulties in
qualifying amount used on any particular administration. A
unit was defined as a discrete administration of the drug
which may be repeated several times on any given occasion.

Our demographic variables were age, sex and highest
level of education attained. Estimated premormid IQ was
calculated from the number of reading errors on the
Contextual AusNART (Lucas et al. 2003). Mental health
was assessed using the Brief Symptom Inventory (BSI,
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Derogatis 1993). Personality was assessed using the
Sensation Seeking Scale (SSS, Zuckerman 1994), which
has been shown to have a strong heritable component and
to predict drug use (Dughiero et al. 2001; Zuckerman 1994;
although see de Win et al. 2006).

Relevant characteristics of each group are summarised in
Tables 2 and 3. Table 2 shows that the groups within each
sample were closely matched on sex, age and estimated 1Q,
although the tendency for ecstasy users to have slightly
lower estimated 1Q than controls reached statistical signif-
icance in samples 1 and 2. Regarding drug use, drug-using
cohorts were required to be abstinent from ecstasy and all
other illicit drugs for at least 2 weeks, except cannabis for
which they were required to have been abstinent for at least
2 days and were, on average, abstinent for considerably
longer (Tables 2 and 3). Some incidental use of cannabis
was tolerated in the non-drug using control groups due to
the difficulty in finding people who had never tried
cannabis; similarly, some incidental use of ecstasy was
tolerated in the cannabis-control group (see Table 2 for
details of amounts) due to the difficulty in finding drug
users who had never tried ecstasy. Most ecstasy users had
also used a variety of other drugs, including amphetamines,
as shown in Tables 2 and 3. All variables (demographic and
non-ecstasy drug use) were treated as potential covariates in
all statistical analyses (see later statistical analysis section).

After completing the testing of sample 1, it was decided
to target relatively heavier ecstasy users in samples 2 and 3.
For both these samples, the inclusion criterion was a
minimum lifetime ecstasy use of 100 ecstasy tables reported
in a screening phone call.

Tasks
Full details of novel tasks are available in Brown (2005).

Implicit memory: stem completion task (sample 1) Stimuli
were single words, unrelated to each other in semantic
content and not used in any other test in the session. During
the study phase, the 12 words were presented one at time
on a computer monitor, at a rate of one word every 3.5 s
and read aloud by the participant. Participants simulta-
neously performed a divided attention task, namely odd-or-
even digit monitoring (derived from Schmitter-Edgecombe
and Nissley 2000); this was done to prevent strategic
encoding at study, thus providing a good measure of
implicit memory (Murphy et al. 2003). Learning for this
divided attention implicit condition was interspersed with
learning a different set of 12 items for a full-attention implicit
condition that is not reported here (ecstasy effects did not
differ across the two versions; for details, see Brown 2005).
Each list was presented twice. There was then a 3—6-min
filled delay before proceeding to the test phase.
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Table 2 Key demographic and drug use characteristics of cohorts in each sample (SE standard error)
Sample 1 Sample 2 Sample 3
Non-drug using Ecstasy Non-drug using Ecstasy Non-drug using Cannabis Ecstasy
controls (n=29) users (n=32) controls (n=34) wusers (n=30) controls (n=33) controls (n=32) users (n=32)
Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Sex (male, %) 52% 62% 65% 63% 64% 66% 66%
Age (years) 24.0 (7.9) 22.5 (5.3) 23.2 (0.7) 23.2 (0.7) 23.5(0.7) 23.6 (0.9) 23.5 (0.7)
Highest level of 3.3 (0.6) 3.2 (0.5) 3.4 (0.1) 3.2 (0.1) 3.4 (0.1) 3.2 (0.1) 3.2 (0.1)
education attained®
Estimated 1Q 108.3 (4.4)F 104.8 (54N 107.4 (0.8)" 104.1 (1.O)N  106.5 (0.9) 106.8 (1.0) 104.1 (0.9)
Ecstasy (tablets) (n=16)
Lifetime dose - 116 (23) - 394.5 (123.0) - 6(1)F 384 (109)¢
Abstinence (days) - 81 (34) - 558 (15.9) - 350 (84)F 37 (7)€
Max monthly dose®  — 6.04 (7.05) - 19.0 (5.2) - 0.4(0.2)F 19.8 4.7
Max ever dose - 4.06 (2.41) - 5.8 (0.8) - 1.2 (0.2)F 6.5 (0.7)¢

Alcohol (std. drinks)

Lifetime dose 1,486 (582)F 4,172 (879)N

Abstinence (days) 9 (10) 7 (22) 17 (6)

Max monthly dose®  29.1 (8.1)F 92.5 (16.4)N  27.0 (5.9)F

Max ever dose 11.0 (1.4)° 187 (13N 142 (1.5)"
Cannabis (n=9)* (n=11)¢

(administrations®)

Lifetime 7Q) 1,407 (480) 3 (1)

Abstinence (days) 1,626 (863)F 148 (57)N 1,591 (498)

Max monthly dose® 0.2 (0.2) 50.2 (16.9) 0.1 (0.0)

Max ever dose 1.00 (0.0)¢ 5.7 (096N 1.1 (0.1)
Amphetamines (grams”)

Lifetime dose - 199 37.7) -

Abstinence (days) - 216 (240) -

Max monthly dose® - 3.0 (7.7) -

Max ever dose - 1.0 (1.1) -

1,023 (226)°

4,846 (77N 749 (208)F¢ 3,060 (557N 4,748 (79N

5(1) 170(104) 26(16) 29(18)
122.4 (175N 25 (6)5¢ 76 (10)™F 124 (17)N¢
20.9 (140N 12 (1)E¢ 19 (HNE 27 Q)N
(n=14)"

1,657 (364)  4.8(1)F¢ 1,208 (303)N 2,694 (780)N
119 (50) 1,427 (449)F€ 36 (18)N 187(86)

59 (13.6) 0.2(0.0)5¢ 43.8 (8.2)NF 103 (25)N¢
6.5 (0.9) 1.1 (0.1)F¢ 5.03 (0.5)NF 7.56 (1.DNC

(n=14)"

51.0 (81.0) - 5.6 3.7)F 59.1 (15.4)¢
230.8 (332.8) - 1,316(445)F 292 (99)¢
43 (7.8) - 0.5 (0.5)F 2.97 (0.7)¢
1.5 (1.4) . 0.5 (0.2) 1.64 (0.4)

#1=year 10 (middle secondary education), 2=year 12 (upper secondary education), 3=bachelor undergraduate degree and 4=post-graduate

degree

®Dose measurements explained briefly in text and in detail in Brown et al. (2007)

¢ The maximum average dose per month within any period in their timeline, which represents the typical monthly dose during their heaviest period

of use

9 The number of participants in this cohort with incidental use of this drug. Incidental use in this cohort was tolerated in order to obtain a sufficient

cohort size. The statistics below relate only to this subset of participants

N p<.05 compared to non-drug using controls
¢ p<.05 compared to cannabis controls
E p<.05 compared to ecstasy users

In the test phase, 48 three-letter stems were presented,
each of which was unique within the experiment, did not
constitute a word in its own right and could be completed to
form at least five different words (for details of stimulus
words, see McKone and French 2001). Half of the stems
corresponded to words presented during the study phase
(studied target words), and half corresponded to words that
had not been presented (unstudied target words). Studied-
unstudied status of particular items was counterbalanced

across participants. The instructions were to complete the
stems as quickly as possible with the first word that came to
mind. The implicit memory score was the percentage of
studied stems completed with target words (primed condi-
tion) minus the percentage of unstudied stems completed
with target words (baseline condition). Note baseline
completion rates were low and not statistically different
between controls (M=4.5%, SE=1.0%) and ecstasy users
(M=5.7%, SE=1.2%), #(59)=0.70, p=.49.
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Table 3 Additional drug use characteristics of cohorts in each sample (SE standard error)

Sample 1

Ecstasy users (n=32)

Sample 2

Ecstasy users (n=30)

Sample 3

Cannabis controls (n=32)

Ecstasy users (n=32)

Cocaine (grams®) (n=22) (n=5) (n=27)
Lifetime dose 4.9 (7.6) 6.2 (9.4) 1.0 (0.3) 5.7 (1.7)
Abstinence (days) 354.5 (276.2) 439.5 (438.7) 745.7 (169.2) 332.5 (61.0)
Max monthly dose” 0.5 (0.8) 0.6 (0.7) 0.10 (0.0) 0.48 (0.1)
Max ever dose 0.9 (0.8) 0.8 (0.7) 0.41 (0.1) 0.93 (0.2)

Any hallucinogen (administrations®) (n=28) (n=14) (n=31)
Lifetime dose 20 (22.7) 36.4 (43.7) 12.3 (5.7) 27.62 (7.1)
Abstinence (days) 506.8 (1,081.1) 417.1 (687) 1,356.5 (273.0) 368.81 (100.5)
Max monthly dose® 1(1.2) 1.5 (1.6) 0.5 (0.3) 2.6 (1.5)

Max ever dose 2.1(2.1) 34 4) 1.4 (0.4) 2.4 (0.4)

Any inhalant (administrations®) (n=21) (n=9) (n=26)
Lifetime dose 26.9 (54.8) 33.9 (61.0) 9.8 (4.0) 332 (11.8)
Abstinence (days) 1,055.1 (1,352.4) 880.9 (1,391.3) 2,170.0 (628.2) 613.15 (207.5)
Max monthly dose® 1.6 (1.9) 1.4 (1.5) 0.4 (0.2) 1.9 (0.56)
Max ever dose 6.6 (11.7) 5.7 9.1) 1.7 (0.5) 4.7 (1.6)

*Dose measurements explained briefly in text and in detail in Brown et al. (2007)

° The maximum average dose per month within any period in their timeline, which represents the typical monthly dose during their heaviest

period of use

During the test phase, two standard methods were
employed to ensure the stem completion task provided the
purest possible measure of implicit memory, uncontaminated
by participants attempting to use deliberate retrieval from the
study list. First, the test phase was presented as an ostensibly
unrelated task. Second, an explicit memory contamination
questionnaire followed the test (McKone and French 2001).
This was used to exclude one participant who reported
attempting to complete stems via deliberate reference to the
study list (this participant was replaced by a new participant).

Simple explicit memory: stem-cued recall (sample 1) This
task (subsequently referred to as Stem-cued Recall Test 1)
was identical in procedure to the implicit memory task
except that (a) a different set of word stimuli was used, (b)
divided attention was not used at study (i.e. there was no
digit monitoring task), and (c) the instructions were for
participants to complete stems with words they had learned
on the study list and to leave stems blank where this was
not possible. Memory was measured as hits (correct
completions) minus false alarms (chance completions of
unstudied stems with target words; note false alarm rates
were extremely low).

Simple explicit memory: stem-cued recall (sample 2) Sample
2 participants were tested on two stem-cued recall tests
(both different from the stem-cued recall test used with
sample 1), with the aim of replicating sample 1 findings in
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heavier ecstasy users (i.e. sample 2 rather than sample 1)
and at higher task performance levels. Both tests comprised
only full attention at study (rather than interspersing
learning phases for full- and divided-attention versions, as
in sample 1). In Stem-cued Recall Test 2, the learning phase
presented the list of 12 words once through. In Stem-cued
Recall Test 3, the learning phase presented the word list
twice through. The stimulus words were different in each
test and different from those used in Stem-Cued Recall Test 1.
In all other respects, Stem-cued Recall Tests 2 and 3 were
identical to Stem-cued Recall Test 1.

Simple explicit memory: written free recall (sample 2) This
test used the same procedure as Stem-cued Recall Test 2
(i.e. once through the list of 12 words), except that another
new set of word stimuli was used, and the test phase
required written free recall.

Simple explicit memory: Rey Auditory Verbal Learning Task
(sample 2) The RAVLT is a standard neuropsychological
test measuring free recall for single unrelated words, across
multiple learning-test trials. The test was administered
according to standard instructions (Lezak et al. 2004) using
only ‘list A’ (i.e. no interference list) and only immediate
recall trials. The list of words is read aloud by the
experimenter at a rate of one word per second in a monotone
voice. The participant is then asked to recall as many of the
words as they can, in any order. Once they have exhausted



Psychopharmacology (2010) 209:51-67

57

their responses, the learning and testing procedure are
repeated a further four times (making a total of five
repetitions). The score for each trial is the number of words
correctly recalled from the study list (out of 15).

Moderate complexity explicit memory: Verbal Paired Asso-
ciates and the California Verbal Learning Test (sample 3)
The Verbal Paired Associates (from Wechsler Memory
Scales III, Wechsler 1997) and CVLT (Delis et al. 1987)
were standard neuropsychological tests conducted according
to the manufacturer’s instructions. The Verbal Paired Asso-
ciates task uses a multiple learn-test trial structure similar to
the RAVLT and CVLT. The stimuli consist of pairs of words
that would not normally be associated (e.g. truck—arrow). The
experimenter reads aloud each word pair, taking 2 s to read
each pair, with a pause of approximately 2 s between each
word pair. At test, the experimenter reads aloud the first word
from each word pair, to which the participant is asked to
verbally respond with the paired word from the study phase.
The score for each trial is the number of correctly recalled
paired-words, out of eight, on each of the four learn-test trials.
The delayed condition of the Verbal Paired Associates was run
but is not reported due to ceiling effects (most subjects in both
cohorts scored 8/8).

The CVLT is a test of explicit memory for a list of single
words, much like the RAVLT, except that in the CVLT, the
words are drawn from four distinct semantic categories
(clothing, tools, fruit and spices-and-herbs). In the initial
two sections of the CVLT (immediate and short delay
recall), no reference is made to the semantic categories
represented in the word list, either while learning the word
list or during the test. Participants first learn and then recall
a list of 16 words across five learn-test trials read aloud by
the experimenter at a rate of approximately one word per
second; scores on each test trial in this stage (Immediate)
are the number correctly recalled words out of 16. An
interference trial is then conducted (not reported here) using
a different word list, which is based on two of the original
semantic categories (fruit and spices-and-herbs) and two
new categories (appliances and fish). Then, two ‘short
delayed’ tests of the recall of the original word list are
conducted. The first of these is an oral verbal-free recall test
(short delay recall; scores are the number correct out of 16).
The second is a category-cued recall test in which the
experimenter names each of the semantic categories in turn,
and for each category, the participant responds with all of
the words they can recall from that category (short delay
cued recall; scores are again the number correct out of 16).
Following a filled delay of approximately 20-30 min,
without any further exposure to the word list, the
participant is again tested on their free- and category-cued
recall of the original word list (long delay recall and long
delay cued recall; scores are the number correct out of 16

for each). In the three uncued stages, the list-based SCI
(Stricker et al. 2002) was also calculated (SCI immediate,
SCI short delay and SCI long delay). This provides an
index of the extent to which the participant clusters the
words recalled by semantic category; scores range from —3
(no clustering at all) to 9 (complete clustering). The CVLT
is classified here as being a “moderately complex™ explicit
memory task on the basis of Savage et al. (2001), who
found that prefrontal activation was higher when partic-
ipants used four semantic category cues in a CVLT-type test
than in free recall of a list of unrelated words in a RAVLT-

type test.

Highest complexity explicit memory: Verbal Triplet Associates
task (sample 3) This was a novel task in which participants
learn a list of ten triplets of words (see Table 4). The words
were not used in any of the other tests, were not from
semantic categories used in the CVLT and were unrelated to
drug use. Words in a given triplet were unrelated to each
other and were from different semantic categories (Casey
and Heath 1988). The list length of ten triplets was
determined based on pilot testing to avoid both floor and
ceiling effects in non-drug using controls. The procedure
consisted of five consecutive learn-test cycles (“trials”). On
each trial, the study phase consisted of the experimenter
reading aloud the list of word triplets in a monotone voice
at a rate of approximately 1.5 s to read each triplet, with a
pause of approximately 1.5 s between each triplet (total of
30 s to read the entire list). Instructions to participants were
to learn each triplet such that when they were later
presented with the first word they would be able to recall
the other two. During the memory tests, the experimenter
read aloud the first word in each triplet (the ‘cue’), and the
participant was given 5 s to recall aloud as many as
possible of the remaining two words in the triplet, in any
order. Scores were thus out of 20 (10 tripletsx2 recall
words per triplet), on each of the five learn-test trials. Only
the exact form of the study word was counted as a correct
response (e.g. adding a plural or changing a noun to an
adjectival form was counted as an error). At study, the order
of words within each triplet was the same for all
participants and all trials, and the order of the ten triplets
was the same for all participants and differed across trials;
at test, cues were presented in the order used in the study
phase of that trial.

Statistical analysis

For tests with multiple learning trials, statistical analyses
included a mixed model two-way analysis of variance
(ANOVA), in which the repeated-measures variable was
learning trial, and the between subjects variable was cohort
(ecstasy users, cannabis controls and non-drug using
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Table 4 Stimuli for the Verbal Triplet Associates test, showing the three to-be-learned words in each triplet

Triplets The order of the presentation of triplets at study and the order of the presentation of cues at test
Word 1 (cue) Word 2 Word 3 Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Rugby Bike Pistol First Ninth Sixth Ninth First
Tram Rabbit Dentist Second Fifth First Fifth Tenth
Lego Neck Wattle Third Eighth Ninth Eighth Fourth
Shoulder Tulip Seagull Fourth Second Tenth Second Seventh
Clerk Cannon Tango Fifth Third Third Seventh Second
Finch Ballet Fridge Sixth Fourth Second Fourth Ninth
Lamp Blocks Maple Seventh First Fifth First Sixth
Lily Elbow Boat Eighth Tenth Fourth Third Fifth
Jazz Baseball Snake Ninth Seventh Eighth Tenth Eighth
Goat Plumber Willow Tenth Sixth Seventh Sixth Third

controls). For single measure variables (e.g. the delayed
recall test in the CVLT), statistical analysis included a one-
way ANOVA on the memory measure as a function of
cohort (ecstasy users, cannabis controls where relevant and
non-drug using controls). In either case, a priori (planned)
contrasts were conducted to determine the statistical
significance of any difference in performance between the
cohorts. No post hoc testing was conducted.

For all tests, covariate analysis was conducted in two
stages. In the first stage, all demographic, mental health and
personality variables were considered. Bivariate correla-
tions were used to eliminate variables which showed no
relationship to the outcome measure. The remaining
variables were introduced into an analysis of covariance
(ANCOVA) analysis. Backward elimination of the covariates
was then conducted (based on backward elimination of
variables in regression modelling; Kleinbaum et al. 1988)
until only those covariates (if any) which had a statistically
significant contribution to the model remained.

Results

The major results were that (a) more cognitively complex
memory tasks were associated with clearer ecstasy-related
deficits on memory (Fig. 1a), (b) ecstasy users employed
substantially weaker strategic processing than both non-drug
using and cannabis controls as revealed by semantic clustering
scores on the CVLT (Fig. 1b), and (c¢) where scores were
unaffected by ceiling effects, performance of ecstasy users
failed to reach that of controls even after multiple repeated
learning trials (Fig. 2d).

Statistical analyses supporting these descriptions are now
described. The main effects of cohort, as well as contrasts
between specific cohorts (as reported by SPSS 2004) both
before and after the covariate analysis, are reported in
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Table 5 (implicit memory and simple explicit memory
tasks) and Table 6 (complex explicit memory tasks).
Covariates that were significant in each analysis (and thus
adjusted for in that analysis) are stated in the text; where
covariates are not mentioned, none was significant. (Full
details of the extensive covariate analyses are available in
Brown 2005).

Implicit memory: stem completion task Implicit memory,
involving the lowest level of cognitive complexity and
relying only on perceptual processing brain regions,
showed no ecstasy-related deficit (Fig. la and Table 5).
That is, performance of the ecstasy users in sample 1 did
not differ from the non-drug using controls on this task.

Single unrelated words: stem-cued recall, written free recall
and RAVLT The next level of cognitive complexity was
simple explicit memory tasks, testing recall for single
unrelated words: these tasks critically involve the hippo-
campus as well as perceptual areas but have lower
prefrontal involvement than the more complex explicit
memory tasks (as discussed in the “Introduction”, Savage et
al. 2001). For these types of tests, our results (Fig. 1a and
Table 5) consistently showed either no ecstasy-related
memory deficit or a very small difference between ecstasy
users and non-drug user controls that was not statistically
significant once covariates were taken into account.
Importantly, this result was obtained with both higher
average ecstasy use (sample 2) as well as lower average
ecstasy use (sample 1). Further, it was obtained regardless
of whether overall performance level on the task was high
(Stem-cued Recall Test 3), medium (Stem-cued Recall Test 2)
or lower (Stem-cued Recall Test 1 and Written Free Recall).
Finally, it was obtained with both free recall and cued recall
(cued by part of the target word). Thus, in this particular
geographical population, it appears to be a robust finding
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Fig. 1 a Summary of key
memory findings on overall
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that ecstasy-related deficits on simple explicit memory are
very weak, at best.

California Verbal Learning Test On complex explicit mem-
ory tests that require significant contributions of the frontal
cortex in addition to the hippocampus and perceptual areas,
significant ecstasy-related deficits became apparent.

To begin, we report the “free recall” sections of the
CVLT: that is, the situation where no mention is made to
participants of the fact that the 16 study words can be
grouped into four semantic categories (clothing, tools, fruit
and spices-and-herbs), and participants are left to choose
their own strategies, if any. In this situation, ecstasy users
performed more poorly than both control groups (non-drug
users and cannabis controls) with no significant differences
between the two control groups (Fig. la and Table 6).
Specifically, ecstasy users were significantly worse at
recalling words than each control group at all three delays:
total immediate free recall (collapsed over learning trials
given that there was no interaction between trial and cohort,
see Fig. 2a; covariate BSI obsessive-compulsive), short
delay free recall (covariates BSI depression and estimated
IQ) and long delay free recall (covariate BSI obsessive-
compulsive). Thus, where participants’ attention was not
explicitly drawn to the potential relevance of grouping by

CVLT

CVLT

short long
delay delay

semantic category, there were clear memory recall deficits
in the ecstasy users.

We next report the semantic clustering results. These
provide a measure of the extent to which, during free recall,
participants grouped their responses during output by
semantic category. Higher scores indicate greater grouping
and thus greater use of the ideal memory strategy for the
task. The SCI was calculated according to the list-based
method (Stricker et al. 2002). Results (Table 6 and Fig. 1b)
showed no differences between the two control groups
(non-drug users and cannabis users) at any delay but
showed clear evidence that ecstasy users exhibited less
semantic clustering. Specifically, after controlling for
covariates, ecstasy users exhibited significantly less semantic
clustering than non-drug using controls in all delay condi-
tions: SCI immediate (covariates SSS experience seeking and
BSI obsessive-compulsive), SCI short delay (covariates SSS
experience seeking and BSI obsessive-compulsive) and SC/
long delay (covariates BSI phobic anxiety, SSS experience
seeking and SSS boredom susceptibility). These covariate
analyses also revealed less semantic clustering than the
cannabis user control group for the two shorter delays (SCI
immediate and SCI short delay), with a trend in the same
direction at the longest delay (SCI long delay). Thus, ecstasy
users were consistently impaired in their spontaneous
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Fig. 2 Learning effects across
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implementation of the ideal strategy for supporting CVLT
performance. Moreover, this pattern was consistent across all
learning trials (Fig. 2b).

While the SCI measure assesses participants’ spontaneous
use of category structure as a memory cue, ability to use this
cue by instruction is also assessed in the CVLT, via the
category-cued recall tests (short delay cued recall and long
delayed cued recall in Table 6). Participants were given the
name of each of the four semantic categories in turn and
asked to recall the learned items from that category. Results
(Table 6) showed no evidence of ecstasy-related deficits.
Specifically, small ecstasy-related deficits (see means) that
were significant in the initial analyses disappeared completely
after controlling for covariates (BSI boredom susceptibility
for short delay cued recall and BSI obsessive-compulsive for
long delay cued recall).

Verbal Paired Associates As expected, a considerable ceiling
effect was evident on Verbal Paired Associates immediate
recall trials 2—4 (Fig. 2c).

Consequently, the only condition in which cohort effects
could fairly be examined was immediate recall trial 1. A priori
analysis of trial 1 (Table 6) showed no difference between the
two control groups (non-drug users and cannabis users).
Ecstasy users showed a memory deficit that was statistically
significant relative to cannabis controls and approached
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significance relative to non-drug using controls (covariate
was BSI positive symptom distress index).

Verbal Triplet Associates task Figure 1d shows that the
Verbal Triplet Associates task produced the largest mean
difference between ecstasy users and non-drug using
controls of any of our tasks. Figure 2d shows that
performance was sufficiently away from ceiling (and floor)
to allow fair examination of cohort effects on all five trials.

Statistical comparisons of cohort effects on memory
performance were complicated by interactions between
covariates (alcohol usage measures) and trial, meaning that
cohort effects could not be analysed using contrasts on the
overall two-way trialxcohort ANCOVA. Instead, it was
necessary to analyse each trial separately. Results (Table 6
and Fig. 2d) showed that after accounting for covariates
(across trials, these included estimated 1Q, lifetime alcohol
dose and maximum monthly alcohol dose), ecstasy users
performed worse than non-drug using controls on all five
trials individually, as well as averaged across all trials.
Comparison to cannabis users, however, revealed a different
pattern. Cannabis controls started on the first trial with a
performance level that was as poor as that of ecstasy users and
significantly poorer than non-drug users. Cannabis users then
improved more rapidly across trials than ecstasy users. By trial
2, cannabis users’ deficit relative to non-drug users had
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Table 5 Means (standard errors) and results of initial and covariate analysis for implicit memory and simple explicit memory tasks applied to

samples 1 and 2

Test Sample

Mean (SE) Initial Covariate
analysis analysis
Non-drug using controls  Ecstasy users F P F P

Stem completion (df=1,59)
Implicit memory score 1
Stem-cued recall (df=1, 62)
Test 1 (two trial learning in a difficult memory task)
Test 2 (one trial learning in an easier memory task)
Test 3 (two trial learning in an easier memory task)
Written free recall (df=1, 62)
Immediate 2
RAVLT
Trial 1
Trial 2
Trial 3
Trial 4
Trial 5

Total immediate (all trials)

NN NN NN

1.66 (0.03) 1.88 (0.03) 02 .63 - -
4.77 (0.03) 404 (0.04) 1.6 21 - -
8.24 (0.31) 777034 10 31 - -
9.68 (0.25) 953(0.34) 12 .73 - -
5.62 (0.29) 530(030) 0.6 45 - -
8.74 (0.45) 777 (0.40) 251 .12 113 29

11.56 (0.38) 10.70 (0.46)  2.11 .15 035 55

13.21 (0.32) 11.90 (0.44) 597 .02 234 13

13.71 (0.24) 13.03 (029) 3.5 .08  0.39 54

14.21 (0.17) 13.73 (027) 236 .13 0.55 46

61.41 (1.29) 5713 (1.61) 441 .04 131 26

Significant differences between cohorts have p values shown in italic

dropped to being non-significant, and they had developed a
significant advantage compared to ecstasy users (Table 6). By
trial 5, cannabis users had improved completely to control
levels (Fig. 2d).

Dose dependence For each test producing a statistically
significant difference between ecstasy users and controls,
bivariate correlations (two-tailed, Pearson’s ) were conducted
between memory performance and drug use measures
(including ecstasy, alcohol, cannabis and amphetamines).
There were no statistically significant dose dependencies for
any drug once covariates were taken into account (all p’s>.05).
(Details are available in Brown 2005). Note however that: our
sample size was low in comparison to studies designed
specifically to look for dose dependence, drug use measures
were not normally distributed and the relevant tasks (all from
sample 3) excluded users with ecstasy use at the low end of
the range. Thus, the lack of dose dependence should not be
taken as reliable.

Results relevant to across-sample comparisons Our claim
of differences between simple and complex explicit
memory tasks rests on the assumption that the observed
differences reflect effects of the tasks rather than the
samples of participants. Several analyses were therefore
conducted to rule out a sample-based explanation. First,
Table 2 shows that the mean ecstasy use of sample 3 (who
performed the complex tasks) was slightly lower than that
of sample 2 (who performed the simple tasks); thus, the

deficits on the complex tasks could not be attributed to
greater ecstasy use. Second, although the ecstasy users in
sample 3 had on average a slightly shorter period of
abstinence (M=5.3 weeks) than ecstasy users in sample 2
(M=8.0 weeks), this difference was not statistically
significant (#(60)=1.11, p=.27), and also, in both samples,
there were no statistically significant correlations between
performance on any task with the length of abstinence (largest
Pearson’s r=—137, p=.17 for AVLT total score). Third, we
made use of the fact that there was partial overlap between
the ecstasy users tested in samples 3 and 2. We split the
sample 3 members into two subgroups: ecstasy users who
participated in both samples 3 and 2 (“overlapping” ecstasy
users, n=19) and those who participated only in sample 3
(“new” ecstasy users, n=13). Demographic and drug use
properties of the two subgroups were very similar (smallest
p>.22). Across all measures of the three complex explicit
memory tasks (CVLT, Verbal Paired Associates and Verbal
Triplet Associates), we then found no differences between
the two subgroups of ecstasy users (for 13 statistical
comparisons, all p’s >.30 except for CVLT short delayed
SCI which was p=.09). Both subgroups also showed the
strongest deficit relative to controls on the most complex task
(Verbal Triplet Associates, significant for “overlapping”
users at p=.03 and for “new” users at p=.01). Finally, we
confirmed that the overlapping subgroup showed no sugges-
tion of deficits relative to controls on the simple explicit
memory tasks of sample 2 (smallest p=.49). Together, these
results provide strong evidence that differences in ecstasy
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Table 6 Means (standard errors), initial and covariate analysis for complex explicit memory tasks applied to sample 3, being the California Verbal
Learning Test (CVLT), Verbal Paired Associates (VPA), and Verbal Triplet Associates (VTA)

Test N C E Main effect  Contrasts (p) Main effect  Contrasts (p)
F P N-C C-E N-E F P N-C C-E N-E
CVLT
Immediate (total)® 61.1 (1.4) 592 (1.5) 554(.7) 3.6 .03 39 .01 .01 29 .06 .56 .02 .02
SCI immediate (total) 153 (2.2) 145 2.1 932.1) 23 11 78 .04 .05 4.1 .02 13 .01 .01
Short delay recall 12.8 (0.4) 12.5(0.5) 11.1(0.5) 43 .02 .65 .01 .01 63 .10 74 .03 .04
SCI short delay 4.6 (0.6) 4.8 (0.5) 33(0.5 23 A1 .81 .04 .09 30 .05 46 .02 .02
Short delay cued recall  13.3 (0.4) 12.9 (0.5) 12.0 (0.4) 22 12 .65 .05 04 <1 .52 40 43 28
Long delay recall 13.3(0.4) 13.2(04) 11.7(0.5) 4.0 .02 .85 .01 .01 34 .04 .87 .01 .03
SCI Long delay 5.5 (0.6) 5.5 (0.6) 4.1(0.5 20 .14 .99 .05 .08 20 .14 .81 11 .05
Long delay cued recall  13.2 (0.5) 13.5(0.4) 12.0(0.5) 2.8 .07 .69 .02 .08 1.5 23 .54 27 A1
VPA
Trial 1° 5.8 (0.4) 5.6 (0.4) 4.6 (004) 238 .07 73 .02 .03 22 .12 92 .04 .07
VTA
Immediate (total)® 639 (4.1) 529(3.8) 45747 47 .01 .07 .02 .01 2.8 .07 A1 .05 .03
Trial 1 6.1 (0.8) 3.3 (0.6) 3.7(0.7) 45 .01 .01 25 .01 45 .01 .01 25 .02
Trial 2 10.7 (1.0) 8.1 (0.9) 6.6 (0.9) 4.7 .01 .06 .02 .01 3.8 .03 .06 .05 .01
Trial 3 142 (1.0) 11.3 (1.0) 98(1.2) 47 .01 .05 .02 .01 3.8 .03 .06 .06 .01
Trial 4 15.8(0.9) 142 (09) 12.0(1.2) 3.7 .03 24 .01 .01 2.8 .07 13 .04 .02
Trial 5 17.1 (0.7) 16.1 (0.7) 13.7(1.1) 4.1 .02 .38 .01 .01 2.7 .07 22 .03 .02

df=(2,94) for all tests
N non-drug using controls, C cannabis controls, E ecstasy users, SCI list-based semantic clustering index

*Mixed model ANOVA analysis of immediate recall as function of cohort and trial. No significant interactions in either the initial or covariate
analyses, F’s<l, ns

®Simple effects analysis on trial 1 only, due to heavily skewed distributions on trials 2 and 3 caused by marked ceiling effects

¢ Mixed model ANOVA analysis of immediate recall as a function of cohort and trial found a significant interaction between cohort and trial, (8,
218)=2.56, MSE=8.33, p=.03. Also, ANCOVA analysis revealed significant interactions between the maximum monthly alcohol dose and trial,
F(4,328)=8.54, MSE=6.53, p<.001, and between lifetime dose of alcohol and trial, 7(4,328)=3.64, MSE=6.53, p=.02. Therefore, simple effects
analysis on each trial was conducted using univariate ANOVA/ANCOVA

p-values in italics were significant at p<.05

effects were due to the tasks, not the individuals, tested in
samples 2 and 3.

at most weak and not statistically significant after control-
ling for covariates, in simple explicit tasks (stem-cued recall
and free recall of lists of unrelated words) which principally
rely on perceptual areas plus the hippocampus, with

Discussion

Our study produced three major findings. First, our results
support the hypothesis that behavioural deficits of memory
in human ecstasy users are more marked on tasks that are
more cognitively complex and which heavily load many
brain areas including the frontal lobes rather than relying
principally on the hippocampus and/or perceptual areas.
Specifically, across multiple different tasks in samples
drawn from a common geographical population, we found
the following results. Memory deficits were absent in an
implicit memory task (stem completion), which utilises
perceptual areas only. Memory deficits were also absent or
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relatively weak frontal lobe involvement (Savage et al.
2001; Spiers et al. 2001; Thiel 2003). However, deficits
were clearly apparent in complex explicit memory tasks
(CVLT, Verbal Paired Associates and Verbal Triplet
Associates), which critically rely on strong frontal lobe
contributions in addition to perceptual areas and the
hippocampus (Posner et al. 1988; Roskies et al. 2001;
Schreckenberger et al. 1998; Shaywitz et al. 1995). Indeed,
we found particularly striking deficits in our most complex
task (Verbal Triplet Associates).

Second, our results revealed ecstasy-related deficits in
subject-initiated strategic processing. These results come
from the SCI of the CVLT. Our CVLT findings were that
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(a) free recall memory in ecstasy users was poorer than in
relevant control groups (both non-drug users and cannabis
users); (b) this poor performance derived from ecstasy
users’ failure to implement the ideal memory strategy for
the task, in that their free recall output showed a lack of
semantic grouping of items relative to controls; and (c) this
failure was specifically a failure of spontaneous implemen-
tation, in that experimenter cuing of the category structure
removed the ecstasy-related memory deficit. These findings
provide direct evidence that ecstasy users suffer a loss of
deliberate memory strategies. Also, note the CVLT result
coheres theoretically with the lack of ecstasy deficit in the
RAVLT task. The RAVLT is structurally similar to the
CVLT in most ways (i.e. it involves multiple learning-test
trials and uses single word stimuli) but differs critically in
that the stimulus words are not drawn from obvious
groupings. Under these circumstances, control participants
will not benefit, relative to ecstasy users, from their better
spontaneous strategic processing, because there is no obvious
strategy to implement.

Our final important finding was that ecstasy-related
deficits on associative memory remained apparent even
after multiple attempts to learn the same material. Previous
findings from the Verbal Paired Associates task have
suggested that ecstasy deficits might be merely a matter
of poor learning from a single initial exposure, followed by
rapid improvement to normal levels with repeated learning
opportunities (Montgomery et al. 2005; Ward et al. 2006).
However, when we introduced an associate task that was
difficult enough that performance did not reach ceiling
levels (our Verbal Triplet Associates task), we found that
ecstasy users failed to show any evidence of improving to
the level of non-drug users even after five opportunities to
learn the material. This pattern contrasted with that found in
cannabis users, who improved to normal levels.

Comparison to previous studies

As far as we are aware, our results are novel in providing
(a) the first evidence of task complexity effects over four
levels of cognitive complexity, (b) the first direct analysis
of subject-initiated use of memory strategies by ecstasy
users using the SCI associated with the CVLT, and (c) the
first valid test comparing memory across multiple learning
trials in the absence of ceiling effects, with results showing
ecstasy users did not improve to control-level performance
even after multiple learning opportunities. We can also
compare results of specific individual tests to previous findings,
where relevant results are available, and we do this now.
Regarding immediate memory for single unrelated words
(e.g. RAVLT and similar tasks), of 15 previous studies
reporting data for such tests, ten reported statistically
significant ecstasy deficits (Fox et al. 2001b; Gouzoulis-

Mayfrank et al. 2000; McCardle et al. 2004; Parrott et al.
1998; Quednow et al. 2006; Reneman et al. 2001a, b, 2000;
Thomasius et al. 2003; Yip and Lee 2005), which were
often quite quantitatively small, and five found no
significant deficits (Back-Madruga et al. 2003; Fox et al.
2001a; Golding et al. 2007; Schilt et al. 2008; Semple et al.
1999). Our own finding of very small and non-significant
deficits is thus at the low end of the range of previous
studies but is not inconsistent with previous evidence. We
note that the reason for the different findings across the
various studies remains unknown. One possibility is that it
reflects geographical differences: for example, in patterns of
drug use, drug use settings, drug composition and/or genetic
vulnerabilities. It was for these reasons that in the present
study, we have emphasised the need to make comparisons (in
our case between tasks) within a single population of users
and not across populations.

Regarding Verbal Paired Associates, our results replicate
those of the two previous studies reporting individual-trial
data (Montgomery et al. 2005; Ward et al. 2006), in showing
a significant deficit in ecstasy users relative to controls on the
first trial, but not on subsequent trials where performance
reaches ceiling.

With respect to the CVLT, on the immediate recall
measures, our results replicate findings of Semple et al.
(1999) on deficits in ecstasy users compared to controls and
the trend towards these same results in Halpern et al. (2004).

With respect to implicit memory, we are unaware of
previous tests of implicit memory in ecstasy users.
However, our finding of no ecstasy-related deficits is
consistent with the general finding that implicit memory is
more robust than explicit memory, including against
acquired brain injury (e.g. Warrington and Weiskrantz
1970), as well as alcohol or cocaine abuse (Brunfaut and
d’Ydewalle 1996; Curran et al. 2002; Curran and Morgan
2000; Jasiukaitis and Fein 1999).

Validity of our major findings

We now discuss potential limitations relevant to our three
major findings. Regarding two of our novel findings—
failure of spontaneous strategy use on the CVLT and failure
to improve to control levels with multiple learning trials on the
Verbal Triplet Associates—the only question is whether the
significant cohort effects we observed (i.e. significant differ-
ences between ecstasy users and controls) are attributable to
ecstasy use per se rather than some other variable. We note
that we were not able to demonstrate dose dependence. This
would have provided the most powerful evidence for an
ecstasy-related origin. However, the absence of such effects
was not unusual or surprising given our sample size and
exclusion of low-use ecstasy users in samples 2 and 3).
Another limitation was that insufficient resources were
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available to confirm drug-free status at testing via toxicological
investigations (e.g. hair analysis and urinalysis).

With respect to our third major finding—stronger ecstasy
cohort deficits in more complex tasks—an additional issue
arises. This is the validity of our across-sample compar-
isons. Despite the use of three different samples, there are
several reasons to believe that our findings did indeed
reflect task complexity effects and not sample differences.
First, all samples were selected from the same geographical
population and across a constrained time frame (3 years).
Second, regarding amount of ecstasy used in the three
samples, the only noticeable difference was between
samples 1 and 2. The key result from those samples was
replicated in both cases: that is, neither the lower-usage
group (sample 1) nor the higher-usage group (sample 2)
showed any significant deficit relative to controls on simple
explicit memory tasks for single unrelated words (although
we note that implicit memory was tested only in sample 1).
Crucially, the presence of ecstasy-cohort deficits on the
complex explicit memory tasks cannot be attributed to
higher ecstasy use in the subject sample (sample 3) than in
the sample that completed simple explicit memory tasks
(sample 2), because in fact, sample 3 had slightly lower
mean ecstasy use than sample 2. Third, it is unlikely the
slightly shorter mean period of abstinence in sample 3 than
sample 2 (the difference was not statistically significant)
could account for the stronger deficits relative to controls in
the complex tasks because duration of abstinence was
uncorrelated with task performance. Fourth, the subset of
ecstasy users who participated in both sample 3 and sample
2 showed (a) no difference from sample-3-only ecstasy
users in their performance on the complex memory tasks
and (b) no suggestion of any deficits relative to controls in
the simple memory tasks. Together, we believe these
findings make a strong case that our findings were due to
task complexity and not sample differences.

Theoretical interpretation of task complexity effects

Our results argue that ecstasy-related memory deficits are
stronger in more complex memory tasks than in simpler
memory tasks. We now consider the possible theoretical
interpretations of this effect, first in terms of the functional
cognitive components of memory, and then in terms of the
brain regions involved in memory.

In terms of functional cognitive components, our results
from the CVLT support the interpretation that the reason for
strong ecstasy-related deficits in complex memory tasks is
that ecstasy users fail to implement, in a top-down self-
initiated manner, the deliberate memory strategies that are
needed for good performance on these tasks. We obtained
direct evidence for this interpretation in the context of the
CVLT, where the ecstasy cohort showed significantly less

@ Springer

semantic clustering of their free recall output than either
non-drug users or cannabis users. These results imply there
will be value in testing other types of memory strategies in
future studies. Of particular interest would be the strategies
known to contribute to good performance on associate
learning tasks (i.e. Verbal Paired Associates and presumably
our Verbal Triplet Associates test)—namely, the formation of
sentences or visual images linking the otherwise unrelated
items. Our results suggest that ecstasy users may implement
such strategies less frequently, or less successfully, than
controls. Given our CVLT findings, we would particularly
expect ecstasy users to show a deficit in spontaneous use of
such strategies. Whether they would show a deficit in ability
to implement the strategies to instruction is less clear: our
CVLT findings suggest perhaps not, but standard associate
learning tasks limit the amount of study time participants
have to generate linking relationships between the items, and
ecstasy users have been shown to have deficits in processing
speed (Croft et al. 2001; de Sola Llopis et al. 2008).

Turning to the brain regions involved in memory, our
findings were that ecstasy-related deficits were stronger on
tasks known to place heavier reliance on the frontal lobes
than on tasks known to place weaker reliance on the frontal
lobes. An open question is whether the complexity effects
arise from the involvement of the frontal lobes per se—that
is, that ecstasy simply causes more severe lasting changes
to the frontal lobes than to other regions—or from the fact
that complex memory tasks require strong collaboration
between the frontal lobes and other memory-related
structures. Possibly favouring the former interpretation,
anatomical evidence in animals shows that frontal lobe
projections of serotonergic neurons are more susceptible to
MDMA-related damage than are projections to other
regions of the brain (Molliver 1987). Behavioural studies
in humans, however, are less consistent with this interpre-
tation. Performance on executive tasks such as Random
letter generation and Tower of London provide indications
of frontal lobe functioning, and while many studies have
found ecstasy-related deficits on executive tasks (e.g. Fisk
et al. 2004; Fox et al. 2001a; Schifano et al. 1998),
outcomes often vary between studies on particular tasks
(e.g. non-significant findings on Tower of London in
Morgan 1998; Sobczak et al. 2002). The best interpretation
of our findings may be that larger deficits are observed in
tasks that require complex interactions between multiple
brain regions (each of which has suffered some degree of
lasting ecstasy-related change).

In future studies, it may be possible to address this question
by using fMRI to directly examine the various brain regions
employed across memory tasks of differing complexity and
the influence of ecstasy use on these regions. One question,
for example, is whether activation differences between ecstasy
users and controls would be stronger in frontal regions than in
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the hippocampus or perceptual areas, when performing
complex strategy-influenced memory tasks.

Conclusion

Our study of verbal memory functioning in ecstasy
users has led to three major conclusions. First, verbal
memory is not unitary in its susceptibility to ecstasy-
related damage: instead, behavioural deficits are stron-
ger in complex verbal memory tasks than in simple
verbal memory tasks. Second, the poor performance in
complex tasks is associated with poor implementation
of deliberate memory strategies. Finally, ecstasy users
remain poor relative to non-drug users on complex
memory tasks even after multiple learning opportunities, a
finding that contrasts with improvement to normal levels in
cannabis users.
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