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Abstract

Ecstasy use has been associated with neurotoxicity and neurocognitive impairment in a variety of
domains, including prospective memory (ProM), which involves the delayed execution of a
previously encoded intention in response to a specific cue. The present study adopted the
multiprocess theory of ProM to evaluate the hypothesis that ecstasy users would evidence
differentially impaired ProM on longer versus shorter ongoing task delays. Ecstasy (n = 31) users,
high-risk alcohol users (n = 21) and healthy nonusers (n = 31) completed the short (2-min) and
long (15-min) delay ProM scales of the Memory for Intentions Screening Test. Results showed a
significant group by ProM delay interaction, such that ecstasy users performed comparably to the
comparison groups on short-delay trials, but were impaired on long-delay ProM, particularly for
time-based cues. Among the ecstasy users, long-delay ProM was positively associated with risky
decision-making, but not with retrospective memory or other aspects of executive functions. These
findings suggest that ecstasy users may be particularly susceptible to deficits in strategic target
monitoring and maintenance of cue-intention pairings over longer ProM delays. Findings are
discussed in the context of their potential everyday functioning (e.g., academic, vocational) and
treatment implications for ecstasy users.
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Introduction

Human and animal studies have established that the commonly-used psychoactive drug
ecstasy (primary component 3,4-methylenedioxymethamphetamine, or MDMA\) has adverse
effects on several different neurotransmitter systems, most prominently serotonin (e.g.,
Buchert et al, 2004; Rudnick & Wall, 1992). Neurotoxic effects of MDMA, which may
involve oxidative stress, excitotoxicity, and/or mitochondrial dysfunction (Yammamoto et
al., 2010), have been associated with lasting effects on serotonergic innervations
(Hatzidimitriou et al, 1999). Nuclear neuroimaging studies have found evidence of reduced
5-HT reuptake transporters across a variety of brain regions within the serotonergic system,
including the temporal cortex (e.g., Buchert et al., 2006) and frontostriatal loops (e.g.,
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McCann et al., 1998). A variety of structural and functional neuroimaging studies have
similarly reported abnormal findings associated with ecstasy use (e.g., smaller volumes and
reduced N-acetyleaspartate), particularly in the hippocampus and prefrontal cortex (e.g.,
Obrocki et al, 1999; see Cowan, 2007 for a review).

Meta-analytic studies have consistently reported mild-to-moderate deficits across a number
of neurocognitive domains (e.g., Nulsen et al, 2010; Kalechstein et al, 2007; Zakzanis,
2007), including processing speed, attention, working memory and executive functions.
Arguably, the most prominent and reliable cognitive domain affected among ecstasy users is
verbal memory (e.g., Zakzanis, 2007), for which effect sizes generally fall in the moderate-
to-large range (e.g., Laws & Kokkalis, 2007). The profile of learning and memory deficits
suggest that ecstasy users have particular difficulty with encoding of new material, with
relatively spared consolidation and perhaps mild impairment in retrieval (e.g., Ward et al.,
2006). The primary deficit in initial acquisition apparent in ecstasy users may be driven by
limited use of spontaneous self-initiated strategic processes (Brown et al., 2010),
interference effects (Ward et al., 2006), and task complexity (Brown et al., 2010), which has
led some researchers to hypothesize a possible frontostriatal pathophysiology.

Although the effects of ecstasy on retrospective memory (RM; i.e., recall of events from the
past) are relatively well established, our understanding of its impact on prospective memory
(ProM) is only beginning to emerge. ProM, or “remembering to remember” involves the
execution of a previously encoded intention in response to a specific cue, with a well-
established distinction between response cues that are based on events (EB; e.g., passing
along a message when you next encounter a friend) versus time (TB; e.g., attending an
appointment at 2:00). Importantly, ProM has been found to be particularly sensitive to
changes in everyday functioning in clinical samples, including instrumental activities of
daily living (Woods, ludicello, et al., 2008), unemployment (Woods, Weber, et al., 2011),
and medication adherence (see Zogg et al., in press).

ProM is a higher-level complex cognitive process, and theorists (e.g., Kliegel et al., 2008)
have identified a range of critical component processes, including encoding of the intention
and cue, and retention of the intention-cue pairing over the course of a delay interval during
which an ongoing task diverts attentional resources from the intention. During this period,
relatively automatic and/or strategic monitoring of the environment for the appropriate
circumstance to enact the intention (i.e., cue detection) may occur. Once the cue is detected,
successful ProM performance also requires retrieval of the previously encoded intention
from RM, which is then executed, and the outcome evaluated for accuracy. Given that ProM
processes require not just adequate encoding and consolidation of intention-cue pairs, but
also coordinated and efficient deployment of a variety of executive functions (e.qg.,
McDaniel, Glisky, Rubin, et al, 1999) for successful execution, it is unsurprising that studies
using a variety of methodologies are consistent in linking ProM to a distributed neural
network involving prefrontal (viz., Brodmann’s area 10), temporal, and inferior parietal lobe
structures (Burgess et al., in press).

Evaluation of ProM function amongst ecstasy users has consistently found evidence of
elevated self-reported ProM failures in daily life as compared to non-users (e.g., Rodgers et
al, 2001, Montgomery et al, 2007). A small, but growing research also supports the presence
of objective ProM deficits amongst ecstasy users (e.g., Zakzanis et al, 2003; cf. Montgomery
et al., 2010). For example, Rendell et al. (2007) found global impairment across both time-
and event-based ProM cues after controlling for marijuana, psychopathology and sleepiness,
which was associated with greater frequency of ecstasy use. Hadjiefthyvoulou et al.
controlled for a wider variety of co-occurring substance use and also found TB and EB
ProM deficits in both experimental (2010) and clinical measures (2011). Finally, Bedi and
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Redman (2008a) reported a significantly lower score on a behavioral action-cued ProM task
in their ecstasy-using group (although they dismissed this finding as Type I error). As
concerns the neural substrates of ecstasy-associated ProM deficits, Ramaekers et al. (2009)
observed a relative reduction in task-associated deactivation (relative to placebo) in the
inferior parietal lobule and basal ganglia corresponding to ProM task failures amongst
experienced ecstasy users on an EB ProM task following acute administration of a single 75
mg MDMA dose.

Although the limited research published to date clearly supports an adverse effect of ecstasy
on ProM, the specific cognitive mechanisms of the observed deficit have not been widely
explored beyond those associated with TB and EB cues, which appear to be comparably
affected (Hadjiefthyvoulou et al., 2011; Rendell et al., 2007). This line of investigation is
particularly important due to the complex and multifaceted nature of ProM as outlined
above. One relatively understudied factor affecting ProM performance is the length of the
ongoing task delay; that is, the period of time between intention formation and execution,
during which the participant may monitor the environment for retrieval cues (e.g., McDaniel
& Einstein, 2000), but is otherwise is engaged in a distracter task in order to minimize overt
rehearsal. Findings have been consistent in supporting longer response delays being
associated with poorer recall in the retrospective episodic memory literature (e.g., Wixted &
Ebbeson, 1991). The highly influential multi-process theory would predict a similar pattern
in ProM, positing that executive processes essential to monitoring and cue detection are
limited and therefore easily taxed as delay length increases (McDaniel & Einstein, 2000).
Supporting this supposition, longer delay-related declines have been primarily found in the
ProM literature as strategic demands are increased. For example, Martin and colleagues
observed that increases in ongoing task delays (which presumably increase strategic
demands) resulted in poorer ProM performance, while increasing length of filler tasks
(which allow for greater opportunity for rehearsal) marginally improved ProM, but only
under conditions of short ongoing delay (Martin, Brown & Hicks, 2011). Further, nonfocal
ProM cues -- which place strong demands on strategic and monitoring resources -- produce
more consistent declines in longer-delay conditions versus more automatic focal cues
(Einstein et al, 2005).

These experimental findings would suggest that deficits affecting the ability to efficiently
utilize strategic resources could result in differentially impaired performance for longer
versus shorter delay ProM tasks amongst ecstasy users and other clinical populations
susceptible to executive and memory dysfunction (Zakzanis, 2007). Initial studies
(Heffernan, Jarvis, Rodgers, et al., 2001; Heffernan, Ling & Scholey, 2001) using self-report
measures found that ecstasy users reported generalized ProM impairments across scales
assessing both short- and long-term delays. Interestingly, Rodgers and colleagues found that
ecstasy use was a significant predictor of long delay, but not short delay ProM complaints.
Of note, however, such findings have not been consistently seen (i.e., Montgomery et al.,
2007) and we are unaware of any experimental, performance-based investigations of delay
interval on ProM in ecstasy users. Nevertheless, a recent study by Hadjiefthyvoulou et al
(2010) hints that delay interval might be particularly relevant in ecstasy-related ProM
deficits. The authors noted in passing that ecstasy users displayed more pronounced deficits
on a time-based habitual ProM task (i.e., report on sleepiness level every 20 minutes) during
the latter half of the experiment (Cohen’s d = 1.16) as compared with the first half (Cohen’s
d =.70). In light of the evidence reviewed above, the present study aimed to systematically
evaluate the effect of task interval on ProM performance amongst ecstasy users, controlling
for the potential confounding effects of co-occuring substance use, mood, and lifestyle
factors as required. Given the above literature, multiprocess theory would predict that
ecstasy users may be particularly vulnerable to deficits in strategic target monitoring and
maintenance of cue-intention pairings as ProM delay length increases. Accordingly, it is
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hypothesized that ecstasy users will have differentially impaired ProM complaints and
performance on longer (as compared with shorter) ongoing task delays relative to non-
ecstasy-using comparison groups, and that long delay performance will be associated with
executive dysfunction.

Eighty-three participants were selected from 291 individuals recruited for a larger study of
substance use and neuropsychological function. Recruitment took place via posters placed
around the University of Western Australia campus, student email and webpages, social
networking sites (e.g., Facebook), and word of mouth. General inclusion criteria were age
18-30 years and English as a first language. Exclusion criteria were any history of
significant medical or psychiatric history (e.g., traumatic brain injury with loss of
consciousness > 5 minutes, seizure disorder, Attention-Deficit/Hyperactivity Disorder,
learning disabilities). Individuals with severe mental illness (e.g., bipolar or schizophrenia)
were excluded; however, individuals with depression and anxiety were allowed in all groups
in order to better represent actual substance using populations. Additionally, participants
who had used any substance (other than alcohol) in the previous three days, or had
consumed alcohol at binge levels (> 4 units; e.g., Naimi, Brewer, Makdad et al, 2003) the
previous day were excluded to ensure that any effects seen were not due to the acute effects
of any substance. The primary group of interest was the 31 individuals from the larger
sample who had used ecstasy 10 or more times in their life (XTC; 38.7% male). We then
matched this XTC group to two comparison groups from the larger sample, giving weight to
demographic factors, including education, gender, ethnicity, and age: 1) high risk alcohol
users (ethanol, or ETOH; n = 21, 42.9% male) and, 2) healthy adults (HA; n = 31, 35.5%
male). To be included in the ETOH group, individuals must have scored >15 on the Alcohol
Use Disorders Identification Test (AUDIT), thus reflecting a high likelihood of problematic
drinking (e.g., Babor, Higgins-Biddle et al., 2001), and have reported no lifetime use of
ecstasy. The HA group was selected on the basis of no lifetime use of ecstasy, AUDIT
scores < 8 (consistent with low risk drinking), minimal use of cannabis (i.e., < 10 lifetime
uses), and no lifetime use of any other illicit substances.

With regard to substance and alcohol use history, both substance using groups produced
mean AUDIT scores in the elevated range, with the ETOH group producing higher scores
than the XTC group (p < .05). The mean score on the Drug Abuse Screening Test-20
(DAST-20) for the XTC group was significantly higher versus the ETOH and HA groups
(ps < .05), with 67.7% of the XTC group scoring above cutoffs suggested for identification
of problematic substance abuse (e.g., Cocco & Carey, 1998). The XTC group reported a
median of 30 lifetime doses of ecstasy (mean = 56.5, SD = 61.1), with relatively modest use
of other substances (e.g., median estimated lifetime units of cannabis = 15). The ETOH
group reported limited use of cannabis and benzodiazapines, whilst use of cocaine and
amphetamine was rare.

Demographic and other essential descriptive data are presented in Table 1. The study groups
did not differ in gender composition, estimated premorbid intellectual function, self-reported
distress, ethnic background, or education level (all ps >.10). The XTC group was
marginally older than the ETOH and HA groups (p < .05) and reported greater levels of
sleepiness than the HA group at trend levels (p = .052). Of note, however, age and
sleepiness level were not significantly related to the prospective memory measures (all rs <.
20, all ps > .10). In addition, the scope of the age range (that is, 18-30 years) was very
limited and mean group age differences (less than two years) are not clinically significant in
this age group. Further, inclusion of age (and/or sleepiness) as a covariate in the statistical
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models produced comparable results. Therefore, given the relatively small sample sizes, and
for simplicity of interpretation, results without covariates are presented below.

Participants were administered the research version of Memory for Intentions Screening
Test (MIST; Raskin et al., 2010), which is a standardized measure of prospective memory
that demonstrates evidence of reliability (e.g., Woods, Moran, Dawson, Carey, & Grant,
2008) and construct validity (e.g., Raskin, 2009). The MIST is a 30-minute laboratory-based
measure of ProM that includes four 2-min and four 15-min trials, during which the
participant is engaged in an ongoing distracter task (i.e., a standardized word search).
Responses are coded from 0-2 for each item, such that scale total scores range from 0-8,
with higher scores reflective of better performance (see Woods et al., 2008 for more details).
The 2- and 15-min trials are balanced on time- and event-based cues and action versus
verbal responses. All cues are nonfocal. For the present study, 4 of the 8 items were slightly
modified in order to change items that required subjects to write down participant
identifiable information (due to ethical considerations), or items with limited relevance to
young adults. Specifically, the item “When | hand you a red pen, sign your name on your
paper” (an EB task with 15 min delay), was changed to “When I hand you a red pen, write
down the current month on your paper”; “When | hand you a postcard, self-address it” (EB,
15 min), was changed to “When | hand you a postcard, write down the name of city and
country that we are located in on it”; “When | hand you a request for records form, write
your doctors’ names on it” (EB, 2 min), was changed to “When | hand you a request for
records form, write down the name of any hospital on it”; and “In 15 minutes, use that paper
to write the number of medications you are currently taking” (TB, 15 min) was changed to
“In 15 minutes, use that paper to write down your age”.

Self-reported prospective and memory complaints were assessed with the Long-term and
Short term PM scales of the Prospective and Retrospective Memory Questionnaire (PRMQ;
Smith et al. 2000). The PRMQ is a 16-item, self-report inventory that measures the
frequency with which perceived memory difficulties occur in everyday life on a 5-point
Likert-type scale that ranges from 1 (“never”) to 5 (“very often”). The PRMQ includes eight
ProM complaints, which are separated into four Short-term items, half of which are self-
cued (e.g., “Do you decide to do something in a few minutes’ time and then forget to do
it?”) and half environmentally-cued (e.g., “Do you intend to take something with you before
leaving a room or going out, but minutes later leave it behind, even though it’s there in front
of you?”), and four Long-term items, also comprising self-cued (“Do you forget
appointments if you are not prompted by someone else or by a reminder such as a calendar
or diary?”) and environmentally-cued (e.g., “Do you forget to buy something you planned to
buy, like a birthday card, even when you see the shop?””) ProM complaints.

We also administered clinical tests of executive functions and retrospective memory in order
to examine the neurocognitive correlates of PM impairment in the XTC using participants.
Numerous authors have underscored the multifactorial nature of executive functions (e.g.,
Miyake, 2000); therefore, measures assessing separable components of executive functions,
including complex/divided attention, working memory, word generation, and decision-
making, were administered. Complex/divided attention was assessed with the Trailmaking
Test Part B (Reitan & Wolfson, 1985) and Stroop Neuropsychological Screening Test
(Trennery, 1989). Working memory was assessed with the Letter Number Sequencing and
Digit Span-Backwards subtests of the Wechsler Adult Intelligence Test — 11 (WAIS-111; The
Psychological Corporation, 1997). Word generation was assessed with the Controlled Oral
Word Association (CFL version; Benton et al 1994), Animal Naming (Piatt, Fields, Paolo, et
al, 1999a), and Action Fluency Tests (Piatt, Fields, Paolo, et al, 1999b). Decision-making
was assessed using the lowa Gambling Task (Bechara, 2007), and the Balloon Analogue
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Risk Task (Lejuez, Read, Kahler, et al., 2002). Retrospective memory was assessed with the
delayed free recall trials of the Rey Auditory Verbal Learning Test (Schmidt, 1996) and the
Rey Complex Figure Test (Meyer & Meyer, 1995). Raw scores were converted to
population-based z-scores and averaged across domains using standard, published methods
(e.g., ludicello, Weber, Grant, et al., 2011).

Ecstasy, alcohol and other drug (e.g., cannabis, cocaine, amphetamine, etc) use information
(total lifetime units, frequency and duration of use, most recent use, and age at first use), as
well as self-reported history of treatment or diagnosis of psychiatric and medical conditions
(depression, anxiety, bipolar disorder, schizophrenia, ADHD, learning disorders, seizure
disorder, traumatic brain injury, other neurologically relevant conditions) was collected by
computer assisted interview. In addition, substance related problem behavior was assessed
collected using the AUDIT and Drug Abuse Screening Test-20 (Skinner, 2001). Mood and
emotional distress was assessed using the Depression, Anxiety and Stress Scale — 21
(DASS-21; Lovibond & Lovibond, 1995), self-reported daytime sleepiness was measured
with the Epworth Sleepiness Scale (Johns, 1991), and estimated premorbid intelligence was
assessed by the Wechsler Test of Adult Reading (WTAR; Psychological Corporation, 2001).
Participants were reimbursed $35 AUD for time and travel expenses. The study procedures
were approved by the Human Ethics Research Office at the University of Western Australia.

A repeated measures mixed-model ANOVA? with substance use (i.e., XTC, ETOH, and
HA) as the between-subjects variable and delay interval (i.e., 2-min vs. 15-min) as the
within- subjects factor revealed a trend-level main effect of substance group [F (2,80) = 2.91,
p = .06, 77p .07)], and a significant main effect of delay interval [F (1,80) = 20.6, p < .001,
’7p =.21]. However, interpretation of these main effects was tempered by a S|gn|f|cant
interaction between substance group and delay interval [F (2,80) = 4.02, p < .05, ’7p .09].
As shown in Figure 1, follow-up one-way ANOVAs revealed no effect of group on the 2-
min delay PM tasks [F (2,80) = .67, p > .10, ’7p .02], but a3|gn|f|cant between-subjects
effect on the 15-min delay PM tasks [F (2,80) = 4.89, p < .05, ’7p =.11]. Planned
comparisons indicated that the XTC group performed significantly more poorly than the
ETOH (p =.011, Cohen’s d =.70) and HA (p = .008, Cohen’s d = .67) groups. The HA and
ETOH groups did not differ (p = .890). In order to assess the potential confounding
influence of co-occuring substance use on PM performance in the above findings,
correlations between 15-min PM task performance and other substances (i.e., marijuana,
amphetamine, etc.) use within the XTC group were conducted (NB. due to limited substance
use in the ETOH group, use of a covariate approach was not appropriate). No substances
were significantly related to the 15-min scale (all rs < .25, all ps > .10).

In order to determine if the XTC effect on the 15-min delay PM tasks varied by cue type
(i.e., time- vs. event-based cues), separate one-way ANOVAs were conducted on the 2-item
TB and EB tasks within the 15-min scale Results revealed that groups differed on TB 15-
min PM [F (2,80) = 4.88, p < .05, 77p =.11], but not EB 15-min tasks [F (2,80) = .89, p>.
10, 7’Ip =.02], with the XTC group producing lower mean TB scores than the ETOH (p =
021, Cohen’s d = .59) and HA (p = .005, Cohen’s d = .71) groups, which did not differ (p =
801). Self-reported ProM complaints did not differ across groups for Short- (XTC group M
=11.42,SD =217, ETOH M =12.38, SD = 2.60; HA M = 10.97, SD = 3.06) or long (XTC

IMIST data did not meet assumptions for parametric approaches due to a significant negative skew. As there is no nonparametric
equivalent, and ANOVA-based approaches are robust to violations of normality given adequate sample sizes (e.g., Howell, 2005), the
mixed-model ANOVA remained the most appropriate approach. However, results using Wilcoxon Ranked Sum Tests produced

identical results.
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M =10.52, SD =2.28; ETOH M = 11.71, SD = 2.83; HA M = 10.16, SD = 2.92) delays (all
ps > .10). MIST 2- and 15-minute scales were not significantly related to Short- or Long-
Delay PRMQ scores (all ps > .10).

With regard to the relationship between PM performance and ecstasy use variables, longer
duration of use was associated with poorer performance on the 15-min scale (Spearman’s p
= —.33, p = 0.066) at trend level, and the relationship was stronger for the 15-min TB tasks
(p =— .50, p = 0.004). However, other ecstasy use variables, including lifetime doses, age at
first use, frequency of use, or recency of use, were not related to PM performance (ps > .10).
Self-reported Short- and Long-term ProM complaints were not significantly related to any
ecstasy use variable (all ps > .10).

Correlational analyses revealed that the 2-min delay interval was not significantly related to
retrospective memory or to any executive subdomain (all ps > .10). While the 15-min PM
score was not related to the retrospective memory z-score (p > .10), there was a significant
correlation with the decision-making z-score (r = .45, p = .014). No other correlation
between the 15-min PM score and executive functions reached the level of statistical
significance (all ps > .10). Self-rated ProM was not related to any executive or memory
domains (all ps > .10).

Discussion

A handful of studies now show that ecstasy users are at increased risk of failures in ProM
(e.g., Hadjiefthyvoulou, Fisk, Montgomery, et al, 2010 and 2011; Rendell, 2007), but the
potential role of delay interval on the expression of ProM deficits was heretofore largely
unknown. The current results support a deficit in ProM functioning amongst ecstasy users
for longer (15 min) ongoing task delays, as compared with shorter (2 min) delays, where
ecstasy users performed similarly to the high-risk alcohol and normal comparison samples.
It is unlikely that these findings are an artifact of demographics, lifestyle factors, or affective
distress, as the groups were well matched on these factors. Moreover, within the ecstasy
group, use of cannabis and other substances was not related to ProM, whereas longer
duration of ecstasy use was negatively associated with performance on long delay ProM,
suggesting that these findings were not simply attributable to polysubstance use among the
ecstasy users.

The pattern of results found in the present study are consistent with predictions based on the
multiprocess theory: specifically, that ProM tasks requiring greater self-initiated strategic
resources would be most affected among ecstasy users, who commonly evidence deficits in
strategic RM encoding and executive functions (Zakzanis, 2007). In other words, our data
suggest that ecstasy users experience difficulty with the complex processes of strategic
target monitoring and maintenance of the cue-intention pairing over longer ongoing task
delay intervals. This hypothesis is commensurate with recent evidence of poorer ProM
performance on longer versus shorter delay task intervals in clinical samples with executive
impairment, including HIV infection (Contardo et al., 2009) and traumatic brain injury (Tay
et al., 2009). Moreover, Raskin et al. (2011) found that individuals with Parkinson’s disease
displayed impairments for both 2- and 15-minute delays on the MIST relative to healthy
adults, but that the effect size was notably greater for longer (Cohen’s d = .90) compared
with shorter delays (d = .47). Considering the convergence of these clinical conditions on
frontostriatal systems and associated executive dysfunction, one might reasonably assert that
the observed interaction between ecstasy use and ProM cue delay may be most cogently
attributed to strategic dyscontrol of monitoring and cue detection. Indeed, Rendell et al
(2007) argued for a potential primary role of executive dysfunction in accounting for the
ecstasy-related ProM deficit.

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2012 December 1.
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Consistent with this hypothesis, longer response delays produced the greatest effect for TB
rather than EB tasks in the current study. This is most likely related to the increase in the
executive load of TB ProM; that is, when tasks are equivalent on other relevant variables
(e.g., cue focality) ProM for TB cues is thought to place greater demands on executive (i.e.,
self-initiated strategic monitoring and cue detection) processes than EB ProM, where
retrieval is thought to be less effortful and prompted by external cueing (Einstein, McDaniel,
Richardson, et al., 1995). The executive processes involved in TB ProM are thought to be
resource intensive and differentially vulnerable to the effects of dysfunction of the
frontostriatal pathways, for example in persons with Parkinson’s disease (e.g., Raskin et al.,
2011). Consistent with this proposition, previous research has supported a link between TB
ProM and performance on other measures of executive function, whereas EB ProM is more
consistently related to measures of retrospective memory (e.g., Raskin, Woods, et al, 2011;
Zogg, Woods, et al, 2011; Costa, Peppe et al, 2009).

Consistent with this conceptual argument, the present results revealed a relationship between
long-delay ProM and the executive decision-making domain, which prior research shows is
strongly linked to the integrity of prefrontostriatal circuits (e.g., Bechara et al., 2000). In
fact, this association was stronger for long-delay tasks with TB cues than it was for EB cues,
commensurate with the above-detailed executive demands theorized to be greater for the
former versus the latter. We are unaware of other research reporting a specific relationship
between ProM and laboratory measures of decision-making. However, Martin and
colleagues found that ProM deficits were associated with self-report of a greater number of
infection exposure-related risky behaviors (i.e., risky sexual and injection practices) among
polysubstance abusers with HIV infection (Martin, Nixon, Pitrak, et al, 2007). They
speculated that ProM and decision-making may share common cognitive mechanisms,
including anticipation of future goals, but also that whether one engages in risky behaviors is
likely influenced in part by the ability to plan, maintain and retrieve risk reduction strategies
under the appropriate circumstances. Testing this hypothesis could be accomplished by
experimental implementation of ProM strategic interventions (e.g., strategies to increase
encoding, such as response visualization, or content-free cuing; Fish et al, 2007) in impaired
groups and monitoring objective risk behaviors. Interestingly, long-delay ProM was not
associated other executive function domains; however, the observed effect sizes suggest that
these null findings may be a function of limited power, particularly in the case of the
working memory domain.

Conversely, the current findings could be argued to represent the effects of increased
demands on retrospective memory functions for ProM tasks with longer delays.
Retrospective memory research has supported a decline in performance with increasing
delay length (e.g., Wixted & Ebbeson, 1991), and retention of intention-cue pairs in ProM
may similarly decay over time. The veracity of this alternate interpretation would be
supported by differences in various aspects of RM in the present results. For example, the
MIST includes a recognition trial in which participants are asked to identify all intentions
associated with specific cues from distracter items, with poor performance indicative of
inadequate encoding or retention of RM. A post hoc analysis revealed that groups did not
differ on MIST recognition memory (p > .10), and indeed 90% of the participants in the
ecstasy group achieved perfect scores on this scale. It is also possible that a more subtle
retrieval deficit (i.e., of the appropriate intention-cue pair from RM) may have contributed to
poorer ProM performance; however, we did not observe a significant relationship between
the standard clinical RM and long delay ProM in the ecstasy-using group. Accordingly,
these data do not support RM deficits as the primary factor driving the observed differential
long-delay ProM deficit in ecstasy users, but future studies may wish to examine possible
effects of increased RM load and even longer ProM delays to more carefully evaluate this
notion. This may be particularly relevant as ProM delays involving hours and days may be
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associated with fewer strategic and more automatic monitoring processes as compared to the
briefer paradigm adopted in this study (e.g., McDaniel & Einstein, 2000).

Contrary to our study hypotheses, we did not observe any effect of delay interval on self-
reported ProM; in fact, the ecstasy group endorsed similar ProM complaints as both the
high-risk alcohol and healthy comparison groups. This was unexpected and runs in contrast
to findings from a host of previous studies that have shown that ecstasy users reliably report
experiencing elevated ProM failures in their daily lives (e.g., Heffernan, Ling, & Scholey,
2001; Rodgers et al., 2001; Rodgers et al., 2003). However, these prior studies did not
reliably consider the potentially confounding effects of affective distress, which can be
observed at least to a modest degree in ecstasy users (e.g., Sumnall & Cole, 2005). For
example, Bedi and Redman found that anxiety and depression confounded self-reported
memory complaints amongst ecstasy users, perhaps due to the effects of mood-related
negative self-appraisals (2008b). The ecstasy users in the current study were not
significantly distressed (i.e., 94% of the ecstasy participants scored in the normal range on
the DASS-21 Depression scale, and all elevated profiles were only mild in severity).
Furthermore, at the group level, the ecstasy users did not differ from the high-risk alcohol or
healthy comparison groups in overall affective distress. It is likely, therefore, that low levels
of distress and group equivalence at least partly explain the absence of self-reported ProM
findings in the current study.

Questions remain as to the extent to which ecstasy use patterns (e.g., quantity, frequency,
duration, age at onset, etc.) relate to ProM. Although a prior meta-analysis found that greater
lifetime quantity of ecstasy use is associated with worse cognitive outcomes (Zakzanis et al.,
2007), this relationship has not been reliably observed in the ProM literature. In the current
study, only duration of ecstasy use was significantly associated with performance on long
delay ProM. Prior studies of ProM amongst ecstasy users have sometimes (e.g., Rendell,
2007), but not always (Hadjiefthyvoulou et al; 2010) found frequency of ecstasy to be
predictive of ProM impairment. This level of inconsistency in directly linking cognition to
substance use patterns is by no means unique to ecstasy (e.g., Scott et al., 2007), and likely
reflects the poor reliability of self-report and semi-structured interview techniques for
gathering and coding historical use variables across substances. Moreover, the amount and
nature of information collected specific to participant ecstasy use patterns is highly variable
across the literature, thereby making clear conclusions about what aspects of ecstasy use
habits are most relevant to neurotoxicity difficult to ascertain in naturalistic studies (cf.
controlled experiments; e.g., Ramaekers et al. [2009]).

Limitations of the current study are similar to those found in many studies of neurocognition
among substance abusers (e.g., limited sample sizes, polysubstance use, use of self-report
methodology to collect substance use information, and relatively short periods of abstinence
from alcohol and other substances). In addition, our sample of ecstasy users had a relatively
low level of lifetime use (median 30 units). It is notable, however, that we were still able to
detect an effect of ecstasy relative to high risk alcohol users and healthy comparisons on
ProM, which is consistent with other studies that have observed neurocognitive deficits in
similarly lower-frequency ecstasy samples (e.g., Yip & Lee, 2005). Further, the present
study collected extensive information about use of co-occurring substances and used a
comparative group with similar alcohol consumption patterns. The pattern of results and
lack of relationship found between other substance use variables and ProM would support
that the delay-related deficits found are likely related to ecstasy use, and not simply an
artifact of polysubstance use alone. However, the use of a non-ecstasy using comparison
group matched on both alcohol and marijuana use variables would be desirable in future
studies. Of note, the present results may also have been influenced by the relative
differences in difficulty between short and long delay tasks (Chapman & Chapman, 1973).
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That is, we cannot rule out the possibility that the observed group by delay effects were due
to the relatively greater difficulty of long delay tasks. Finally, the design of our study is
limited by the use of overlapping delay (i.e., 2- and 15-min) and cue type (i.e., time- and
event-based) trials embedded in a clinical measure, which future investigations may rectify
by using a parametric design and randomized, separate trials of psychometrically
comparable tasks across systematically manipulated delay intervals.

The increasing importance of improving the ecological validity of neuropsychological
evaluations has been noted (e.g., Chaytor, Schmitter-Edgecombe & Burr, 2006), and ProM
has displayed promise as a predictor of functional status. For example, previous research has
found ProM to be a unique predictor of declines in general instrumental activities of daily
living (e.g., Woods et al., 2008), unemployment (Woods et al, 2011), and daily living skills
(e.g., Twamley et al., 2008) amongst some clinical samples. The association between ProM
and ecstasy has potential implications for academic, employment and higher level
functioning, as well as treatment of ecstasy users. ProM impairments may be especially
relevant in the population of young adults, as significant ProM-related problems may arise
in this important transitional period, such as failure to attend classes and failing to complete
important academic or job-related tasks. With regard to the potential treatment implications
of these data, users do not commonly present for treatment identifying a problem with
ecstasy abuse (EI-Mallakh & Abraham, 2007). Instead it is more common for individuals
with a history of ecstasy use to report other substances (alcohol, marijuana, cocaine) as
primary substances of abuse (Maxwell & Spence, 2005). However, the evidence for ProM
deficits amongst ecstasy users, regardless of identified primary substance, would suggest
that it is important for treatment providers to consider the potential effects of memory
difficulties. For example, difficulties in learning and remembering coping strategies or
completion of homework tasks may interfere with cognitive behavioral interventions.
Additionally, use of serotonin selective reuptake inhibitors (EI-Mallakh & Abraham, 2007)
and anticholinesterase inhibitors (Jovanovski & Zakzanis, 2003), has been raised as a
potential treatment for ecstasy abuse and ProM has demonstrated unique predictive ability
for medication adherence (Zogg et al, in press). Further research to determine whether ProM
deficits translate into functional decrements (e.g., social and occupational function, quality
of life) amongst ecstasy users is needed.
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Figure 1.
Bar chart displaying the interaction between prospective memory (ProM) delay interval (2-

vs. 15-min) and ecstasy use in the study groups.
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Demographic, Psychiatric, and Substance Use Characteristics of the Study Groups.

Table 1

Variable HA(n=31) ETOH(n=21) XTC(n=31) p-value
Age (years) 19.7 (1.6) 195 (2.1) 21.4 (3.3) 010
Education (years) 13.0(1.3 12.7 (0.9) 13.4 (1.5) .166
Est. VIQ 112.6 (8.1)  113.9(7.8) 109.9 (9.7) 225
Gender (% male) 35.5% 42.9% 38.7% .866
Ethnicity (% White) 83.9% 85.7% 96.8% 172
DASS 21 Total 13.0 (9.4) 16.5 (12.1) 13.4 (8.3) 420
Epworth Sleepiness Scale 5.4 (3.0) 7.7 (4.3) 7.1(3.5) .052
DAST-20 0.5 (1.0) 1.8(2.2) 6.0 (3.2) <.001
Ecstasy Use
Lifetime doses 30 (20, 70)
Age at first use (years) 17 (17, 18)
Recency (% used in past mo) 32.3%
Frequency (% > 1/mo) 22.6%
Duration (% > 6 months) 77.4%
Alcohol Use
AUDIT 3.8(2.4) 19.8 (4.4) 15.0 (5.3) <.001
Lifetime drinks (% > 100 units) — ---- 61.9% 87.1% .100
Age at first use 14.8 (1.6) 13.9(1.4) .034
Recency (% used in past mo) 95.2% 100% .220
Frequency (% > 1/week) 71.4% 71.0% 722
Duration (% > 6 months) 47.6% 64.5% .226
Other substance use™
Cannabis 2(0,5) 15 (6, 150) <.001
Benzodiazapines - 6 (2, 10) 15 (1, 30) .565
Cocaine 0(0, 0) 8 (2, 40) <.001
Amphetamine 0(0,0) 2 (0, 30) <.001

Page 16

Note. HA = healthy adults. ETOH = High Risk Alcohol Users. XTC = Ecstasy Users. Est. VIQ = estimated premorbid verbal 1Q derived from the
Wechsler Test of Adult Reading. DASS 21 = Depression Anxiety Stress Scales — 21 item version. DAST = Drug Abuse Screening Test — 20-item
version. AUDIT = Alcohol Use Disorders Identification Test.

*
Estimated units of lifetime use.
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