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Context: Ecstasy (street name for [+]-3,4-methylenedi-
oxymethamphetamine [MDMAY]) use has been associated
with cognitive deficits, especially in verbal memory. How-
ever, owing to the cross-sectional and retrospective nature
of currently available studies, questions remain regarding
the causal direction and clinical relevance of these findings.

Objective: To examine the relationship between Ec-
stasy use and subsequent cognitive performance.

Design: A prospective cohort study in Ecstasy-naive sub-
jects with a high risk for future first Ecstasy use, as part of
the Netherlands XTC Toxicity study. The initial examina-
tion took place between April 10,2002, and April 28,2004;
follow-up was within 3 years after the initial examination.

Setting and Participants: One hundred eighty-eight
healthy Ecstasy-naive volunteers (mean age, 22 years)
were recruited. Of these, 58 subjects started using Ec-
stasy (mean cumulative dose, 3.2 tablets; median cumu-
lative dose, 1.5 tablets). They were compared with 60 per-
sistent Ecstasy-naive subjects matched on age, sex,
intelligence, and use of substances other than Ecstasy.
Differences in cognition between Ecstasy users and Ec-
stasy-naive subjects were adjusted for differences in can-
nabis and other recreational drug use.

Main Outcome Measures: Change scores between the
initial examination and follow-up on neurocognitive tests
measuring attention, working memory, verbal and vi-
sual memory, and visuospatial ability.

Resulis: At the initial examination, there were no sta-
tistically significant differences in any of the neuropsy-
chological test scores between persistent Ecstasy-naive
subjects and future Ecstasy users. However, at follow-
up, change scores on immediate and delayed verbal re-
call and verbal recognition were significantly lower in the
group of incident Ecstasy users compared with persis-
tent Ecstasy-naive subjects. There were no significant dif-
ferences on other test scores.

Conclusions: Our findings suggest that even a first low
cumulative dose of Ecstasy is associated with decline in
verbal memory. Although the performance of the group
of incident Ecstasy users is still within the normal range
and the immediate clinical relevance of the observed defi-
cits is limited, long-term negative consequences cannot

be excluded.
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CSTASY (STREET NAME FOR
[+]-3,4-METHYLENEDIOXY-
methamphetamine [MDMA])
is an illicit recreational drug
that is popular and widely

serotonin is involved in mood and cogni-
tion,'>'®itis not surprising that many stud-
ies have revealed effects on these functions.
Selective neuropsychological effects of Ec-
stasy use have been summarized in various

Author Affiliations are listed at
the end of this article.

used among young people. As
there is growing evidence that the drug s po-
tentially neurotoxic in humans, thisis of great
public health concern. Animal studies have
shown long-lasting damage to distal axons
of serotonergic neurons after single and mul-
tiple doses of MDMA " In several studies,**®
the hippocampus and parahippocampus dis-
played relatively high rates of serotonergic
denervation after MDMA exposure and rela-
tively low recovery after abstinence. Some
brain imaging studies have shown that simi-
lar effects may occur in humans.®'* Because

reviews.'”? Deficits in verbal memory are
among the most consistent findings.'*'** In
addition, decreased performance in visual
memoryand executive functioning in Ecstasy
users has been demonstrated in some
studies”****but notin others." *>**Most re-
search has been performed in frequent Ec-
stasy users, and no human data are currently
available regarding the sustained effects of
asingle or low dosage of Ecstasy. Itis there-
forestillnot clear whether alow cumulative
dose of Ecstasy could be neurotoxic in hu-
man beings.*”*®
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Even though the scientific literature on the effects of
Ecstasy use on cognition is increasing, some important
issues regarding the causality and clinical relevance of
the potential neurotoxicity of Ecstasy remain unclear, gen-
erally because of methodological limitations. Interpre-
tation of findings is complicated because of inadequate
sampling of participants, the lack of analysis of drug use,
and the use of cross-sectional and retrospective study de-
signs with a lack of baseline data and inadequate con-
trol of potential confounders.*** Particularly, the use of
other substances such as amphetamines, cocaine, can-
nabis, alcohol, and tobacco could be major confounders
in almost all of the existing Ecstasy studies because most
Ecstasy users are polydrug users.” Although most in-
vestigators did match their groups for age, education, and
sex and adjusted for other drug use, none of these meth-
ods could exclude the possibility of preexisting differ-
ences in cognitive functioning.*** Therefore, it has been
advocated by several investigators that prospective stud-
ies should be conducted with measurements before and
after a period of Ecstasy use.* The best results would be
provided by a long-term prospective study in which Ec-
stasy-naive individuals are randomly assigned to Ec-
stasy or placebo conditions with different dosages in a
laboratory setting. However, given the existing data on
brain abnormalities in Ecstasy-treated animals and in hu-
man Ecstasy users, such a study is ethically unaccept-
able if it is solely for the purpose of detecting negative
cognitive effects.

In an attempt to avoid the earlier-mentioned limita-
tions, we carried out a prospective study in which we ob-
served the behavior of a group of Ecstasy-naive subjects
who were considered to be at risk for Ecstasy use in the
near future. We wanted to know whether decreased cog-
nitive performance can be regarded as a consequence of
Ecstasy use. Because we monitored incident Ecstasy us-
ers during a limited period of follow-up, the amount of
Ecstasy use was relatively low. Neurocognitive deficits
were often described after heavy Ecstasy use, but there
is a need for more empirical data on novice users.” We
hypothesized that incident Ecstasy users would show
slightly decreased scores on verbal memory tests and pos-
sibly also on tests for working memory and visuospatial
functions (after controlling for potential confounders)
in comparison with persistent Ecstasy-naive controls.

o EEETEEES

This study is part of the Netherlands XTC Toxicity study, a larger
study investigating causality, course, and clinical relevance of Ec-
stasy neurotoxicity. A detailed description of the Netherlands XTC
Toxicity study can be found in a special design article.*

PARTICIPANTS

The original sample consisted of 188 Ecstasy-naive volunteers
(aged 18-35 years) who considered starting Ecstasy use in the
near future. They were recruited between April 10, 2002, and
April 28, 2004, using a combination of targeted site sampling
at locations such as dance events, youth fairs, universities, col-
leges, and parks; advertisement through a Web site about the
project and an internet campaign; and snowball sampling. Main

criteria for inclusion were intention to probably or certainly
use Ecstasy for the first time in the near future and preferably
having 1 or more friends who had already used Ecstasy.

Exclusion criteria included the following: Ecstasy use in the
past (by the initial examination), a major medical, neurologi-
cal, or neuropsychiatric disorder (in the last year), use of medi-
cations (in the last year) that may influence cognition, preg-
nancy, and use of intravenous drugs. Subjects had to abstain
from using psychoactive substances for at least 2 weeks and
from consuming alcohol for at least 1 week prior to examina-
tions. Drug use during the days before the assessment was
checked through urinalysis (enzyme-multiplied immunoas-
say for amphetamines, MDMA, opiates, benzoylecgonine, ben-
zodiazepines, 11-nor-A9-tetrahydrocannabinol-carboxylic acid,
and ethanol). Subjects were paid for their participation (€100
or €150 per session depending on the number of assess-
ments).

STUDY DESIGN

At the initial examination, all of the 188 subjects underwent
neuropsychological assessment. All of the subjects had to com-
plete questionnaires about their drug use sent to them by mail
every 3 months during a follow-up period of approximately 18
months.

Within 3 years after the initial examination, all of the inci-
dent Ecstasy users and an individually matched (sex, age, ver-
bal IQ) control group of persistent Ecstasy-naive subjects were
invited for a follow-up session during which the neuropsycho-
logical assessment was repeated. The examiner (T.S.) was blind
to whether a subject had used Ecstasy. In the same project, sub-
jects underwent brain imaging that will be analyzed and de-
scribed by other investigators in separate articles.

The study was approved by the medical ethics committee
of the Academic Medical Center, University of Amsterdam, Am-
sterdam, the Netherlands. To rule out any suggestion that we
would stimulate the use of Ecstasy in Ecstasy-naive subjects,
subjects were informed by an informational brochure about the
potential negative consequences of Ecstasy use. Each subject
signed an informed consent form stating that the subject had
read and understood the information and that participation was
voluntary.

DEPENDENT VARIABLES
Attention and Working Memory

The Paced Auditory Serial Addition Test* was administered to
measure working memory and information processing accu-
racy. Subjects must add numbers presented by a recorded male
voice to a preceding number. Numbers are presented at a speed
of 2.4 and 1.6 seconds per number, respectively. The outcome
parameter is the total number of correct calculations (maxi-
mum of 60 points each). In addition, a Dutch adaptation of the
Digit Span scale, a subtest of the Wechsler Adult Intelligence
Scale-Revised,” was used to measure attention and working
memory.”' The adapted Dutch version was used in this study,
as it is more reliable than the standard version because sub-
jects are offered 3 instead of 2 series of digits per length. The
outcome parameter is the number of correctly reproduced se-
ries of digits in forward and backward order (maximum, 21 se-
ries each).

Verbal Memory

A Dutch version of the Rey Auditory Verbal Learning Test
(RAVLT) was administered.’*>® Subjects must memorize a se-
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ries of 15 words in 5 learning trials. Immediate recall is tested
after each trial. The outcome parameter is the sum of correctly
reproduced words over 5 trials. Delayed recall and recogni-
tion are measured after 20 minutes. Outcome parameters are
the total number of correctly reproduced and recognized words
(maximum, 15 and 30 words, respectively).

Visual Memory

To obtain comparable test parameters as in verbal memory as-
sessment, a computerized adaptation of the Memory for De-
signs test was used.’* The original test with 14 geometrical fig-
ures was split into 2 separate tests to obtain parallel versions.
After presentation of 7 figures during 5 seconds each, subjects
must draw the figures from memory. The outcome parameters
are the number of correctly reproduced elements in 5 learning
trials (maximum, 105 elements) and the number of trials needed
to memorize all of the figures (maximum, 5 trials). Delayed re-
production is measured after 15 minutes; the outcome param-
eter is the number of correctly reproduced elements (maxi-
mum, 21 elements).

Visuospatial Functioning

In the Mental Rotation Task,” participants are presented with
20 pairs of block designs drawn from different points of view.
The subjects must judge whether pairs of designs are identical
or different. The outcome parameter is the total number of cor-
rect answers in 6 minutes (maximum, 40 hits). In addition, a
computerized and adapted version of the Judgment of Line Ori-
entation’ was used to test visuospatial working memory. The
Judgment of Line Orientation requires subjects to identify which
2 of 11 lines presented in a semicircular array have the same
orientation in a 2-dimensional space as 2 target lines. The tar-
get lines in our assessments were only shown for 1 second, di-
rectly followed by the 11 lines. The outcome parameter is the
number of correctly judged pairs of lines (maximum, 30 pairs).

INDEPENDENT VARIABLES

Future Ecstasy use (Ecstasy use between the initial examination
and follow-up) was categorized in a binary variable (yes=1,n0=0).
The cumulative dosage of Ecstasy was measured as the number
of tablets and duration of Ecstasy use in the weeks between the
first and last Ecstasy use. This was assessed at a follow-up ses-
sion using validated substance-use questionnaires.”

POTENTIAL CONFOUNDERS

Substance use was measured using validated questionnaires at
the initial examination and at follow-up sessions.” Use of al-
cohol (number of standard drinks per week in the last year),
tobacco (number of cigarettes per week in the last year), can-
nabis (number of joints used in the last year), and amphet-
amines and cocaine (number of times used in the last year) was
measured. At the initial examination, verbal intelligence was
estimated to describe the sample and to use as a covariate in
the statistical analyses. For this purpose, the Dutch version of
the National Adult Reading Test,”® the Dutch Adult Reading
Test, was administered because it is relatively insensitive to cog-
nitive impairment caused by neurological disorders.*

STATISTICAL ANALYSES

Unpaired t tests were used to analyze whether the groups of in-
cident Ecstasy users and persistent Ecstasy-naive controls were

statistically different in terms of age and verbal IQ. Level of edu-
cation and substance use (cannabis, alcohol, tobacco, cocaine, and
amphetamines) at the initial examination and at follow-up were
analyzed with nonparametric Mann-Whitney tests because they
were not normally distributed. Group differences in sex were in-
vestigated using the x? test. Paired t tests, or Wilcoxon signed rank
tests if not normally distributed, were used to assess in both groups
whether the earlier-mentioned variables changed between the ini-
tial examination and follow-up.

Because substance use variables were not normally distrib-
uted, all of the following analyses used log-transformed mea-
sures of substance use.

Differences in cognitive test results between the 2 groups
at the initial examination were analyzed using multivariate analy-
sis of covariance, with future Ecstasy use and sex as fixed fac-
tors and other potential confounders (age, Dutch Adult Read-
ing Test 1Q, and use of substances other than Ecstasy) as
covariates.

To test whether Ecstasy had an effect on test results at
follow-up, change scores between performance at the initial
examination and follow-up examination were calculated for
each subject and used in an analysis of covariance, with the
same fixed factors and covariates as described earlier. In
addition, the baseline performance score was added to the
model as a covariate. Because RAVLT recognition was not
normally distributed and showed very little variation, scores
were transformed into a dichotomous variable in which a
decline was labeled 1 and no decline was labeled 0. Logistic
regression analysis was performed with decline as the depen-
dent variable and use of Ecstasy and other substances, sex,
and IQ as covariates.

To test whether the amount of Ecstasy use was related to
changes in cognition, Pearson correlation analyses were per-
formed in the group of incident Ecstasy users with the total num-
ber of Ecstasy tablets and cognition change scores as vari-
ables. If an association was found, partial correlations were
carried out with change scores of cognitive tests as the depen-
dent variable and controlled for age, 1Q, sex, and use of sub-
stances other than Ecstasy. Because the RAVLT recognition
change score was transformed into a dichotomous variable (de-
cline), logistic regression analysis was performed with decline
as the dependent variable and the total amount of Ecstasy and
other substances, sex, 1Q, and age as covariates.

All of the analyses were performed using SPSS statistical soft-
ware version 12.0.1 (SPSS, Inc, Chicago, IlI). Only P<<.05 was
considered statistically significant.

B xesuits [

CHARACTERISTICS OF THE SAMPLE
AND SUBSTANCE USE

Of the 188 Ecstasy-naive subjects (77 men, 111 women;
mean=SD age, 21.8+3.0 years) at the initial examina-
tion, 158 completed the last follow-up questionnaires
about drug use sent to them by mail. The other 30 vol-
unteers were regarded as dropouts either because they
refused to participate in follow-up or because we could
not reach them anymore. Of the 158 subjects, 64 de-
clared that they had started to use Ecstasy since inclu-
sion in the study, whereas the other 94 subjects de-
clared to be continuously Ecstasy naive. Of the 64 incident
Ecstasy users, 59 were willing to participate in the fol-
low-up session, together with 61 matched (sex, age, Dutch
Adult Reading Test IQ) persistent Ecstasy-naive sub-
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Table 1. Characteristics of Use of Ecstasy and Other Substances
Ecstasy Users (n = 58) Ecstasy-Naive Subjects (n = 60)
Characteristic Initial Examination Follow-up Initial Examination Follow-up
Sex, male/female, No. 25/33 NA 25/35 NA
Age, mean + SD (median; range), y 21.8+3.1(21.1;18-29)* 22.7+32(21.9;19-30)*  21.5+2.1(21.3;18-29)f  23.0+2.1 (22.9; 19-30)t
DART-IQ, mean + SD (median; range) 103.4 £ 9.0 (101.5; 85-126) NA 105.5 + 10.2 (104.5; 85-126) NA
Subjects at education level, No.t
Prevocation 1 1 0 0
Junior general secondary or vocation 9 7 3 1
Senior general secondary education, 45 46 55 55
vocation colleges
Universities 3 4 2 4
Ecstasy, mean + SD (median; range)
Cumulative dose, tablets NA 3.2+5.2(1.5;0.5-30) NA NA
Time since using first tablet, wk NA 18.6 £17.6 (11.1; 2-70) NA NA
Time since using last tablet, wk§ NA 11.8 £12.0 (7.9; 2-59) NA NA
Duration of Ecstasy use, wk NA 6.8 +12.5(0.0; 0-12) NA NA
Other substances used in last year,
mean + SD (median; range)
Alcohol, units/wk 8.6+7.8(6.1;0-31) 8.9+7.8(7.3;1-36) 9.8+9.0(7.9; 0-55)|| 8.2+7.9 (6.6; 0-54)|
Tobacco, cigarettes/wk 33.9+47.8 (1.0; 0-160) 33.6 +61.8 (5.0; 0-350) 26.4 +54.9 (0.0; 0-280) 24.4 + 46.2 (0.0; 0-200)
Cannabis, joints in last year 48.8 +100.4 (15.8; 0-635)1 53.6 + 120.8 (18.5; 0-830)# 17.2+25.1 (15.5;0-133)1 20.5 £ 50.3 (2.3; 0-315)#
Amphetamine, No. of times used 0.1+0.8 (0.0; 0-6) 2.9+20.5 (0.0; 0-156) 0.0 +0.0 (0.0; 0-0) 0.0+ 0.0 (0.0; 0-0)
last year
Cocaine, No. of times used last year 0.8 +2.1 (0.0; 0-6) +2.8(0.0; 0-12)# 0.3 +1.3(0.0; 0-6) 0.3 £1.3 (0.0; 0-6)#

Abbreviations: DART, Dutch Adult Reading Test; NA, not applicable.

*P<.05 (paired ttest) for future Ecstasy users at initial examination vs Ecstasy users at follow-up.

TP<.05 (paired ftest) for controls at initial examination vs follow-up.
fTranslation from the Central Bureau of Statistics, the Netherlands.
§Minimal time since using the last tablet had to be at least 2 weeks.

|IRelated by Wilcoxon signed rank test for controls at initial examination vs follow-up.

1P<.05 (Mann-Whitney test) for future Ecstasy users vs controls at initial examination.

#P<.05 (Mann-Whitney test) for Ecstasy users vs controls at follow-up.

jects. One incident Ecstasy user was excluded because
results of a urine test were positive for cocaine, and 1 Ec-
stasy-naive control was excluded because of dyslexia and
attention-deficit disorder diagnosed in youth. Analyses
included 58 incident Ecstasy users and 60 matched
controls.

Sociodemographic data and patterns of drug use are
shown in Table 1. The 2 groups were similar in terms
of sex (x=0.03; P=.88), age (t,,4=-0.67; P=.50), verbal
1Q (t1,6=1.18; P=.24), and level of education (U=1563;
P=.13). At the initial examination, the 2 groups were not
significantly different in terms of smoking or use of al-
cohol, d-amphetamines, and cocaine. However, canna-
bis use was significantly higher in the group of future Ec-
stasy users than in the group of Ecstasy-naive controls
(mean+SD, 48.8+100.4 joints vs 17.2+25.1 joints, re-
spectively, in the year before the initial examination;
U=1363; P=.04). Time between the initial and fol-
low-up measurements was a mean+SD of 11.1+6.2
months in the Ecstasy group and 19.1+7.5 months in the
control group (t114=6.30; P<<.001).

At follow-up, incident Ecstasy users reported to have
used a mean of 3.2 Ecstasy tablets (range, 0.5-30 tab-
lets; median, 1.5 tablets) in a mean period of 1.6 months
during the average follow-up period of 11.1 months. Last
Ecstasy use took place a mean=SD of 11.8+12.0 weeks
before the follow-up assessment. At follow-up, incident
Ecstasy users reported to have used more cannabis and

cocaine in the last year than persistent Ecstasy-naive sub-
jects (cannabis: mean+SD, 53.6+120.8 joints vs
20.5£50.3 joints, respectively, U=1089, P<<.001; co-
caine: 1.4+2.8 times vs 0.3+ 1.3 times, respectively,
U=1436, P=.000). In comparison with the initial exami-
nation, persistent Ecstasy-naive subjects used less alco-
hol at follow-up (mean+SD, 9.8 9.0 standard drinks/wk
vs 8.2+7.9 standard drinks/wk, respectively; z=-2.89;
P=.004).

NEUROPSYCHOLOGICAL TESTING

Table 2 shows the neuropsychological test scores for
both groups. Multivariate analyses of covariance (Pillai
trace statistics) with Ecstasy use and sex as fixed factors
and age, Dutch Adult Reading Test IQ, and use of sub-
stances other than Ecstasy as covariates did not reveal
any significant differences in neuropsychological test re-
sults at the initial examination (F,,0,=0.73; P=.72; par-
tial >=0.08).

Univariate analysis of covariance with change scores
of test performance as the dependent variable demon-
strated a significant group effect on RAVLT immediate
recall (Fy,03=4.62; P=.03; partial 1*=0.04) and delayed
recall (F ,03=4.67; P=.03; partial n*=0.04) scores. Lo-
gistic regression analyses with decline in RAVLT recog-
nition (decline=1; no decline=0) as the dependent vari-
able and Ecstasy use, sex, 1Q, and other substance use
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Table 2. Cognitive Performance

Ecstasy Users,
Mean (SD) (n = 58)

Ecstasy-Naive Subjects,
Mean (SD) (n = 60) Change Score

; for Ecstasy

Change Score for
Ecstasy-Naive

Initial Initial Users, Mean Subjects, Mean P
Test Examination Follow-up Examination Follow-up  (SD) (n = 58) (SD) (n = 60) B (95% Cl)* Valuet
RAVLT immediate, words 58.7 (6.3) 59.6(6.5) 57.8(5.8) 61.7(5.9) 0.86 (5.5) 3.90 (5.8) 2.23(0.17t04.29) .03
RAVLT delayed recall, words ~ 13.8(1.6) 132(2.0) 135(16) 141(1.2) -052(1.8) 0.65 (1.8) 0.63(0.05t01.22) .03
RAVLT recognition, words 29.95(0.2) 29.66 (0.8) 29.88 (0.4) 29.93(0.3) 22.4% declinef  6.7% declinet 1.77 (1.36 t0 25.37) .02§
MFD immediate, elements 96.1 (7.2) 94.4(7.8) 95 2(7.6) 96.8(6.6) -1.74 (9.4) 1.67 (9.1) 1.04 (-1.35t03.43) .39
MFD, No. of trials 3.1(1.4) 3.3(1.3) 4(1.3) 3.1(1.4) 0.12 (0.9) 0.10 (0.6) -0.32 (-0.86 t0 0.23) .25
MFD delayed, elements 20.7(0.9) 20.8(0.5) 20 8(0.5) 20.9(0.3) 0.21 (1.8) -0.33(1.8) 0.04 (-0.10t0 0.19) .56
Digit span forward, series 15.1(2.5) 155(28) 149(23) 15.1(2.2) 0.40 (2.4) 0.23 (1.8) 0.19(-0.81t0 1.18) .43
Digit span backward, series 116(2.0) 11.8(24) 114(25) 11429  022(26) 0.00(26)  -0.18(-1.38t01.02) .25
PASAT 2.4 s, hits 52.2 (6.0) 55.0(5.0) 51.8(7.6) 54.9(5.0) 2.78 (4.5) 3.07 (5.1) 0.14 (-1.30t0 1.58) .85
Pasat 1.6 s, hits 431 (7.2) 455(8.0) 42.8(7.3) 46.3(84) 2.38 (5.0) 3.45 (6.4) 0.52 (-1.70t0 2.74) .64
JOLO total, pairs 225(39) 24.1(35) 224(36) 23.3(38) 1.62 (3.1) 0.87 (2.7) -0.69 (-1.77 t0 0.39) .21
Mental rotation test, hits 238(7.3) 262(81) 223(6.7) 24.4(64)  2.40(47) 210 (44)  -0.73(-2.38100.92) .38

Abbreviations: B, regression coefficient of general linear model; CI, confidence interval; JOLO, Judgment of Line Orientation; MFD, Memory for Designs test;
PASAT, Paced Auditory Serial Addition Test; RAVLT, Rey Auditory Verbal Learning Test.

*For the models with significant Ecstasy effects, homogeneity of regression was obtained for all of the covariates.®

tPvalues are from univariate analysis of variance with correction for sex, age, 1Q, and use of substances other than Ecstasy.

fPercentage of subjects who showed decline.
8In the logistic regression, the odds ratio was 5.9 and P=.02.

as covariates showed a significant effect of Ecstasy use
on recognition decline (odds ratio=5.87; Wald x3=5.62;
P=.02). No significant sex X Ecstasy interaction effect on
RAVLT scores was found.

A covariance effect of cocaine and d-amphetamine use
on RAVLT delayed recall scores was observed, but this
was not observed with the use of alcohol, tobacco, or can-
nabis. After excluding users of cocaine and amphet-
amines, the analysis was repeated with 43 incident Ec-
stasy users and 57 Ecstasy-naive controls; the effect of
Ecstasy use on RAVLT delayed recall scores remained sta-
tistically significant (F, ¢,=6.62; P=.01; partial n*=0.07).

RELATIONSHIP BETWEEN
NEUROPSYCHOLOGICAL TEST PERFORMANCE
AND AMOUNT OF ECSTASY USE

Because we had specific hypotheses with respect to the
direction of the effects, all of the tests were 1-tailed. The
total cumulative dose of Ecstasy was significantly asso-
ciated with RAVLT delayed recall and recognition change
scores (Pearson r=-0.24, P=.04 and Pearson r=-0.29,
P=.02, respectively) but not with immediate recall scores
(Pearson r=-0.16; P=.12). When controlling for age, 1Q,
sex, and use of substances other than Ecstasy in partial
correlations, there remained a significant association be-
tween the extent of Ecstasy use and RAVLT recognition
scores (Pearson r=-0.30; P=.02) but not for delayed re-
call scores (Pearson r=-0.21; P=.08). No associations
were found with the duration of Ecstasy use and the ab-
stention period.

To further explore the association between the amount
of Ecstasy used and RAVLT recognition scores, logistic
regression analysis was performed. It showed a signifi-
cant independent contribution of the log-transformed
number of Ecstasy tablets on decline in RAVLT recog-

nition (odds ratio=15.18; 95% confidence interval, 1.10-
210.14; Wald x3=4.12; P=.04). With the non-log-
transformed raw number of Ecstasy tablets, a smaller and
only marginally significant dose-response relationship was
observed (odds ratio=1.30; 95% confidence interval, 0.96-
1.75; Wald x3=2.88; P=.09).

BN COMMENT By

This prospective study examined the relationship be-
tween Ecstasy use and subsequent cognitive perfor-
mance. At the initial examination, future Ecstasy users
and a matched group of persistent Ecstasy-naive sub-
jects were similar in terms of sociodemographics, neu-
rocognitive performance, and substance use, with the ex-
ception that future Ecstasy users used significantly more
cannabis prior to the initial assessment. The difference
in cannabis use between future Ecstasy users and Ecstasy-
naive subjects as well as the total amount of cannabis that
was used by the subjects did not significantly change in
the follow-up period. At follow-up, Ecstasy-naive sub-
jects demonstrated a normal retest effect on a verbal
memory task,”> whereas in the group of incident Ec-
stasy users, such an effect failed to appear (even after con-
trolling for the use of cannabis, cocaine, amphetamines,
tobacco, and alcohol). No differences between the 2
groups were observed on other neurocognitive tests. No
differential effect was found for sex, in contrast to some
other studies'* "% that have reported stronger Ecstasy-
induced effects in females than in males. Overall test per-
formance of all of the participants remained within the
normal range of a sex- and age-comparable general popu-
lation.”

There are several conceivable explanations besides an
effect of Ecstasy for the observed differences in verbal
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memory performance between the 2 groups. First, some
investigators®*%” have suggested a possible combined effect
of cannabis and Ecstasy on cognitive functioning. Ec-
stasy users in our study used more cannabis than per-
sistent Ecstasy-naive subjects; therefore, a possible con-
found of cannabis use cannot totally be excluded.
However, no significant effects of cannabis or
Ecstasy X cannabis interaction effects on cognitive func-
tioning were observed in our study. There was a con-
founding effect of cocaine and d-amphetamine use, but
this effect did not fully account for the cognitive differ-
ences between the 2 groups. Also, effects remained sig-
nificant after excluding all of the users of cocaine and
d-amphetamines. Second, some other confounding fac-
tors may be responsible for the observed relationships
between Ecstasy use and verbal memory parameters. In
a previous article® on self-reported levels of depression,
impulsivity, and sensation seeking in the same study popu-
lation, novice Ecstasy use was associated with increased
sensation seeking. Hypothetically, it is possible that higher
sensation seeking leads to impatience, tediousness, and
less effort in highly demanding tests, which could result
in lower test performance. Still, this does not explain why
only verbal memory test scores are affected, whereas scores
on other highly demanding tests, for example, attention
and working memory tests, are not affected. It has also
been suggested that Ecstasy might cause depression,®
which in turn could result in lower performance on, for
example, verbal memory tests. Although we found no in-
dications in the larger Netherlands XTC Toxicity study
sample that incident Ecstasy users become more de-
pressed after their first Ecstasy use,” we cannot fully ex-
clude an effect of depression on test scores because the
current subsample was slightly different from the total
sample. Third, it is conceivable that the information we
gave prior to the study about the potential risks of Ec-
stasy use created a self-fulfilling prophecy. Again, how-
ever, we found no indications for this possibility in the
total sample.®®

The current findings are well in line with numerous
previous studies'*!#21%7 that reported a specific nega-
tive effect of Ecstasy use on verbal memory. In our study,
the association between Ecstasy dose and verbal memory
performance was rather weak. This is not surprising given
the relatively low doses that were used and the short du-
ration of Ecstasy use resulting in very limited variation
in Ecstasy use parameters. Most studies?"*"! have fo-
cused on effects of heavy Ecstasy use in which the dose-
response relationship was more obvious. Only a few other
studies® "> have also demonstrated decreased memory
in novice Ecstasy users. However, in these studies, as-
sessment took place within 7 days after the last drug ex-
posure, whereas in our study, the assessment took place
on average 11.8 weeks after the last Ecstasy use. More-
over, Bhattachary and Powell” found that increasing the
duration of abstinence up to 15 days was associated with
higher recall scores, implying that the deficits in these
studies were short-term pharmacological effects. Other
studies?**"*™ did not detect significant deficits in sub-
jects who used a low to moderate dose of Ecstasy. One
possible reason might be that sample sizes in those stud-
ies were too small to detect effects. It is also conceivable

that these cross-sectional and retrospective studies had
selection bias and residual confounding. These limita-
tions are less likely to occur in a prospective study with
carefully matched subjects and extensive adjustment for
potential confounders. However, residual confounding
can never be fully excluded.

The fact that we did not find any effect of Ecstasy use
on neurocognitive functions other than verbal memory
could be owing to low cumulative doses of Ecstasy that
were used. Moreover, subjects in our study used few other
drugs in comparison with subjects in other studies. It
might be possible that other neurocognitive deficits de-
scribed in some studies****** were caused by exposure
to or an interaction with drugs other than Ecstasy. It is
also conceivable that we missed effects on other neuro-
cognitive functions because the tests we used were not
sensitive enough. It could therefore be valuable to add
additional tests that might capture deficits better.

Because in our study only verbal memory was sig-
nificantly affected after low-dose Ecstasy use, it can be
hypothesized that medial temporal areas, in particular
the hippocampal area, are specifically vulnerable to
Ecstasy use. This theory has also been advocated by
others™ " who only observed decreased functioning
on temporal lobe tests. Imaging studies in animals
have shown changes in the hippocampal and (pre)
frontal lobes after exposure to Ecstasy."**#7¢ A func-
tional magnetic resonance imaging study revealed that
adolescent Ecstasy users fell short in deactivating the
left hippocampus during verbal working memory
load.” The main underlying factor seems to be a
depletion of serotonin in Ecstasy users,'*!>7"78 3 deple-
tion that might be reversible.”® Serotonin is involved in
several cognitive functions'®” but might be especially
relevant to learning and memory.®#! Serotonergic
depletion seems to result in impaired consolidation,
leaving attention unaffected.®

Although this prospective study adds to the knowl-
edge base in this field, we are well aware of its method-
ological limitations. First, although prospective, the study
design was not experimental and therefore still offers no
indisputable evidence of causality. An undefined con-
founding factor not (adequately) measured might still un-
derlie the observed relationships and be responsible for
the findings. In this respect, a limitation could be that
information about the medical and neuropsychiatric his-
tory was based on self-report of the subjects (ie, non-
standardized interviews and questionnaires); therefore,
unnoticed medical history could have biased the re-
sults. It should be noted, however, that this was a non—
treatment-seeking population of young healthy people
with a very small a priori probability of serious medical
and/or neuropsychiatric disorders. Also, owing to the non-
experimental design of the study, potential confound-
ing of lifestyle differences cannot be totally excluded. The
pattern of use and the environment in which the drug
was used were not investigated. Some studies® claim in-
teraction effects between the neurocognitive damage and
ambient heat, dehydration, alcohol use, and other drug
use. However, it would be impossible to control for all
of these factors, particularly because Ecstasy users do not
tend to use only Ecstasy. In addition, we did not suc-
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ceed in following a strict time frame because subjects
started to use Ecstasy at different periods after enter-
ing the study and because Ecstasy-naive subjects could
only be matched after the novice Ecstasy users were
known. As a consequence, follow-up duration in the
Ecstasy-naive group was longer than in the novice
Ecstasy users. However, given the fact that retest
effects become smaller with time, these differences in
follow-up duration between the 2 groups cannot
explain the lower performance in the group using
Ecstasy. Next, there was no control of the purity and
amount of MDMA within the Ecstasy tablets used by
the subjects. However, results from pill testing in the
Netherlands confirm that in 2003 and 2004, 95% of
the tablets sold as Ecstasy did contain MDMA as the
major component.’*# Moreover, the sample was not
representative for the general population of young
adults, which might limit the generalizability of the
results. Subjects with higher education or intelligence
were more likely to participate in our study than sub-
jects with lower levels of education or intelligence.
They participated in a fairly demanding research
project including brain imaging and blood sampling.
This probably induced selection of subjects with high
motivation, which may have influenced the results.
Results cannot be generalized to a group of young
adults with lower levels of education or intelligence.
According to the brain reserve hypothesis,® it is
more difficult to determine decreases in cognitive
functioning in higher-educated persons than in lower-
educated persons. This implies that our finding may
have underestimated the effect of Ecstasy. A final limi-
tation is that this study does not answer the question
of whether the observed short-term effects will remain
after quitting the use of Ecstasy. Monitoring this
cohort is worthwhile.

In conclusion, our data indicate that low doses of Ec-
stasy are associated with decreased verbal memory func-
tion, which is suggestive for Ecstasy-induced neurotox-
icity. Further research on the long-term effects of Ecstasy
as well as on the possibility of additive effects of Ecstasy
use on aging of the brain is needed.
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Correction

Error in Table. In the Original Article by Osborn et al
titled “Relative Risk of Cardiovascular and Cancer Mor-
tality in People With Severe Mental Illness From the
United Kingdom’s General Practice Research Data-
base,” published in the February issue of the Archives
(2007;64:242-249), an error appeared in Table 3. The
final category under “Cause of Death by Age Group, y”
should have been “Respiratory tumor,” and the age groups
of 18-49, 50-75, and =75, along with their correspond-
ing data, should have appeared directly underneath. We
regret the error. This article was corrected online for ty-
pographical errors on April 11, 2007.
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