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Abstract

Ecstasy (MDMA) is a popular drug that can act as a selective serotonin neurotoxin in several species. The goal of
the present study was to examine the relationship between ecstasy exposure and cognitive functioning after
controlling for other drug use and demographic variables. Furthermore, we assessed whether gender was a
moderator of the relationship between cognitive functioning and ecstasy use. Data were collected from 31 men and
34 women with a wide range of ecstasy use (17 marijuana users with no ecstasy use and 48 ecstasy users ranging
from low to heavy use). Participants were interviewed and administered a battery of neuropsychological tests. The
primary finding was that ecstasy exposure was significantly related to poorer verbal learning and memory ability in
a dose-dependent manner, while no such relationship was observed between ecstasy exposure and executive
functioning or attentional ability. Gender was found to significantly moderate the relationship between ecstasy
consumption and design fluency. These results suggest primary memory dysfunction among abstinent recreational
ecstasy users. This finding is consistent with reports of hippocampal vulnerability, particularly among heavy users.
(JINS, 2005, 11, 753–765.)

Keywords: Methylenedioxymethamphetamine, Substance-related disorders, Memory, Adverse effects, Sex
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INTRODUCTION

Use of “ecstasy” (primarily containing 3,4-methylenedioxy-
methamphetamine, or MDMA) is a significant health care
concern for adolescents and young adults, with lifetime prev-
alence rates reaching 11% for HS seniors and 10.6–14% for
college students (Kavanagh et al., 2004; Strote et al., 2001;
Zickler, 2001). MDMA affects brain neurochemistry by bind-
ing to serotonin (5-HT) transporters, preventing serotonin
reuptake from nerve terminals and thus increasing seroto-
nin in the synaptic space (Parrott, 2001).

The relatively high rate of ecstasy use is of great concern
in that several studies have demonstrated that ecstasy is a
selective serotonin neurotoxin in animals, including rats
(O’Shea et al., 1998; Scheffel et al., 1992), squirrel mon-
keys (Hatzidimitriou et al., 1999), rhesus monkeys (Taffe

et al., 2001), and baboons (Scheffel et al., 1998). Ecstasy
(MDMA) also releases dopamine and has been shown to be
a selective dopamine neurotoxin in mice. However, thus
far, ecstasy has not been shown to be a selective dopamine
neurotoxin in rats, guinea pigs, primates, and humans
(Colado et al., 2004). Nonetheless, ecstasy polydrug users
may demonstrate dopamine neurotoxicity since the combi-
nation of amphetamine and MDMA has been shown to be
neurotoxic to dopamine neurons (Reneman et al., 2002a).

Recent converging lines of evidence have indicated that
ecstasy is a selective serotonin neurotoxin in humans
(McCann et al., 2000). For example, studies have demon-
strated selective reductions in cerebrospinal fluid
5-hydroxyindoleacetic acid (serotonin metabolite) among
recreational ecstasy users, compared to controls (with no
differences in major metabolites of dopamine and norephi-
nepherine; Bolla et al., 1998; McCann et al., 1994). With a
few exceptions (Chang et al., 2000; Gamma et al., 2001),
recent research utilizing imaging techniques, such as PET,
SPECT, and MRI, have demonstrated serotonin depletion
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among abstinent ecstasy users (McCann et al., 1998; Ren-
eman et al., 2000, 2002b), and in two studies the level of
McN-5652 (a serotonin transporter ligand) was correlated
with lifetime dosage of ecstasy (McCann et al., 1998; Ricau-
rte et al., 2000). Considering this evidence of ecstasy induced
serotonin neurotoxocity, research focused on the cognitive
effects of ecstasy use has gained attention during the last
few years (Morgan, 2000).

The most consistent finding of neuropsychological stud-
ies is that ecstasy users demonstrate decrements in verbal
learning and memory compared to ecstasy-naïve controls
(Fox et al., 2002; Morgan et al., 2002; Rodgers, 2000; Ver-
baten, 2003; Zakzanis & Young, 2001). For example,
Gouzoulis-Mayfrank and colleagues (2003) compared the
neuropsychological functioning of 60 ecstasy users (30
“heavy” and 30 “moderate” users) to 30 controls. They found
that heavy ecstasy users (with average lifetime use of 500
pills) performed significantly more poorly on verbal mem-
ory tasks compared to moderate ecstasy users and controls.

Studies assessing the effect of ecstasy consumption on
visual memory ability are not as consistent in demonstrat-
ing deficits (Verbaten, 2003). Although many have found
visual memory deficits (Bolla et al., 1998; Fox et al., 2002;
Gouzoulis-Mayfrank et al., 1999; Rodgers, 2000; Verkes
et al., 2001), one study found no differences between can-
nabis and ecstasy users (Croft et al., 2000), and three stud-
ies found no visual memory deficits in ecstasy users
compared to controls (Krystal & Price, 1992; Wareing et al.,
2000; Zakzanis & Young, 2001).

Until the past few years, research has focused primarily
on the relationship between ecstasy and memory, while ignor-
ing other cognitive domains such as attention and executive
functioning. Of the studies that assessed attention, one found
deficits in sustained attention (McCann et al., 1999) and
divided attention (Gouzoulis-Mayfrank et al., 1999), while
one found no differences (Thomasius et al., 2003). There
are also conflicting results related to selective attention:
one study did find differences (Gouzoulis-Mayfrank et al.,
1999), while one did not (Morgan et al., 2002). Simple
attentional capacity appears to remain unimpaired (Croft
et al., 2000; Gouzoulis-Mayfrank et al., 1999; Thomasius
et al., 2003). Finally, Zakzanis and colleagues (2002) found
little differences in groups in attentional ability when com-
paring ecstasy users to drug-naïve controls, but did find
significant bivariate relationships between selective atten-
tion and lifetime ecstasy consumption (Zakzanis et al., 2002).

There is also conflicting evidence regarding the relation-
ship between ecstasy use and executive functioning. Stud-
ies have found deficits in working memory ability (Croft
et al., 2000; Fox et al., 2001a; Gouzoulis-Mayfrank et al.,
1999; Morgan et al. 2002; Wareing et al., 2000), while two
studies only found working memory deficits among “heavy”
ecstasy users (Daumann et al., 2003; Gouzoulis-Mayfrank
et al., 2003). Verbal fluency results have also been mixed,
with one study finding a reduction in fluency among ecstasy
users (Fox et al., 2002) and one reporting negative findings
(Morgan et al., 2002). Thus far, it appears that concept

formation (Fox et al., 2001a; Gouzoulis-Mayfrank et al.,
2003; Thomasius et al., 2003; Verkes et al., 2001) and
sequencing ability (Morgan et al., 2002; Thomasius et al.,
2003) remain relatively unimpaired among ecstasy users.

One factor that complicates the interpretation of existing
neuropsychological studies is that the range and recency of
ecstasy use and use of other drugs of abuse are substantially
different across samples. The vast majority of these studies
dichotomized participants into groups that had “never used
ecstasy” or “used ecstasy,” even though several of these
studies found significant bivariate correlations between fre-
quency of ecstasy use and cognitive performance (Bolla
et al., 1998; Croft et al., 2000; Fox et al., 2001a; Gouzoulis-
Mayfrank et al., 1999, 2003; Morgan, 1999; Zakzanis &
Young, 2001; Zakzanis et al., 2002). Studies examining dif-
ferences between groups of ecstasy users who have differ-
ent levels of exposure have found that “heavy” users
demonstrate more severe cognitive deficits compared to
“light” users (Fox et al., 2001b; Gouzoulis-Mayfrank et al.,
2003; Verkes et al., 2001), which suggests that more work
is needed that looks at dose-dependent relationships in
ecstasy users.

In addition, several studies did not control for frequency
of other drug use (Bolla et al., 1998; Gouzoulis-Mayfrank
et al., 1999; Krystal & Price, 1992; McCann et al., 1999;
Parrott & Lasky, 1998; Reneman et al., 2000; Rodgers, 2000;
Zakzanis & Young, 2001). Considering the high rate of poly-
drug use among ecstasy users, particularly alcohol, canna-
bis, cocaine, and other amphetamines (e.g., Fox et al., 2001b;
Parrott et al., 2000), it is difficult to determine whether the
observed cognitive deficits among ecstasy users were due
to ecstasy use, other drugs, or the combination of both.
Studies that have attempted to control for other drugs of
abuse have yielded variable results: some have found that
ecstasy use predicts cognitive functioning after comparing
to a polydrug control group (Fox et al., 2001b; Morgan,
1999; Verkes et al., 2001), while others did not find impair-
ment after comparing to marijuana-using control group (Croft
et al., 2000; Rodgers, 2000).

The present study was designed to clarify the relation-
ship between cumulative exposure to ecstasy and various
cognitive abilities (including memory, working memory,
and executive functioning), while statistically controlling
for the effects of other drug use and potentially confound-
ing demographic variables that are related to cognitive abil-
ity. It was hypothesized that increased past year and lifetime
ecstasy use would be significantly related to poorer neuro-
psychological performance after controlling for demo-
graphic and other drug use variables.

Finally, very few studies have examined gender differ-
ences in the functional consequences of ecstasy consump-
tion. This is important because there are gender differences
in markers for serotonergic integrity in MDMA users, in
which women have relatively more impaired serotonergic
functioning compared to men (McCann et al., 1994; Rene-
man et al., 2001). However, Bolla and colleagues (1998)
found that women in their sample demonstrated fewer dec-
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rements in memory performance with increasing lifetime
dose of ecstasy compared to men. Thus, the current study
evaluated whether or not there are gender differences in the
neuropsychological consequences of ecstasy use.

METHODS

Ecstasy Use Bins

Participants were recruited using a quota sampling tech-
nique based on bins of lifetime ecstasy use. The purpose of
recruiting using this classification system was to ensure
that there were adequate numbers of participants across the
expected range of ecstasy use to inform the study of dosage
effects on neuropsychological functioning. (When these cat-
egories were combined, they spanned the entire range of
lifetime use; therefore, data were analyzed utilizing a con-
tinuous variable reflecting lifetime ecstasy exposure.)

The full possible range of ecstasy use was split into four
bins, and participants were recruited according to a plan
that ensured that the bins would include approximately equal
numbers of participants, balanced for gender. As discussed
earlier, nearly all ecstasy users also take other drugs, and
comorbid marijuana use is particularly common. There-
fore, Bin 1, reflecting no lifetime ecstasy use, was filled
with marijuana-using participants who had lifetime mari-
juana use that was similar to the ecstasy-using participants.
(Participants in this bin will be labeled “marijuana users”
from this point on, although they also consumed alcohol
and cocaine.) Bins 2– 4 were filled with ecstasy polydrug
users. (When group data are presented for descriptive pur-
poses, Bins 2– 4 are combined and labeled “ecstasy users.”)
The bins were as follows: Bin 1 5 8 male, 9 female mari-
juana users with no ecstasy use; Bin 25 9 male, 10 female
ecstasy users who consumed 1– 60 tablets in their lifetime;
Bin 3 5 8 male, 6 female ecstasy users who consumed
61–200 tablets in their lifetime; Bin 4 5 9 male, 6 female
ecstasy users who consumed over 200 tablets in their lifetime.

Again, data from participants across all bins were com-
bined to represent a continuous variable of lifetime (rang-
ing from 0–2310 lifetime tablets) or past year ecstasy use.

Research Participants

Participants were recruited through advertisements in a free
metropolitan newspaper. Potential participants were screened
over the phone to determine their eligibility. Exclusion cri-
teria included major medical or neurologic illnesses or inju-
ries, mental retardation, serious premorbid psychiatric
conditions (Axis I psychotic or mood disorder prior to abus-
ing drugs) or use of prescribed medications that affect cog-
nition. Participants were required to be fluent English
speakers, 18 years of age or older, and had to fall within one
of the bins of ecstasy exposure (described in detail above).

Participants were required to remain abstinent from
ecstasy and other drugs of abuse for 1 week (to reduce
symptoms associated with drug withdrawal; Bolla et al.,

1998; Zakzanis & Young, 2001).a The participant’s length
of abstinence was assessed on two separate occasions dur-
ing the study session (questionnaire prior to testing and
during the Time Line Follow-Back). Participants were paid
$35 and given informational pamphlets and drug and alco-
hol treatment referrals. Of the potential participants 34 men
and 31 women participated.

Procedure

All aspects of this study were approved by the Institutional
Review Board at the University of Cincinnati. Prior to begin-
ning the study, informed consent was obtained.b The study
protocol was counterbalanced. All the participants began
by filling out a brief background questionnaire. Half the
participants began with the questionnaire and drug use inter-
view and then were administered the neuropsychological
battery, while the other half of the participants began with
the neuropsychological battery and then completed the ques-
tionnaire and drug use interview.

Interview/Self-Report Questionnaire

Frequency of drug use

In order to reduce the memory load on retrospective reports
of drug use, a modified version of the Time-Line Follow-
Back (Sobell et al., 1979) technique was given, which uti-
lizes memory cues of holidays and personal events to
measure frequency of drug use over the past year. A semi-
structured interview was then conducted in order to mea-
sure lifetime drug use frequency. The participants were asked
their average weekly use each year they used the substance.
Memory cues such as developmental milestones, school
grades, and relationships were utilized. The following drug
categories were assessed: ecstasy, marijuana, alcohol, sed-
atives (barbiturates, valium, Xanax, Ativan, ketamine, GHB),
stimulants (cocaine, crack cocaine, amphetamine, and meth-
amphetamine), hallucinogens (PCP, LSD, peoyote, mush-
rooms), opioids (heroin, opium), and inhalants (paint, glue,
household cleaners, nitrous oxide, gas). The participant’s
drug use was measured by the number of standard units
(tablets for ecstasy; standard drinks for alcohol; joints for
marijuana; grams for stimulants; number of hits for in-
halants, hallucinogens, and opioids; and pills or hits for
sedatives).

Substance dependence

It was beyond the scope of the current study to conduct
diagnostic interviews to assess symptoms of substance abuse

aWhen discrepant reports were given, the shortest length of abstinence
was used and re-confirmed later in the interview. Two participants were
excluded from the study due to consuming drugs within the past week.

bParticipants had the right to waive signing the informed consent doc-
ument (per the I.R.B.’s request), in which case K.L.M. and a research
assistant signed the informed consent document as witnesses that informed
consent was obtained.
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and dependence for all drug categories. Instead, the Sub-
stance Abuse Subtle Screening Inventory–Third Edition
(SASSI–3) was administered to assess drug dependence
(Miller & Lazowski, 1999).

Neuropsychological Battery

Instruments included in the neuropsychological battery have
been used often in studies assessing cognitive functioning
in substance abusers (Croft et al., 2000; Fox et al., 2001a;
Wareing et al., 2000; Zakzanis & Young, 2001). The battery
included an estimate of premorbid intelligence which also
reflects quality of education (Wide Range Achievement Test,
Reading subtest; Wilkinson, 1993), selective and sustained
attention (Ruff 2 & 7; Ruff & Allen, 1996), working mem-
ory (WAIS–III Letter Number Sequencing; Wechsler, 1997),
ability to inhibit overlearned responses (D-KEFS Color-
Word Interference Test; Delis & Kaplan, 2001), sequencing
and psychomotor speed (Trail Making Test Part A and Part
B; Lezak, 1995), problem solving and reasoning (WAIS-III
Matrix Reasoning Test; Wechsler, 1997), visual and verbal
fluency (D-KEFS Design and Verbal Fluency; Delis &
Kaplan, 2001), visual memory (Benton Visual Retention
Test–Fifth Edition; Sivon, 1992), and verbal memory (Cal-
ifornia Verbal Learning Test, Second Edition; Delis et al.,
2001).

Data Analysis

In order to reduce the number of dependent neuropsycho-
logical variables to be tested, we ran a principal compo-
nents analysis (PCA) to produce factors composed of
variables obtained from the neuropsychological battery (see
Table 5.) In the preliminary analyses, the bivariate correla-
tions were examined in order to gain an understanding of
the simple relationships between cognitive functioning
(neuropsychological components) and ecstasy use (past year
and lifetime frequency).

The primary analyses included two series of multiple
regressions that tested whether (1) past year; or (2) lifetime
ecstasy exposure was significantly associated with cogni-
tive functioning after controlling for age, gender, educa-
tion, ethnicity, premorbid IQ (WRAT 3 Reading), and
frequency of other drug use besides ecstasy. Ordinary least
squares (OLS) multiple regressions were utilized in order
to examine the unique variance accounted for by ecstasy
above and beyond the other variables included. Interpreta-
tions about statistical significance were made if p was less
than .05. No Bonferroni corrections were made due to the
conservative use of standard multiple regressions, inclu-
sion of multiple covariates, and data reduction technique
(PCA) employed to reduce the total number of dependent
variables.

More specifically, in the first series, past year ecstasy
use was the primary independent variable (IV) of interest.
In the second series, lifetime ecstasy use was primary IV.
The two series of analyses included nine separate regres-

sions each (one for each of the neuropsychological compo-
nents). Both series of regressions controlled for demographic
variables (age, gender, ethnicity, education) known to be
related to cognitive functioning (e.g., Lezak, 1995). Because
there were significant differences in ethnicity between the
marijuana users and ecstasy users, a variable reflecting qual-
ity of education (WRAT3 Reading score) was included in
both series of regressions as a covariate (Manly et al., 2002).
Frequencies of drug use other than ecstasy that may affect
cognitive functioning (including alcohol, marijuana, seda-
tives, opioids, stimulants, hallucinogens, and inhalants) were
also included as covariates in all the regressions (e.g., Croft
et al., 2000). (Past year drug use frequencies were included
in the first series and lifetime drug use frequencies were in
the second.) To assess whether gender moderates the rela-
tionship between cognitive functioning and ecstasy use, a
variable representing the interaction between gender and
ecstasy exposure was included in all regression models. For
a detailed visual representation of the regression models,
see Figure 1.

If gender moderated the relationship between ecstasy use
and neuropsychological functioning, then the bivariate rela-
tionships and scatterplots were reexamined separately
according to gender in the subset of participants who used
ecstasy.

RESULTS

Demographic Information

Although the ecstasy and marijuana users’ data were com-
bined to create a continuous variable, for descriptive pur-
poses ANOVAs and chi-squares were run to test whether
the ecstasy users and marijuana users differed significantly
on the basic demographic variables. The ecstasy users and
marijuana users (N5 48 and N5 17, respectively) did not
differ significantly in length of education [F(1.64) 5 1.5,
p , .2], verbal ability [F(1,64) 5 .03, p , .8], or age
[F(1,64)5 .35, p , .6]. The groups did not differ in their
gender composition [x2(4)5 .25, p , .61]. However, they
did significantly differ in their ethnic identification [x2(4)5
11.64, p , .02; see Table 1].

Drug Use Information

The majority of the ecstasy users (89% of the men and 59%
of the women) and the marijuana users (63% of the men
and 56% of the women) scored in the “high probability”
range for drug dependence according to the SASSI–3. The
average length of abstinence from all drugs for the mari-
juana users was approximately 1 month (M 5 31 days,
SD5 89, range5 7–378 days) and 15 days for the ecstasy
users (M5 15 days, SD5 17, range5 7–117 days). For the
vast majority of participants, marijuana was used more
recently than any other of the aforementioned drugs. The
average length of abstinence from ecstasy among the ecstasy
users was just over 5 months (M 5 161 days, SD 5 128,
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Fig. 1. Multiple regression models.

Table 1. Breakdown of ethnic identification, education, reading ability,
and age of ecstasy and marijuana users

Ecstasy users
(N5 48)

Marijuana users
(N5 17) Chi-square*

Ethnic identification* % Men % Women % Men % Women p , .02

Asian American 3.8 0 0 0
African American 7.7 13.6 62.5 22.2
Hispanic 0 0 12.5 0
Caucasian 76.9 86.4 25 66.7
Native American 0 0 0 0
Other 11.5 0 0 11.1

Demographic variable M Range M Range ANOVA*
Education (years) 13 10–16 12.5 9–16 p , .22
Reading Scaled Score 105.4 7–13 105.9 7–13 p , .86
Age (years) 23 18–35 23 18–31 p , .56

Note. *Chi-square and ANOVAs were run to assess group differences in the above demographic vari-
ables, p values are provided. There was a significant difference in the ethnic identification between the
ecstasy and marijuana users [x2(4)5 11.6, p , .02].
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range5 11– 491 days). Table 2 provides a detailed descrip-
tion of the type and frequency of drug use during the past
year, and Table 3 shows lifetime drug use data for the ecstasy
and marijuana users. In general, the ecstasy users demon-
strated higher rates of use compared to the marijuana users,
with the exception of marijuana and alcohol. As stated above,
the frequencies of use for each of the aforementioned drug
categories were included as covariates in the regression
models.

Neuropsychological Functioning

Table 4 provides the means, standard deviations, and ranges
for the scores on the neuropsychological tests for the ecstasy
and marijuana users.

Principal Components Analysis

In order to reduce the number of dependent variables, the
neuropsychological variables were subjected to a principal
components analysis with varimax rotation. The first nine
components met Kaiser’s criterion (eigenvalues . 1). The
varimax rotated components are shown in Table 5. The fac-
tors were as follows: Verbal Memory (15.97% of variance),
Design Fluency (11.69% of variance), Letter Fluency (9.95%
of variance), Executive Functioning (including working
memory, abstract problem solving, processing speed, and
inhibition on the Stroop; 8.63% of variance), Impulse Con-
trol (including Ruff 2 & 7 accuracy and Stroop inhibition0
switching vs. color0naming contrast; 7.93% of variance),
Visual Memory (7.39% of variance), Speeded Visual Search

Table 2. Ecstasy and marijuana users’ past year frequency of drug use (in standard units)†

Ecstasy users Marijuana users

Drugs M (N ) MDN SD Range M (N ) MDN SD Range
ANOVA

p

Ecstasy 15 (47) 8 23 1–116 0 0 0 0 .008
Alcohol 421 (45) 259 446 14–1,836 328 (17) 97 428 2–1,254 .59
Marijuana 504 (44) 124 835 1–3,650 280 (17) 274 224 5–728 .37
Sedatives‡ 14 (33) 2 31 1–150 1 (2) 1 0 2 .14
Opioids* 21 (10) 5 50 1–164 0 0 0 0 .24
Cocaine 12 (24) 1.75 25 .01–110 54 (2) 54 70 4–103 .99
Methamphetamine 8 (12) 1.25 19 .03– 67 0 0 0 0 .39
LSD0PCP 4 (14) 2.5 4 1–18 0 0 0 0 .14
Mushrooms 8 (24) 2 19 1–91 0 0 0 0 .24
Inhalants 24 (12) 11 31 3–104 0 0 0 0 .18

Note. Individual participants appear in multiple rows of the tables. Frequency is calculated according to standard units (see Methods
section). †Mean frequencies were calculated only for participants who reported using the specific drug at least one time in during the
past year; the number of participants who met this criterion is denoted in parenthesis (N ). *Frequency includes heroin and opioids.
‡ Frequency includes GHB, ketamine, barbiturates, ‘downers,’ valium, Xanax, and Ativan. ANOVAs were run to assess group
differences in the above past year drug use frequencies, p values are provided. There was a significant difference in the past year
ecstasy use between groups [F(1,64)5 7.4, p , .008].

Table 3. Ecstasy and marijuana users’ lifetime frequency of drug use (in standard units)†

Ecstasy users Marijuana users

Drugs M (N ) MDN SD Range M (N ) MDN SD Range
ANOVA

p

Ecstasy 267 (48) 94 482 1–2310 0 0 0 0 .03
Alcohol 3441 (48) 1748 4582 2–19,670 2373 (17) 599 4096 35–13,845 .40
Marijuana 3453 (48) 1040 5807 2–31,440 2069 (17) 697 3541 6–14,894 .36
Sedatives‡ 106 (33) 21 244 1–1290 1.5 (2) 1.5 .70 1–2 .15
Opioids* 79 (22) 8 127 1– 464 0 0 0 0 .12
Cocaine 76 (36) 5 178 .01–844 650 (2) 650 913 4–1295 .74
Methamphetamine 13 (21) 1.5 23 .03–79 0 0 0 0 .15
LSD0PCP 112 (36) 30 229 1–1317 0 0 0 0 .06
Mushrooms 19 (40) 8.5 40 1–233 0 0 0 0 .08
Inhalants 87 (29) 20 178 1–710 0 0 0 0 .14

Note. Individual participants appear in multiple rows of the tables. Frequency is calculated according to standard units (see Methods
section). †Mean frequencies were calculated only for participants who reported using the specific drug at least one time in during their
lifetime; the number of participants who met this criterion is denoted in parenthesis (N ). *Frequency includes heroin and opioids.
‡ Frequency includes GHB, ketamine, barbiturates, ‘downers,’ valium, Xanax, and Ativan. ANOVAs were run to assess group
differences in the above lifetime drug use frequencies, p values are provided. There was a significant difference in the lifetime ecstasy
use between groups [F(1,64)5 5.16, p , .03].
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6.99% of variance), Stroop Switching Task (5.92% of vari-
ance), and Trail Making Test A & B (5.63% of variance).
These components account for 80.1% of the total variance.

Bivariate Relationships

See Table 6 for the significant bivariate (Pearson product-
moment correlations) relationships between the neuropsy-
chological components and ecstasy and other drug usage
variables (past year and lifetime).

Multivariate Relationships

Past year ecstasy use

After statistically controlling for past year consumption of
other drugs and potential confounding demographic vari-
ables, increased past year ecstasy use was significantly
related to poorer performance on the verbal memory com-
ponent [t(64)522.74, beta52.63, p , .008]. Increased
past year ecstasy use was also unexpectedly and signifi-

cantly related to better design fluency [t(64)5 2.00, beta5
1.00, p , .05].

Interaction between gender and past year use

A significant interaction between gender and past year
ecstasy use were observed for the design fluency compo-
nent [t(64) 5 22.05, beta 5 2.42, p , .05]. Although
neither of the correlations within gender groups was signif-
icant, there was a tendency for increased past year ecstasy
use to be associated with better design fluency among the
men (r5 .35, p, .08) and with poorer performance among
the women (r52.28, p , .21).

Lifetime ecstasy use

Increased lifetime ecstasy use was significantly related to
poorer performance on the verbal memory component vari-
able [t(64)522.49, beta52.90, p , .02], after control-
ling for other drug use, age, ethnicity, gender, education,
and reading ability. Increased lifetime ecstasy use was again

Table 4. Mean, median, standard deviation, and range of neuropsychological variables

Ecstasy users (N5 48) Marijuana users (N5 17)

Task M MDN SD Range M MDN SD Range

BVRT Recall Total Errors 2.8 2 2.2 0–9 2.2 2 1.8 0– 6
Recall Total Correct 7.8 8 1.5 5–10 8.2 8 1.3 6–10

CVLT–2 Short Delay Free Recall (Z score) 2.38 2.50 .99 22–1.5 2.06 0 .61 21–1
Short Delay Cued Recall (Z score) 2.57 2.50 .95 22.5–1 2.03 0 .80 21–1
Long Delay Free Recall (Z score) 2.57 2.25 1.1 23–1.5 .06 0 .86 21.5–1.5
Long Delay Cued Recall (Z score) 2.63 2.50 1.0 23–1 2.03 0 .82 21.5–1
Total Recall (T-score) 45 44.5 9.4 24– 61 51.1 49 8.7 37–73
Total Recognition (Z score) 2.39 0 .93 22.5–1 2.03 0 .8 21.5–1

*D-KEFS Design Fluency–closed 10.1 9.5 3.4 4–18 9.9 9 2.3 7–14
Design Fluency–Open 9.8 10 3.1 4–15 9.5 9 2.3 5–13
Design Fluency–Switching 10.7 10.5 3.0 3–16 10.8 11 2.7 6–15
Design Fluency–Total Score 10.7 10 3.3 3–17 10.5 10 2.3 7–15
Design Fluency–Total Accuracy 7.9 9 2.9 1–12 9.1 9 1.9 4–12
Letter Fluency–FAS 10.5 10.5 2.7 3–17 11.6 12 2.8 7–16
Letter Fluency–Category 11.8 12 3.2 5–19 12.2 12 3.2 6–18
Letter Fluency–Switching 11.7 12 3.4 3–19 11.6 12 3.3 6–18
Stroop–Inhib.0Switching Contrast 9.6 9 2.5 4–18 9.3 9 2.6 4–14
Stroop–Color 10.2 10 2.0 5–15 10.6 11 2.3 5–13
Stroop–Reading 10.4 11 3.1 1–15 10.5 12 3.2 3–14
Stroop–Inhibition 10.6 11 2.9 1–15 10 11 3.3 1–13
Stroop–Inhibition Switching 10.2 10 2.5 5–15 10.2 11 2.7 5–13
Stroop–Inhibition Switching Errors 10.1 10.5 1.9 2–13 9.3 9 2.3 4–12

**Ruff 2 & 7 Controlled Search Accuracy 44.9 45 10.1 27–80 47.5 48 9.2 24– 60
Total Accuracy 44.9 48 10.3 20–58 45.4 47 7.5 24–54
Controlled Search Speed 44.7 47 12.4 20– 61 48.1 48 7.1 34–57
Total Speed 46.3 46 8.9 29– 67 48.6 50 7.9 35– 62

Trail Making Test B T-Score 52.7 50 10.9 33–74 53.5 57 13.3 29–74
Matrix Reasoning Scaled Score 10.8 11 2.7 5–16 10.5 11 3.1 4–15
Letter Number Sequencing Scaled Score 10.1 10 2.2 6–17 10.5 10 3.0 6–18

Note. *The scaled scores were utilized for all D-KEFS variables. **T-Scores were used for all Ruff 2 & 7 variables.
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unexpectedly related to high scores on the design fluency
component [t(64)5 2.35, beta5 .94, p , .03].

Interaction between gender and
lifetime ecstasy use

Increased lifetime ecstasy consumption was unexpectedly
related to better performance in design fluency with a sig-
nificant interaction between gender and lifetime consump-
tion [t(64) 5 22.58, beta 5 21.00, p , .02]. A trend

indicating that increased use was associated with better
performance among the men, but the opposite was found
among the women (r 5 .37, p , .07; r 5 2.37, p , .09,
respectively).

Other drug use

(For bivariate relationships, see Table 6.) Past year drug
use: Increased past year sedative use was related to superior
verbal memory performance [t(64) 5 2.02, beta 5 .81,

Table 5. Factor loadings from the principal components analysis

Component labels

Verbal
Memory

Design
Fluency

Letter
Fluency

Exec.
Funct.

Impulse
Control

Visual
Memory

Speed
Visual
Search

Stroop
Switch TMT

CVLT–2
Long Delay Cued Recall (Z score) .877 2.026 .129 .220 2.010 .091 .169 2.019 .071
Long Delay Free Recall (Z score) .891 2.122 .071 .108 2.001 .071 .202 .001 .071
Recognition (Z score) .623 .036 .418 .149 .114 .205 .053 2.065 2.268
Short Delay Cued Recall (Z score) .843 .023 .165 .182 .048 .140 2.002 2.030 2.051
Short Delay Free Recall (Z score) .852 .115 .124 .000 .218 2.036 .055 .100 .000
Total Recall (T-score) .742 2.010 .087 .180 .015 .283 .056 .009 .209

*D-KEFS
Design Fluency–Closed .014 .891 2.068 2.012 2.078 2.137 .204 .017 .035
Design Fluency–Open 2.072 .815 .048 2.007 2.110 2.218 .224 2.057 .105
Design Fluency–Switching .030 .691 .226 .277 .132 .211 2.133 .160 2.032
Design Fluency Total Correct 2.007 .972 .089 .095 2.023 2.033 .116 .042 .043

Letter Fluency–FAS .150 .019 .626 2.036 2.005 2.383 2.075 .199 .375
Letter Fluency–Category .163 .040 .790 .046 .166 .090 .190 .105 .064
Letter Fluency–Switching .195 .213 .605 .305 .173 2.055 .067 2.021 2.085
Letter Fluency Total Responses .215 .069 .853 .023 .135 2.197 .125 .178 .236

Stroop–Color .265 .273 .159 .466 2.468 .157 2.140 .254 .244
Stroop–Reading .316 .103 .184 .642 2.407 2.049 2.140 .149 .111
Stroop–Inhibition .079 .331 .088 .677 .007 2.037 .138 .274 .231
*WAIS–III
Letter Number Sequencing .237 2.067 .332 .498 2.058 2.038 .384 2.089 .001
Matrix Reasoning .276 2.015 2.040 .770 .199 .200 .041 2.046 2.078

D-KEFS
Stroop–Inhibition Switching .183 .316 .093 .313 .066 .043 .104 .773 .195
Stroop–Switching Errors 2.085 2.124 .209 .037 2.087 .154 .007 .707 2.104
Inhib.0Switching Contrast 2.143 .157 2.101 2.269 .625 2.064 .234 .572 2.012

**Ruff 2 & 7
Controlled Search Accuracy .218 2.085 .298 .047 .825 .074 2.070 .013 .141
Total Accuracy .248 2.062 .366 .125 .766 .156 2.049 2.054 .084
Controlled Search Speed .212 .253 .115 2.008 .073 .058 .826 .128 .175
Total Speed .166 .226 .150 .106 2.040 .091 .870 .038 .137

BVRT
Recall–Total Correct .252 2.068 2.108 .051 .041 .884 .051 .133 .080
Recall–Total Errors 2.229 .140 .070 2.055 2.084 2.898 2.071 2.064 2.092

Trails A T-score 2.034 .036 .214 .017 .021 .146 .175 2.040 .837
Trails B T-score .207 .232 .024 .349 .304 .047 .276 .066 .605

Note. The italicized values are the loadings which best define each component. *The scaled scores were utilized for all D–KEFS and WAIS–III variables.
**T-Scores were used for all Ruff 2 & 7 variables.
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p , .05]. Increased past year hallucinogen use was related
to poorer verbal memory performance [t(64)522.29, beta5
2.54, p , .03]. Increased past year alcohol use was signif-
icantly related to poorer visual memory [t(64) 5 22.09,
beta 5 2.29, p , .04]. Increased past year marijuana use
was significantly related to superior performance reflected
by the Trail Making Test component [t(64)5 2.59, beta5
.35, p , .02].

Lifetime drug use

Higher lifetime usage of inhalants was significantly related
to poorer design fluency [t(64)5 22.89, beta52.39, p ,
.006]. Higher levels of hallucinogen use was significantly
related to better design fluency [t(64)5 2.08, beta 5 .22,
p , .05]. Lifetime use of sedatives [t(64) 5 2.21, beta 5
.45, p , .04] was associated with superior performance on
the Stroop Switching task.

DISCUSSION

The intent of this study was two-fold: (1) to examine whether
there is a dose-dependent relationship between ecstasy use
and neuropsychological functioning in a community sam-
ple of ecstasy and marijuana users, while controlling for
potentially confounding demographic variables and fre-
quency of other drug use; and (2) to examine whether gen-
der moderated the relationship between ecstasy exposure
and cognitive functioning. The primary finding was that

ecstasy exposure was significantly related to poorer verbal
learning and memory ability and better design fluency. In
addition, gender was found to moderate the relationship
between ecstasy consumption and design fluency. It is nota-
ble that these dose-dependent relationships between ecstasy
use and cognitive functioning were demonstrated among
ecstasy users who have, on average, been abstinent from
ecstasy for over 5 months.

More specifically, increased past year and lifetime ecstasy
use were significantly related in a dose-dependent fashion
to poorer performance on an index of verbal memory abil-
ity, including variables reflecting learning, retention, and
recognition ability. It should be noted that, as a group, the
ecstasy users performed in the average range on several of
the CVLT–2 indices. The ecstasy group mean was approx-
imately 0.5 standard deviation below the mean on the
CVLT–2 Trial 1, Total Recall, Short and Long-Delay Free
Recall, and Recognition Ability. However, there was also a
large range of performance among the ecstasy users (3 SD
below the mean to 1.5 SD above the mean). Further exam-
ination revealed that a significantly larger percentage of the
ecstasy-users than marijuana-users were considered impaired
(21.5 SD or more below the mean according to norms) on
the CVLT–2 Short-Delay Free Recall [21% ecstasy vs. 0%
marijuana; x2(1) 5 4.20, p , .05] and Long-Delay Free
Recall [38% ecstasy vs. 6% marijuana; x2(1) 5 4.92, p ,
.05] variables. There was also a trend indicating a larger
proportion of the ecstasy users than the controls were con-
sidered impaired on the CVLT–2 Total Recall score [19%
ecstasy vs. 0% marijuana; x2(1)5 3.72, p , .1].

Table 6. Simple relationships between neuropsychological components and ecstasy and other drug usage variables
(past year and lifetime)

Verbal
Memory

Design
Fluency

Letter
Fluency

Executive
Functioning

Impulse
Control

Visual
Memory

Speeded
Visual
Search

Stroop
Switching

TMT
A & B

Past year use
Ecstasy 2.39*** .06 2.03 2.08 .13 2.18 .03 .01 .29**
Alcohol 2.09 2.06 2.01 .006 2.17 2.24* .07 .23 .01
Marijuana 2.08 2.05 2.05 2.17 .20 2.08 .30* .12 .29*
Sedatives 2.18 2.005 2.10 .05 .02 2.21 .05 2.08 .14
Opioids 2.11 .02 2.18 .14 2.18 2.11 .02 .09 .11
Stimulants 2.04 2.18 2.10 .08 2.08 2.005 .24 2.14 .18
Hallucinogens 2.28* 2.06 2.09 .008 .18 2.15 .001 2.09 .06
Inhalants 2.09 2.08 .07 .13 2.09 .01 2.20 .04 2.09

Lifetime use
Ecstasy 2.25* 2.12 .09 .08 .03 2.08 .15 .02 .32**
Alcohol .11 .01 .001 .02 .08 2.21 .13 .17 2.02
Marijuana .23 2.05 2.10 2.17 .14 2.27* .16 2.03 .23
Sedatives 2.11 .03 2.05 .03 2.10 2.23 .04 .17 .09
Opioids 2.18 2.01 .07 .23 2.08 2.27* .18 .004 .20
Stimulants .08 2.09 .07 .02 2.10 2.10 .29* 2.04 .20
Hallucinogens .06 .16 .01 .10 2.01 .23 .15 2.08 .17
Inhalants 2.21 2.25* .22 .14 2.20 .001 .06 .02 .06

Note. Correlations are Pearson product-moment correlations. *p , .05. **p , .01. ***p , .001. TMT5 Trail Making Test.
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The results also indicated that increased past year and
lifetime ecstasy use was unexpectedly related to superior
performance on design fluency. Gender significantly mod-
erated this relationship. The trends demonstrated that the
male ecstasy users performed better on this task (created
more designs) with increasing ecstasy use, while the female
ecstasy users performed worse with increased use. One pos-
sible explanation is that the male ecstasy users performed
more quickly on these tasks and thus produced more designs.
It is notable that ecstasy users were actually less accurate as
a group on design fluency compared to marijuana users
[38% ecstasy users were impaired vs. 12% marijuana users;
x2(1)53.92, p, .05]. Therefore, they may perform quickly
but sacrifice accuracy.

The current results did not reveal a significant relation-
ship between visual memory and ecstasy exposure. The exist-
ing literature is inconsistent regarding visual memory deficits
among ecstasy users; some have found deficits (Bolla et al.,
1998; Fox et al., 2001b; Gouzoulis-Mayfrank et al., 1999;
Rodgers, 2000; Verkes et al., 2001), while others have not
(Croft et al., 2000; Krystal & Price, 1992; Wareing et al.,
2000; Zakzanis & Young, 2001). One potential reason for
this discrepancy is moderator variables such as frequency
of alcohol consumption (which this study found to be sig-
nificantly related to visual memory deficits). Alternatively,
the BVRT task may not have been sensitive enough to detect
subclinical deficits. Other studies that have utilized more
complex visual memory tasks, such as visual paired asso-
ciates, did demonstrate deficits among ecstasy users (Bolla
et al., 1998; Rodgers, 2000).

The analyses did not reveal significant relationships
between past year or lifetime ecstasy exposure and execu-
tive function, including working memory, inhibition, abstract
problem solving, or letter fluency. This finding is consistent
with recent studies that found verbal memory impairments
with relatively intact executive functioning abilities among
abstinent ecstasy users compared to polydrug and drug-
naïve controls (Fox et al., 2002; Gouzoulis-Mayfrank et al.,
2003; Morgan et al., 2002; Thomasius et al., 2003).

The primary results that dose-dependent memory defi-
cits are associated with ecstasy use lend further evidence
to the recent hypothesis proposed by Fox et al. (2002) and
Gouzoulis-Mayfrank et al. (2003) that the temporal lobe,
including the hippocampus, is particularly sensitive to the
neurotoxic effects of ecstasy consumption. This is sup-
ported by animal studies that have demonstrated selective
vulnerability of serotonin neurotoxicity in the hippocam-
pus, compared to the neocortex and parietal lobes of
MDMA-exposed rats (Sharkey et al., 1991; Sprague et al.,
2003). Research on non-human primates has also found
the largest decrease in serotonin density in the hippocam-
pus compared to other brain areas 7 years after MDMA
administration (Hatzidimitriou et al., 1999). Furthermore,
imaging research conducted on humans has shown prelim-
inary evidence that ecstasy use is associated with hippo-
campal dysfunction (Daumann et al., 2003; Jacobsen et al.,
2004).

It should also be noted that there was a significant differ-
ence in ethnic identification between the marijuana users
and ecstasy users. If there was a cultural bias in certain of
the tests in our neuropsychological battery (e.g., Norman
et al., 2000), it is possible that the male marijuana users,
which included a disproportionate number of African Amer-
ican participants, may have systematically obtained artifi-
cially lower standard scores due to nonrepresentative
normative data. If this is true in the current sample, then the
magnitude of the verbal memory deficits we identified as
being associated with ecstasy use may be a conservative
estimate, and we may potentially have failed to identify
true deficits in executive function, visual memory, or atten-
tional abilities. However, after controlling for quality of
education and years of education, which has been shown to
moderate the relationship between ethnicity and cognitive
performance, ethnicity was not significantly related to cog-
nitive functioning in this sample (Manly et al., 2002). There-
fore, it is unlikely that group differences in ethnicity had a
strong effect on the results.

As with any study, there are methodological limitations
that need to be considered. One consistent critique of research
focused on the cognitive effects of substances is that cog-
nitive impairment might actually precede and place individ-
uals at risk for drug abuse rather than being the result of
abuse. In this regard, it is important to note that animal
research has demonstrated MDMA induced neurotoxicity
and altered brain functioning in several species, including
primates (e.g., O’Shea et al., 1998). Although poor execu-
tive functioning may be a risk factor for using drugs0
alcohol (e.g., Nigg et al., 2004), it was not related to
cumulative lifetime or past year frequency of ecstasy use in
this sample. Further, the observed relationship between
ecstasy use and memory impairment was demonstrated above
and beyond the effects of other drugs.

Another potential weakness is that this study did not uti-
lize urinalysis or hair analysis when assessing length of
abstinence. Still, there were several aspects of the study
design that maximized the reliability of the self-reported
frequency of use and last day of abstinence measures includ-
ing guaranteed confidentiality, privacy, and the fact that the
last date of use was assessed on two separate occasions.
The current study utilized the Time Line Follow-Back tech-
nique which has shown high retest reliability, high conver-
gent and discriminant validity compared to other established
measures, high agreement with informants, and high agree-
ment with patient’s urine assays (Fals-Stewart et al., 2000).

We utilized a PCA for data reduction purposes, which
may not be reproducible in other samples. However, the
components represented empirically relevant factors and
the verbal memory component met reliability requirements.
It should also be noted that results cannot be generalized to
other samples with different lengths of abstinence or differ-
ent duration of ecstasy use. Although we strived to include
the full range of ecstasy use, samples with substantially
different patterns of ecstasy consumption may also yield
different cognitive results. Therefore, longitudinal research
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is crucial to determine the effects of cumulative ecstasy use
and whether recovery of cognitive functioning occurs with
sustained abstinence.

There were significant differences in the overall drug use
pattern between the ecstasy users and marijuana users.
Ecstasy users tended to consume more and use a wider
array of drugs compared to the marijuana users, such as
opioids, methamphetamine, LSD, PCP, mushrooms, and
inhalants. This study controlled for frequency of drug use
statistically, but this is not the same as matching partici-
pants on all drug use. Therefore, another possible future
direction is to examine the cumulative effects of drugs (e.g.,
alcohol and ecstasy, or marijuana and ecstasy) on cognitive
ability.

In conclusion, this study demonstrated dose-dependent
verbal memory deficits associated with cumulative ecstasy
exposure with relatively spared executive functioning and
attentional abilities. In addition, we found gender moder-
ated the relationship between design fluency and ecstasy
use. Future studies are needed to assess the effects of com-
bining drugs, or to examine whether recovery of cognitive
function occurs with sustained abstinence.
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