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Abstract

Neuropsychological disturbances have been reported in association with use of the recreational drug “ecstasy,” or
3,4-methylenedioxymethamphetamine (MDMA), but findings have been inconsistent. We performed comprehensive
neuropsychological testing examining seven ability domains in 21 MDMA users (MDMA+) and 21 matched control
participants (MDMA-). Among MDMA+ participants, median [interquartile range] lifetime MDMA use was 186 [111,
516] doses, with 120 [35-365] days of abstinence. There were no significant group differences in neuropsychological
performance, with the exception of the motor speed/dexterity domain in which 43% of MDMA+ were impaired
compared with 5% of MDMA- participants (p = .004). Motor impairment differences were not explained by use of
other substances and were unrelated to length of abstinence or lifetime number of MDMA doses. Findings provide
limited evidence for neuropsychological differences between MDMA+ and MDMA - participants with the exception of
motor impairments observed in the MDMA+ group. However, replication of this finding in a larger sample is

warranted. (JINS, 2010, 16, 1047-1055.)
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INTRODUCTION

Abuse of psychoactive substances such as alcohol (Parsons &
Nixon, 1998), methamphetamine (Scott et al., 2007), and co-
caine (Jovanovski, Erb, & Zakzanis, 2005) has been associ-
ated with neuropsychological (NP) deficits. However, the
NP harms associated with “ecstasy,” or 3,4-methylenedioxy-
methamphetamine (MDMA), an illicit recreational drug
with stimulant and hallucinogenic properties (Capela,
Caarmo, Remiao, Bastos, Meisel, & Carvalho, 2009), are
less clear. A recent comprehensive review and meta-analysis
of 110 studies examining the NP consequences of MDMA
showed an inconsistent relationship between MDMA and
NP deficits (Rogers et al., 2009). Studies that have demon-
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strated NP consequences associated with MDMA use have
primarily showed small negative effects for verbal and
working memory; however, these studies did not match
MDMA and control participants on, or statistically adjust
for, potential confounds such as premorbid functioning and
polydrug use, two of the most consistent NP confounds in
the MDMA literature (Rogers et al., 2009). In fact, to our
knowledge no study examining NP performance in MDMA
users has succeeded in matching users and controls on
these potential confounds, with the exception of one study
that statistically adjusted for these confounds and showed
negative effects of MDMA on verbal delayed recall (Schilt
et al., 2008).

In the present study, we sought to examine potential NP
deficits associated with MDMA use by comparing NP perfor-
mance of abstinent MDMA users to that of demographically
matched polysubstance exposed controls with similar levels
of education and reading ability (as a measure of premorbid
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functioning and quality of education; Manly, Jacobs,
Touradji, Small, & Stern, 2002). Additionally, structured drug
history interviews were administered to exclude participants
who had been dependent on any drug, other than cannabis, in
the past 5 years or alcohol in the past year. We proposed that,
if MDMA use is associated with NP dysfunction then it
should be detectable during abstinence from MDMA and
withstand a priori methodological control (rather than post
hoc statistical adjustment) of confounds known to affect NP
performance.

METHODS

Participants

Study participants were 42 men and women recruited from
the San Diego community, including dance clubs and raves.
All gave written informed consent according to the require-
ments of the University of California San Diego Institutional
Review Board before the start of their study assessments.
Enrolled participants were verified to be human immunode-
ficiency virus (HIV) and hepatitis C negative by standard
antibody testing. The MDMA+ group comprised 21 partici-
pants who had reported use of MDMA within the last 18
months, with a minimum of 20 lifetime doses. The MDMA—
group consisted of 21 participants who were frequency
matched on age, sex, ethnicity, education, and reading
ability, and reported no lifetime use of MDMA.

Potential participants were excluded from both groups if
they met criteria for lifetime dependence on any substance
with the exception of cannabis or alcohol. These were
admissible because of the high prevalence of use in the
MDMA+ population. Past dependence on any substances
was allowed only if it had been episodic, as determined by
a clinician or doctoral-level trainee, and occurred more
than 5 years ago (12 months ago for alcohol). Likewise, no
substance abuse other than cannabis or alcohol was
allowed in the past 12 months. Participants were requested
to be abstinent from MDMA for at least 10 days before
testing and show negative urine toxicology for any non-
prescribed substances except cannabis, as well as negative
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Breathalyzer test for alcohol, on the day of assessment.
Irrespective of toxicology results, participants were not
allowed to undergo NP testing if they appeared to be in-
toxicated or experiencing withdrawal symptoms. Addition-
ally, participants were ineligible if English was their second
language or if they had psychiatric, developmental, neuro-
logic, or metabolic conditions of sufficient severity to con-
found the interpretation of NP findings (e.g., stroke, loss
of consciousness > 30 min, schizophrenia, developmental
disability).

Participants were selected from a larger study cohort (49
MDMA+ and 103 MDMA-) to obtain groups that were
comparable with respect to age, sex, and ethnicity as well as
years of education and reading ability, two factors that have
been consistently associated with NP performance. By ac-
complishing similarity in these background characteristics,
differences in neurocognitive functioning that may be ob-
served between the groups should not be attributable to pre-
existing factors such as marginal quality of education or
academic achievement. The resulting 21 MDMA+ and 21
MDMA- participants were statistically comparable with
regard to age, years of education, reading ability (Wide Range
Achievement Test —3 Reading Quotient), sex, and ethnic rep-
resentation (Table 1). All participant data included in this
manuscript were obtained in compliance with regulations of
the UCSD Institutional Review Board.

Substance Use and Psychiatric Information

A structured substance use interview was administered to
obtain a detailed history of quantity, frequency, and duration
of use of MDMA and other recreational substances for the
last 30 days and 12 months, and in 5-year epochs covering
the participant’s lifetime. The variables derived from this in-
terview were age of onset, number of years of use, length of
abstinence, lifetime dose of MDMA consumed, and average
doses per year of use, or MDMA “density.”

The method for determining cumulative MDMA expo-
sure was as follows: Frequency of use was coded on a
6-point scale where 0 = “No use ever,” / = “Less than 1 day
per month,” 2 = “Less than 1 day per week,” 3 = “1-3 days

Table 1. Demographic and MDMA use characteristics by MDMA status

Demographic and MDMA use characteristics MDMA+ (n=21) MDMA- (n=21) p value
Age, median (IQR) 26 (25,31) 25 (23, 35) NS
Education, median (IQR) 15 (13, 16) 14 (12, 16) NS
WRAT Reading, median (IQR) 107 (101, 115) 109 (105, 114) NS
Sex, % female 24% 19% NS
Ethnicity, % Caucasian 95% 85% NS
Age 1st MDMA use, median (IQR) 21 (18, 26) — —
MDMA years of use, median (IQR) 5@,7) — —

MDMA doses, median (IQR)
MDMA density (doses per year), median (IQR)
MDMA days abstinence, median (IQR)

186 (111, 516) — —

29 (18, 104) — —

120 (45, 365) — —

NS = Not Significant (p > .05)
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per week,“ 4 = “4-6 days per week, “ and 5 = “Every day.”
The midpoint of each of these ranges was calculated in
number of days per month, such that category / = .5 days
(assigned arbitrarily); 2 has a range of 1 to 3 days, so
the midpoint is 2; category 3 = 4 to 12 days per month
(midpoint = 8); 4 = 16 to 24 (midpoint = 20), and 5 reflects
daily use (30 days per month).

Participants were asked to estimate quantity of MDMA
use in terms of doses or tablets. For each epoch of use, the
quantity in doses per day was multiplied by the frequency in
days per month, yielding doses per month. This figure was
then multiplied by the number of months in each epoch
(1 for last 30 days, 12 for previous 12 months, and 60 months
for each subsequent 5-year epoch) to obtain the number of
doses for each epoch. Then the number of doses consumed
in each epoch was summed to compute total lifetime doses.
MDMA density was calculated as the average consumption
per year of use by dividing lifetime doses by the total years
of use (Cherner et al., 2010). Table 1 shows the MDMA use
characteristics of the MDMA+ group.

Participants also received the Structured Clinical Inter-
view for DSM-IV (SCID-1V) (Spitzer, Williams, Gibbon,
First, 1992) to determine substance use disorder diagnoses
for study eligibility, as well as to obtain a history of lifetime
and current (30-day) prevalence of major depressive disor-
der, bipolar disorder, and antisocial personality disorder. De-
pressed mood in the past 7 days was assessed using the Beck
Depression Inventory-1 (BDI-I) (Beck, 1972). All psychiat-
ric measures were administered by doctoral-level clinicians
or trainees.

Neuropsychological Battery

The NP assessment and interpretive methods have been
described elsewhere (Cherner et al., 2010). Participants
completed a comprehensive neuropsychological evaluation
assessing 7 ability domains (i.e., learning, recall, attention/
working memory, processing speed, abstraction/executive
functioning, verbal fluency, and motor speed/dexterity). Raw
test scores were converted to T-scores (standard scores with
a mean of 50 and standard deviation of 10) using demo-
graphically corrected norms to adjust for age, education,
gender, and ethnicity, as available for each measure. The de-
mographically corrected T-scores for each test were then
converted into deficit scores using the method developed by
Heaton et al. (1995). The deficit scores assign performances
within the normal range (T-scores > 1 standard deviation be-
low the mean) a value of zero, thus reflecting only degree of
impairment in 0.5 SD increments (i.e., T-scores between 39
and 35 =1; 34-30 = 2,29-25 =3,24-20 =4, and < 20 =5).
The individual test deficit scores were then averaged within
each domain to derive the domain deficit score that reflects
the severity of deficit within each ability area. Previous work
has demonstrated that deficit scores achieve good diagnostic
agreement with classifications based on blind ratings by cli-
nicians, with a cut point for impairment set at >0.50 (Carey
etal., 2004; Heaton et al., 1995). In addition, this method has
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the advantage of data reduction to minimize multiple com-
parisons, and has shown robust relationships with docu-
mented brain injury (Cherner et al., 2002; Masliah et al.,
1997).

Statistical Analyses

All statistical tests and procedures were conducted using
JMP 7.0.2 (SAS Institute Inc, 2007). Group comparisons on
mean values for continuous variables were examined with
t tests and Cohen’s d effect sizes were calculated. Differ-
ences in dichotomous variables were analyzed using contin-
gency tables with y? tests. Correlations using Spearman’s
rho (p) were used to explore the association between NP per-
formance and length of abstinence from MDMA as well as
lifetime number of doses.

RESULTS

Prevalence of Substance Use and Other Psychiatric
Disorders

As mentioned above, the groups were matched demographi-
cally and had comparable levels of education and reading
ability. Table 2 shows that the groups were also comparable in
lifetime prevalence of substance use and psychiatric disorders.

Neuropsychological performance

When examining the proportion of participants in each group
who fell in the impaired range (domain deficit score > 0.5),
the MDMA+ group had comparable rates of impairment to
the MDMA - group globally and in verbal, attention, process-
ing speed, learning, recall, and abstraction abilities (Figure 1).
However, the MDMA+ group was significantly more likely to
evidence motor impairment relative to the MDMA- group
(43% vs. 5%, respectively; = = 8.40, p = .004).

Examination of performance for the MDMA+ and
MDMA- groups for each of the individual NP tests showed
limited statistical differences (Table 3). Both groups were
comparable (p > .05) on tests of learning, attention/working
memory, processing speed, abstraction/executive, and verbal
fluency. Significant differences (not adjusted for multiple
comparisons) were observed for tests within the motor
(Grooved Pegboard non-dominant hand: p = .03; d = .72)
and recall (HVLT-R Delayed Recall: p = .03; d = .71) do-
mains. For Grooved Pegboard non-dominant hand, MDMA+
participants performed significantly worse than their
MDMA- counterparts. Conversely, for the HVLT-R De-
layed Recall condition, MDMA+ participants performed
significantly better than MDMA - participants.

Notably, moderate effect sizes showing negative NP ef-
fects among MDMA users were observed for visual learning
(BVMT-R Learning: d = .51; Figure Memory Test Learning:
d = .51), visual recall (BVMT-R Delayed Recall: d = .56),
abstraction/executive (Trail Making Test B: d = .62; Hal-
stead Category Test Errors: d = .55), verbal fluency (Letter
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Table 2. Lifetime prevalence of substance use and other psychiatric disorders among MDMA+ (n = 21) and
MDMA- (n =21)

Lifetime prevalence rate

SCID-IV diagnosis MDMA+% (n) MDMA-% (n) 2-Tailed p value

Substance use
Alcohol abuse 38% (8) 24% (5) NS
Alcohol dependence (>1 year ago) 0% (0) 5% (1) NS
Cannabis abuse 9% (2) 19% (4) NS
Cannabis dependence 19% (4) 5% (1) NS
Cocaine abuse 5% (1) 0% (0) NS
Cocaine dependence* 5% (1) 0% (0) NS
Amphetamine abuse 5% (1) 0% (0) NS
Amphetamine dependence 0% (0) 0% (0) —
Opioid abuse 0% (0) 0% (0) —
Opioid dependence 0% (0) 0% (0) —
Sedative abuse 5% (1) 0% (0) NS
Sedative dependence 0% (0) 0% (0) —
Hallucinogen abuse 9% (2) 0% (0) NS
Hallucinogen dependence 5% (1) 0% (0) NS
Polysubstance abuse 0% (0) 0% (0) —
Polysubstance dependence 0% (0) 0% (0) —

Other psychiatric
Beck Depression Inventory, median (IQR) 3(0,15) 3(1,7) NS
Major depressive disorder 29% (6) 14% (3) NS
Bipolar disorder 0% (0) 0% (0) —
Antisocial personality disorder 0% (0) 0% (0) —

NS = Not significant (p > .05).
*Note. One participant in the MDMA+ group met criteria for cocaine dependence 2 years before assessment in the current study as a
result of light (two lines per day) use over a 3-month period.

Fluency-FAS: d = .63), and motor (Grooved Pegboard Abstinence and Dose Effects on

Dominant Hand: d = .54) tests. However, it should be noted Neuropsychological Performance
that the mean T-scores for both groups across these NP
tests were in the normal range (T > 40) and impairment
rates were comparable. In addition, no findings withstood
adjustment for multiple comparisons (Bonferroni alpha =

Exploration of length of abstinence and dose effects on NP
performance among the MDMA+ group are shown in Table 4.
Neither number of days abstinent nor lifetime doses of MDMA

0.05/24 = 0.002). was associated with any of the domain deficit scores. However,
100
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Fig. 1. Rates of neuropsychological impairment among MDMA+ and MDMA- groups based on deficit scores from
demographically adjusted test T-scores, using a cut point of 0.5. Atten = Attention/Working memory, SIP = Speed of in-
formation processing, Abstr = Abstraction/Executive functioning. *p < .01.
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Table 3. Demographically adjusted performance on individual neuropsychological tests by MDMA status

MDMA+ n =21 MDMA-n=21

Neuropsychological test T-scores Mean (SD) % (n) Impaired ~ Mean (SD) % (n) Impaired d p* p**
Learning

BVMT-R Learning 47 (5) 10 (2) 51(9) 10 (2) 0.51 0.11 0.99

HVLT-R Learning 51 (6) 0(0) 47 (10) 19 (4) 0.49 0.12 0.11

Story Memory Test - Learning 50 (8) 5(1) 52 (9) 10 (2) 0.27 0.38 0.99

Figure Memory Test - Learning 44 (6) 19 (4) 48 (7) 19 4) 0.51 0.11 0.99
Recall

BVMT-R Delayed Recall 48 (8) 5(1) 53 (9) 10 (2) 0.56 0.07 0.99

HVLT-R Delayed Recall 51 (6) 0(0) 45 (9) 24.(5) 0.71 0.03 0.05

Story Memory Test - Retention 52 (10) 10 (2) 52 (9) 5(1) 0.10 0.98 0.99

Figure Memory Test - Retention 47 (7) 19 4) 48 (6) 10 (2) 0.20 0.53 0.66
Attention/Working memory

PASAT Total Correct 51 (9) 14 (3) 49 (10) 19 (4) 0.19 0.54 0.99

WAIS-III Letter-Number Sequencing 53 (10) 10 (2) 54 (9) 5(1) 0.09 0.77 0.99
Processing speed

Trail Making Test A 51 (10) 14 (3) 53 (10) 5(1) 0.25 0.43 0.61

WAIS-III Symbol Search 53 (7) 0(0) 53 (11) 5(1) 0.09 0.77 0.99

WAIS-III Digit Symbol 52 (8) 5(1) 53 (9) 0(0) 0.14 0.67 0.99

Stroop Color Naming 49 (7) 0(0) 51 (9) 10 (2) 0.19 0.55 0.50
Abstraction/Executive

Trail Making Test B 49 (9) 14 (3) 54.(9) 5(1) 0.62 0.06 0.61

WCST-64 Perseverations 50 (10) 14 (3) 49 (12) 24 (5) 0.06 0.85 0.70

Stroop Incongruent condition 51(9) 10 (2) 52 (9) 5(1) 0.11 0.72 0.99

Stroop Interference Ratio 52 (9) 5(1) 53 (7) 10 (2) 0.07 0.82 0.99

Halstead Category Test Errors 47 (10) 20 (4) 52 (9) 10 (2) 0.55 0.09 0.41
Verbal Fluency

Letter Fluency (FAS) 52 (8) 5(1) 46 (9) 29 (6) 0.63 0.05 0.09

Category Fluency (Animals) 53 (11) 19 (4) 48 (9) 10 (2) 0.44 0.17 0.66

Action Fluency (Verbs) 51 (10) 10 (2) 52(7) 0(0) 0.12 0.71 0.50
Motor

Grooved Pegboard Dominant Hand 47 (12) 24 (5) 53(9) 5(1) 0.54 0.09 0.18

Grooved Pegboard Non-dominant Hand 43 (10) 38 (8) 49 (7) 5(1) 0.72 0.02 0.02

Note. % Impairment was determined using a T-score cut point of T < 40.
d = Cohen’s d for mean performance between groups.
*p values are for 7-tests comparing mean performance.
*%p values are for Fisher’s exact test comparing impairment proportions.

BVMT-R = Brief visual memory test-revised; HVLT-R = Hopkins verbal learning test-revised; PASAT = Paced auditory serial addition test; WAIS =
Wechsler adult intelligence scale ; WCST = Wisconsin card sort test; Bolded values are significant (p <.05).

number of lifetime doses of MDMA showed significant corre-
lations with BVMT-R Delayed Recall (rtho = 0.45; p = .04),
PASAT Total Correct (tho = —-0.48; p = .03), and Trail Making
Test A (tho = -0.52; p = .02) and B (tho = -0.71; p = .0003).
Only the association with Trail Making Test B withstood ad-
justment for multiple comparisons (Bonferroni alpha = 0.002).

DISCUSSION

In this study, we sought to determine whether NP perfor-
mance in MDMA users was worse than that of MDMA-—
naive controls matched a priori on key demographic (i.e., age,
education, sex, ethnicity), substance use (e.g., alcohol), psychi-
atric (e.g., depression), medical (i.e., HIV, HCV status), and
premorbid (i.e., reading ability) characteristics known to affect
NP performance. Our results showed that on the majority of
NP tests and domains, the performances of MDMA users
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were comparable to those of the control group. However,
participants in the MDMA+ group had 15 (95% CI = 1.7-
133.6) times greater odds of impairment in motor function as
measured by the Grooved Pegboard task compared with
MDMA - naive controls.

To our knowledge, only four studies (Croft, Mackay,
Mills, & Gruzelier, 2001; Golding, Groome, Rycroft, &
Denton, 2007; Hanson & Luciana, 2004, 2010) have exam-
ined MDMA associations with motor functioning in hu-
mans. Among these studies, two (Croft et al., 2001; Hanson
& Luciana, 2004) administered the Grooved Pegboard test
only, two used a finger tapping test only (Golding et al.,
2007), and one used both (Hanson & Luciana, 2010). Croft
and colleagues (Croft et al., 2001) compared MDMA users
who also used marijuana with matched control participants
who exclusively used marijuana. They found that those who
used MDMA performed worse than controls on the Grooved
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Table 4. Pairwise correlations (Spearman’s tho) between test T-scores and MDMA use parameters among the
MDMA+ Group (n =21)

Days abstinent # of doses
Neuropsychological domain deficit
and individual test T-scores p p value p p value
Learning domain deficit** 0.06 0.80 -0.02 0.94
BVMT-R Learning 0.02 0.92 -0.02 0.94
HVLT-R Learning -0.16 0.49 0.31 0.17
Story Memory Test - Learning 0.37 0.11 0.19 0.42
Figure Memory Test - Learning 0.06 0.81 -0.18 0.44
Recall domain deficit** -0.32 0.17 -0.32 0.16
BVMT-R Delayed Recall -0.07 0.76 0.45 0.04
HVLT-R Delayed Recall -0.14 0.55 0.13 0.58
Story Memory Test - Retention 0.13 0.60 0.03 0.91
Figure Memory Test - Retention 0.19 0.43 -0.10 0.68
Attention/Working memory domain deficit** -0.28 0.23 0.35 0.14
PASAT Total Correct 0.25 0.28 -0.48 0.03
WAIS-III Letter-Number Sequencing 0.24 0.34 -0.14 0.54
Processing speed domain deficit** -0.24 0.31 0.19 0.41
Trail Making Test A -0.13 0.31 -0.52 0.02
WAIS-IIT Symbol Search 0.21 0.38 -0.29 0.20
WAIS-III Digit Symbol 0.09 0.71 -0.19 0.41
Stroop Color Naming 0.08 0.74 -0.25 0.28
Executive/Abstraction domain deficit** -0.10 0.66 0.18 0.44
Trail Making Test B 0.41 0.07 -0.71 0.00*
WCST-64 Perseverations 0.27 0.26 -0.18 0.43
Stroop Interference Ratio 0.17 0.49 -0.32 0.16
Stroop Incongruent condition 0.20 0.40 -0.36 0.11
Halstead Category Test Errors 0.17 0.50 -0.24 0.31
Verbal Fluency domain deficit** -0.01 0.95 0.33 0.14
Letter Fluency (FAS) 0.03 0.89 -0.21 0.36
Category Fluency (Animals) -0.17 0.47 0.03 0.92
Action Fluency (Verb) -0.05 0.85 -0.21 0.38
Motor domain deficit®* 0.01 0.98 0.33 0.34
Grooved Pegboard Dominant Hand 0.18 0.46 -0.41 0.07
Grooved Pegboard Nondominant Hand 0.01 0.98 —-0.16 0.49

BVMT-R = Brief visual recall test-revised; HVLT-R = Hopkins verbal learning test-revised; PASAT = Paced auditory serial addition test;
WALIS = Wechsler adult intelligence scale ; WCST = Wisconsin card sort test; *p = 0.0003; **High scores indicate poorer performance.

Pegboard test after co-varying for marijuana use. The second
study by Hanson and Luciana (2004) showed no differences
in performance on the Grooved Pegboard between MDMA
users and controls. However, an exploratory comparison of
MDMA users who met DSM-IV criteria for abuse/depen-
dence (American Psychiatric Association, 1994) to those
who did not showed that those meeting criteria dropped sig-
nificantly more pegs. In the third study (Golding et al.,
2007), no differences were found in finger tapping perfor-
mance between MDMA users and controls. The fourth study
(Hanson & Luciana, 2010) administered both the Grooved
Pegboard and finger tapping tests and found no significant
differences between MDMA/poly-drug users and nondrug
controls. In all four of these studies raw scores were used for
statistical analysis rather than demographically adjusted
T scores. Thus, it is difficult to compare performance data in
these studies with our results. Nevertheless, these previous
studies in combination with our observations provide limited
preliminary evidence that MDMA may be associated with
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motor impairment, particularly in relation to performance on
the Grooved Pegboard test.

A relationship between MDMA and motor functioning is
supported by hundreds of studies in rats and non-human pri-
mates that have showed single and multiple doses of MDMA
result in neurotoxicity to the serotonergic and to a lesser ex-
tent dopaminergic systems (Capela et al., 2009). Serotonin
(5-HT) axons arising from the brainstem raphe nuclei inner-
vate motor areas as part of the basal ganglia-thalamocortical
circuit (DeVito, Anderson, & Walsh, 1980; Lavoie & Parent,
1990; McQuade & Sharp, 1997; Wilson & Molliver, 1991)
and have been shown to have a major role in motor system
neurophysiology (Jacobs & Fornal, 1997; Karageorgiou
et al., 2009). Additionally, human neuroimaging studies of
MDMA users have shown decrease metabolic rate (Obrocki,
Schmoldt, Buchert, Andresen, Petersen, & Thomasius,
2002) and structural changes in the 5-HT system (i.e., lower
levels of 5-HT reuptake transporters) (Cowan, 2007;
McCann et al., 2008) in motor regions of the brain. However,
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it is unclear whether our findings suggest serotonergic neuro-
toxicity in that we only observed unilateral (i.e., non-dominant
hand only) significant motor differences between MDMA+
and MDMA- groups, although effect sizes for both non-
dominant (d = .72) and dominant (d = .54) hands are compa-
rable and would suggest bilateral impairment. Larger studies
with greater statistical power will be required to elucidate
the nature of the association between MDMA and motor im-
pairment.

Following our identification of the potential association
between MDMA and NP impairment, specifically motor im-
pairment, we asked the question of whether the association
can be further understood by examination of abstinence and/
or dose effects. Abstinence and dose related effects of
MDMA have been examined in previous studies and meta-
analytically, and a relationship has not been supported (Rogers
et al., 2009). In the current study, length of abstinence and
number of doses of MDMA was not correlated with the
motor speed and dexterity domain deficit score or T-scores
for either hand on the Grooved Pegboard test. While dose
effects are typically negative in retrospective, self-report
studies such as ours, this suggests the possibility that the ob-
served motor impairment in MDMA+ subjects is not attrib-
utable to MDMA. Depression can result in motor slowing
(Purcell, Maruff, Kyrios, & Pantelis, 1997), so we explored
this possible alternative explanation. Among MDMA users,
scores on the Beck Depression Inventory were not correlated
with performance on the Grooved Pegboard test (dominant:
rho = —.10; p = .67; non-dominant: rho = —.01; p = .96) and
those with elevated BDI score (>14; n = 6) were no more
likely to experience motor deficits than those with BDI
scores in the undepressed range (50% vs. 40%). Addition-
ally, only one of the six MDMA+ subjects with a lifetime
diagnosis of major depression was classified as impaired on
the motor domain and no significant T-score differences
(p > .27) on the Grooved Pegboard test were observed when
compared with those who never were diagnosed with de-
pression. Another possible explanation is that the observed
motor impairment is a subacute and potentially reversible
rather than chronic and permanent effect of MDMA, given
the relatively short duration of abstinence (1 to 12 months)
of the subjects recruited for this study. However, the max-
imum abstinence of a full year, and the absence of correla-
tions between duration of abstinence and test performance
within the MDMA group would tend to argue against this
possibility. Future longitudinal investigations examining the
course of MDMA related impairments are required to ad-
dress this current gap in our understanding.

Of interest, we did observed a significant dose (but not
abstinence) effect for tests within the recall, attention/
working memory, and processing speed domains as well as a
strong (Spearman’s rho = —.71; p = .0003) dose effect in the
abstraction/executive domain. Examination of MDMA den-
sity and each NP tests showed no significant associations
with the exception of the Trails B test (Spearman’s rho =
—.44; p = .04) (data not shown). Importantly, the proportion
of MDMA users impaired in these domains was not associ-
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ated with MDMA dose. This suggests that individual NP
tests, particularly the Trails B test, may be sensitive to
MDMA dose effects but when additional tests are adminis-
tered within these test’s respective domains a more robust
effect is not sustained.

Despite our relatively strong methodological approach in
which we matched MDMA+ and MDMA- groups on key
demographic, substance use, psychiatric, medical, and pre-
morbid characteristics, which to date had not been done, sev-
eral limitations to the current study should be acknowledged.
First, it should be noted that the Grooved Pegboard requires
perceptual-motor speed, plus close attention to essential vi-
sual details of variably oriented notches in the pegboard
holes. Thus, the observed effects may not be strictly due to
dysfunction of a primary motor pathway. In fact, it has been
shown that unilateral stroke can affect performance of both
hands on the pegboard, whereas it may cause only unilateral
impairment on more simple motor tasks (e.g., grip strength or
finger tapping speed) (Haaland & Delaney, 1981). Second, it
is becoming more clear that stimulants such as cocaine and
methamphetamine can result in motor impairments (Caligiuri
& Buitenhuys, 2005; Hanlon, Wesley, Roth, Miller, & Por-
rino, 2009; Scott et al., 2007). In the current study, among the
MDMA+ participants who were found to have impaired
motor functioning (n = 9), 66% reported prior use of meth-
amphetamine and 100% reported use of cocaine. Although it
is plausible that recreational use of methamphetamine and
cocaine could be confounding our results, neither metham-
phetamine nor cocaine use (i.e., lifetime average daily grams)
differed between those who were impaired [median (IQR)
grams: meth = 0.05 (0.03, 0.07); cocaine = 0.07 (0.07, 0.10)]
and not impaired [median (IQR) grams: meth = 0.06 (0.04,
0.12); cocaine = 0.06 (0.04, 0.07)] on the Grooved Pegboard
task (p > .05). In addition, among the motor impaired MDMA+
group, no methamphetamine (Spearman’s rho = —-0.25; p =
.63) or cocaine (Spearman’s rho = —.48; p = .19) dose effects
on motor performance were observed. Third, motor func-
tioning was part of a larger battery of NP tests for which
multiple comparisons were conducted between MDMA
users and controls. Likewise, our sample was small and our
power to detect significant findings was therefore attenuated.
Thus, the likelihood of both Type I (false-positive) and II
(false-negative) errors is considerable and our findings should
be interpreted accordingly. Fourth, only a select group of
NP tests for each cognitive domain was used for the current
study and we did not include tests of other cognitive pro-
cesses such as response inhibition and decision-making.
However, recent research suggests that significant deficits
among MDMA users on NP tests other than those in the
current study, as well as reward-related decision-making
tests, are likely a result of general heavy drug use rather
than specific to MDMA (Hanson & Luciana, 2010; Hanson,
Luciana, & Sullwold, 2008). Fifth, our measurement of dose
was imprecise and necessarily relied on participant recall.
Likewise, we were not able to ascertain the purity of each
MDMA dose, which is known to be variable (Rogers et al.,
2009); thus, it unknown how much MDMA or common


https://doi.org/10.1017/S1355617710000846

1054

adulterants (e.g., methamphetamine, ketamine) each partici-
pant was actually exposed to. Sixth, we did not assess for
other psychiatric disorders that might occur among MDMA
users, such as anxiety, and did not formally collect informa-
tion about degree of exposure to other club drugs such as
ketamine and gamma-hydroxybutyric acid (GHB). Finally,
we used a cross-sectional design to examine NP deficits in
MDMA users. Therefore, it is not possible to determine if
motor impairments and other performance deficits observed
were present before onset of MDMA use. In the only longi-
tudinal (3-year) study of MDMA use in humans (Schilt et al.,
2007), motor deficits were not observed, although the median
dose of MDMA was only three to six tablets.

In summary, the current results provide limited evidence
for an overall deleterious NP effect among abstinent MDMA
users when compared with controls matched for co-existing
conditions that have confounded interpretation of previous
results in the literature. Our results do provide limited pre-
liminary evidence for MDMA associated motor impairment
that is not related to dose or length of abstinence. Replica-
tion with larger well-matched samples is needed to increase
confidence in the present findings. Future work assessing
finer grained aspects of motor function are also needed to
determine the nature of these impairments (e.g., hypo- or
hyper-kinetic) and could assist in distinguishing neuroana-
tomical loci underlying these dysfunctions as well ascertain-
ing whether these motor impairments are associated with
functional and/or quality of life declines that could be targets
for future interventions.
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