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Memory impairment in abstinent
MDMA ("Ecstasy") users

Karen I. Bolla, PhD; Una D. McCann, MD; and George A. Ricaurte, MD, PhD

Article abstractmBackground: Methylenedioxymethamphetamine (MDMA, or "Ecstasy") is a popular recreational drug
of abuse that is known to damage brain serotonergic neurons in animals and possibly humans. Few functional conse-

quences of MDMA-induced serotonin (5-HT) neurotoxicity have been identified, either in animals or humans. This study
sought to determine whether individuals with a history of extensive MDMA use showed evidence of memory impairment,
because brain serotonin has been implicated in mnemonic function. Method: The authors compared 24 abstinent MDMA
users and 24 control subjects on several standardized tests of memory, after matching subjects for age, gender, educa-
tional level, and vocabulary score (a surrogate of verbal intelligence). The authors also explored correlations between
changes in memory function and decrements in CSF 5-hydroxyindoleacetic acid (5-HIAA), which serves as a marker of
central 5-HT neural function. Results: Greater use of MDMA (total milligrams per month) was associated with greater

impairment in immediate verbal memory (p < 0.02) and delayed visual memory (p < 0.06). Furthermore, lower vocabulary
scores were associated with stronger dose-related effects, with men having greater dose-related deficits than women.

Lastly, lower concentrations of CSF 5-HIAA were associated with poorer memory performance. Conclusion: Abstinent
MDMA users have impairment in verbal and visual memory. The extent of memory impairment correlates with the degree
of MDMA exposure and the reduction in brain 5-HT, as indexed by CSF 5-HIAA.
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Recreational use of the ring-substituted amphetamine in animals or humans? At present, it is not clear

derivative +_3,4-methylene-dioxymethamphetamine whether the apparent paucity of functional conse-
(MDMA, or "Ecstasy") has increased significantly in quences of MDMA-induced 5-HT neurotoxicity is sec-
recent years? particularly in the setting of large, ondary to true absence of measurable consequences,
organized social gatherings known as raves2 The or whether it is because of the lack of studies ad-
most recent survey in the United States estimated dressing this issue. The lack of sufficiently specific
that 2.3% of college students and 4.3% of young and valid measures of brain 5-HT function may also
adults (19 to 28 years) used MDMA at least once play a role.

during the preceding year. 2 Several experimental Memory function deserves special scrutiny in
studies indicate that MDMA damages brain seroto- MDMA-exposed individuals for several reasons.
nin (5-HT)neurons in animals (including nonhuman First, 5-HT appears to play a role in mnemonic

primates) and possibly humans. 4-' These findings function, x4-_6Second, in animals, MDMA severely
raise concern that the growing number of recre- damages 5-HT axons in the hippocampus and other
ational MDMA users may be at risk for incurring brain regions implicated in learning and memory
brain serotonin neurotoxicity. This concern is accen- (e.g., thalamus). TM Third, case reports of memory {

tuated by the fact that some MDMA users take doses impairment in s_me MDMA users, x9 and several !
that are equivalent to those demonstrated to be. studies? -2_suggest that MDMA users have impaired
neurotoxic in animals? particularly after established verbal memory function. Because previous studies

principles of interspecies dose scaling are consideredJ 2 have involved subjects who may have recently used
Few functional consequences of MDMA-induced MDMA or other centrally acting drugs (see Discus- i

brain 5-HT neurotoxicity have been identified, either sion), it is not entirely clear whether deficits in [
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MDMA users represent neurotoxic effects of MDMA, Table 1 Characteristicsofmethylenedioxymethamphetamine use

pharmacologic effects of drugs, or drug withdrawal. Characteristic Median (range)
The purpose of the current study was to deter-

mine whether memory deficits exist in MDMA us- No. times used 60 (25-300)

ers who were drug free for at least 2 weeks, and if Duration use, y 4.75 (1-17)
they do, whether memory deficits are dose related. Usual dose, mc* 158 (55-500)
Also, this study examined whether memory deft-
cits in MDMA users correlate with decrements in Frequency of use, mo 2 (0-20)

CSF 5-hydroxyindoleacetic acid (5-HIAA), 22,23 Time since last dose, wk 4 (2-36)
which serves as a reliable indicator of MDMA- Dose, mc/mot 441(55-4000)
induced brain 5-HT neurotoxicity in nonhuman

primates. 24This study was part of a larger clinical * Based on number of capsules ingested per day, assuming 100
research project assessing the long-term effects of mg is equal to one capsule.t Usual dose (mg) multiplied by frequency per month.
MDMA in humans.

Methods. Subjects. Thirty individuals with a history of Complex Figure (RCF)? 29The WMS-R is composed of 13
MDMA use and 28 control subjects participated in the subtests that measure different aspects of memory. The
overall protocol examining the neurotoxic potential of RAVLT is a verbal memory test and the RCF is a visual
MDMA in humans and its functional consequences. Forty- memory test. The Wechsler Adult Intelligence Scale-
eight of these subjects (24 control subjects and 24 MDMA Revised (WAIS-R) vocabulary subtest was also adminis-
users) were included in the current study to facilitate tered as an estimate of verbal intelligence? In previous
matching of the two study groups. Individuals were ex- studies of lead, solvents, and aging, the WAIS-R vocabu-
cluded if they were older than 50 years or their raw vocab- lary subtest score was relatively insensitive to the effects
ulary score was less than 24 or greater than 67. Subjects of neurotoxins and aging, 3' and was a better predictor of
were also excluded if English was not their native lan- neurobehavioral performance than level of education?
guage, because the neurobehavioral tests used herein have CSF 5-HIAA concentrations. Concentrations of CSF
not been validated for non-English-speaking individuals. 5-HIAA were determined by high-performance liquid chro-
Subjects that used MDMA were self-referred, having matography coup]ed with electrochemical detection, as de-
learned about ongoing research on the consequences of scribed previously?
MDMA use. All MDMA subjects had used MDMA on at MDMA and other drug use. Detailed information
least 25 separate occasions by self-report. Control subjects about prior MDMA use was obtained from a structured
were recruited by local advertisements and had no self- interview that ascertained the number of milligrams per
reported prior use of MDMA. Because most MDMA users capsule of MDMA generally taken at one time (each cap-
also experimented with other recreational drugs, prior use sule was assumed to equal 100 mc), the number of times
of recreational drugs other than MDMA was also allowed that MDMA was taken per month, and the total number of
for control subjects. Had drug-naive control subjects been months of MDMA use. These variables provided an esti-
used instead, it would have been difficult to attribute mate of the intensity, frequency, and duration of MDMA
group differences to MDMA use rather than to drug use in use. A dose variable--a combination of intensity and fre-
general. Exclusions for both groups included past or cur- quency--was calculated by multiplying the self-reported
rent history of major medical illness (e.g., neurologic, re- milligrams ingested in a single MDMA session (which
nal, endocrine, or hematologic), current major psychiatric could last hours and involve several separate doses of
illness as determined by Structured Clinical Interview for MDMA) by the number of MDMA sessions per month.
DSM-III-R (SCID-III-R), a positive drug screen for illicit or Table 1 summarizes the characteristics of MDMA use. Ta-
prescribed psychoactive drugs, or current alcohol abuse or ble 2 shows drug histories of both subject groups, ascer-
dependence. Subjects agreed to abstain from all recre- tained from a standard drug history questionnaire.
ational drugs for at ]east 2 weeks before testing. Their Statistical analysis. To assess possible effects of
drug-free status was confirmed by urine and blood drug MDMA exposure on specific memory functions, the 15 indi-
screens. Given that the half-life of MDMA in animals is 1 vidual memory tests were reduced to four memory factors
to 2 hours, 25the 2-week period of abstinence was deemed (immediate verbal memory, immediate visual memory, de-
long enough to rule out any withdrawal effects. Partici- layed verbal memory, and delayed visual memory), based
pants were paid for their time and travel expenses. In- on the specific memory function measured by the test. ss
formed consent was obtained from all participants and the The immediate verbal memory factor was made up of
research protocol was approved by the institutional review RAVLT logical memory, digit span total, and verbal paired
board_ associates. The delayed verbal memory factor incorporated

Procedure. Participants were admitted for a 5-day RAVLT-recall, RAVLT-recognition, logical memory-
inpatient stay at the Johns Hopkins Bayview Clinical Re- recall, and verbal paired associates-recall. The immediate
search Center, where they underwent physical examina- visual memory factor was made up of the RCF, visual
tions, blood and urine laboratory testing, EKGs, and reproduction, visual paired associates, and figural mem-
structured diagnostic psychiatric interviews using the ory, whereas the delayed visual memory factor incorpo-
SCID-III-R. rated RCF-recall, visual paired associates-recall, and

Memory testing. Tests of memory included the Wech- visual reproduction-recalh Due to differences in maximal
sler Memory Scale-Revised (WMS-R), 26the Rey Auditory possible scores on each subtest, individual test scores were
Verbal Learning Test (RAVLT), 27and the Rey-Osterrieth converted into z scores using the means and SDs of the
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Table 2 Otherrecreationaldrug exposure Table 3 Demographics

MDMAuser, Control subject, Control MDMA
Drug n = 24* n = 24* Parameter subjects users

Non-MDMAamphetamines 10 (47) 2 (8) n 24 24

Cocaine 20 (83) 4 (17) Age, y, mean -+SD 27 -+7 30 _+8

Benzodiazepines 13(54) 5 (21) Range, y 19-49 20-44

Sedative hypnotics 9 (38) 5 (21) Education, y, mean + SD 17 -- 3 15 __2

LSD, other hallucinogens 19 (79) 6 (24) Range, y 12-23 12-21

Cannabis 22 (92) 14 (58) WAIS-R vocabulary score, mean ± SD 57 -_9 54 +_11 /:

Organic solvents/inhalants 4 (17) 2 (8) Range 24-67 24-64

Opiates 13 (54) 3 (13) Men/women 18/6 14/10

PCP and related drugs 4 (17) 1 (4) MDMA = methylenedioxymethamphetamine; WAIS-R = We-
Alcohol 24 (100) 23 (96) schler Adult Intelligence Scale-Revised.

Nicotine 14 (58) 9 (38)
grams per dose × frequency of use per month) was in-

* Values are numbers and percentage of individuals within each cluded in the regression models (together with vocabulary
group who reported any prior use of a drug in the listed drug score and gender), dose was associated with impaired ira-
class, mediate verbal memory (p < 0.04) and delayed visual

MDMA= methylenedioxymethamphetamine; LSD = lysergic memory (p < 0.02; table 4). The association of dose and
acid diethylamide;PCP = phencyclidine, delayed verbal memory approached significance (p <

0.06). Overall, the R 2 value (the amount of variance in the
outcome variable explained by the model) ranged from 0.29

control group, summed and divided by the number of tests to 0.54. No significant associations were found between
in each memory factor. Separate multiple linear regres- the memory factors and other estimates of exposure, in-
sions for each of the four memory factors were used to cluding duration of MDMA use or the cumulative lifetime
explore the relation between MDMA use and memory per- use of MDMA.
formance. Subject groups were matched for age, gender, Interaction effects. There were two significant interac-
education level, and WAIS-R vocabulary subtest scores, tions involving dose. A dose × vocabulary score interaction
Although groups were matched on demographic variables, was found for delayed visual memory (p < 0.03), and the
previous studies indicate that age, vocabulary score, and interaction approached significance for delayed verbal
gender can influence performance on neurobehavioral memory (p < 0.09; see table 4). Individuals with lower
tests. Therefore, initial exploratory analyses included vocabulary scores had greater decrements in performance
these independent variables in the models. Independent with increasing MDMA dose, whereas individuals with
variables were retained in the model if associated signifi- higher vocabulary scores had fewer decrements with in-
cantly with multiple outcomes (p < 0.05). Interaction creasing MDMA dose. Dose x gender interactions existed

terms (i.e., age x group or dose; vocabulary × group or for delayed verbal memory (p < 0.04) and delayed visual _t
dose; and gender x group or dose) were also examined, memory (p < 0.04), with women showing fewer decre-
Also, because neurotoxic agents such as lead and solvents ments in memory performance with increasing dose rela-
affect the nervous system predominately at higher dos- rive to men. To visualize the dose x vocabulary
es, s_,3_a second set of analyses was performed by substitut- interaction, MDMA doses were divided into terciles, and
ing estimated MDMA dose (milligrams per month) for a the mean for each tercile was used for the dose x vocabu-
group in the models. All statistical analyses were per- lary adjusted plot (figure). Low and high vocabulary
formed with the BMDP statistical software program (ver- groups were formed by dividing the group by the median
sion 7.0; Biomedical Statistical Software, Los Angeles, CA)? vocabulary score (59.5).

Because associations were found between MDMA dose

Results. Demographics. The control and MDMA groups and decrements in memory performance for the four mem-
were similar in age, educational level, and WAIS-R vocab- ory factors, separate multiple linear regressions were per-
ulary subtest score (table 3). formed on each of the individual tests comprising each

Regression analyses. Separate multiple linear regres- factor. Again, vocabulary score, gender, dose x vocabulary
sions examined the associations between MDMA use and score, and dose x gender interaction terms were included
memory performance for each of the four memory factors in the models. As found previously, vocabulary score and
examined. Age was not related to any memory factor and gender were highly associated with the majority of the
was therefore dropped from the regression models. Con- memory tests. After controlling for the confounding effects
versely, vocabulary score and gender, which were highly of vocabulary score and gender, significant associations
predictive of performance for some of the memory factors, were found between dose and performance on immediate
were retained in the regression models, verbal paired associates (p < 0.03), delayed verbal paired

As might be anticipated, when memory function in the associates (p < 0.01), and delayed visual paired associates
two groups was compared without taking the average (p < 0.01). For all these tests, as dose increased, perfor-
monthly MDMA dose into account, differences were not mance decreased. A dose x vocabulary score interaction _,

found. However, when the estimated monthly dose (milli- was found for immediate visual paired associates (p < I
1534 NEUROLOGY 51 December 1998
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Table 4 Regression analysis of memory factors

Dependent variable Independent variable 13coefficient Standard error p Value Total, R2

Verbal memory Constant - 1.72 0.54

Dose -0.12' 0.55t 0.04

Vocabulary 0.03 0.01 0.00

Sex -0.18 0.16 0.26

Dose x vocabulary 0.175 0.105 0.11

Dose x sex -0.20¢ 0.20 0.32

Visual memory Constant - 1.39 0.41

Dose 0.67t 0.57t 0.25

Vocabulary 0.03 0.01 0.01

Sex -0.31 0.16 0.06

Dose X vocabulary 0.97§ 0.115 0.37

Dose x sex -0.21t 0.20t 0.31

Verbal memory delayed Constant - 1.08 0.36

Dose -0.16' 0.82t 0.06

Vocabulary 0.02 0.01 0.12

Sex -0.51 0.23 0.03

Dose × vocabulary 0.275 0.155 0.09

Dose x 8ex -0.621' 0.28t 0.04

Visual memory delayed Constant -0.51 0.29

Dose -0.20* 0.81t 0.02

Vocabulary 0.01 0.01 0.46

Sex -0.27 0.22 0.24

Dose x vocabulary 0.355 0.155 0.03

Dose x sex -0.63t 0.29t 0.04

* x 10-2.
1'xlO -a.
:]:xlO -4.
§ XlO -5.

0.01). Again, the dose-related effect was more pronounced the delayed visual memory factor (B = 0.04, standard --
in the low vocabulary group. Dose x gender interactions 0.02, p < 0.03, R 2 -- 0.23). The lower the concentration of
were found for immediate verbal paired associates (p < 5-HIAA, the lower the performance. For the individual
0.01), immediate visual paired associates (p < 0.03), de- memory tests, associations between 5-HIAA level and

layed visual paired associates (p < 0.02), and delayed performance were found for immediate figural memory
RAVLT recognition (p < 0.02), with women less affected (p < 0.03) and delayed visual reproduction (p < 0.02).
by increasing dose than men. Again, the lower the CSF 5-HIAA level, the lower the

Relation to CSF 5-HIAA. A separate analysis was con- performance.
ducted to determine the relation among CSF 5-HIAA, av-

erage total MDMA dose per month, and memory function. Discussion. The main finding of the current study
Concentrations of CSF 5-HIAA were corrected for age and is that abstinent MDMA users have a deficit in vi-
height before the analysis. As reported previously, _8 the

sual and verbal memory, and that higher averagemean concentration of CSF 5-HIAA was lower in MDMA

users compared with control subjects (mean _+ SD, 10.3 +_ monthly doses of MDMA are associated with greater
decrements in memory function. Furthermore, our3.22 ng/rnL versus 14.3 -+ 7.0 ng/mL; t[45] = 2.47; p <

0.02). Additionally, a negative association was found be- results indicate that lower levels of CSF 5-HIAA--an
tween MDMA dose (milligrams per month) and CSF indirect measure of central 5-HT function--are asso-

5-HIAA concentration (r = -0.519, p < 0.013). As the dose ciated with poorer memory performance, suggesting
increased, 5-HIAA concentration decreased. CSF 5-HIAA that MDMA-induced brain 5-HT neurotoxicity may

levels were not related to vocabulary scores, account for memory impairment in MDMA users.
Lastly, the associations between CSF 5-HIAA concen- Lastly, our results indicate that both baseline intelli-

trations and memory performance were determined. After gence and gender influence the effects of MDMA on
controlling for vocabulary score and gender, the CSF memory function. _,

5-HIAA concentration was associated significantly with These findings are generally consistent with re-
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Ii 0.2- / the notion that cognitive deficits in MDMA user,'

may at least be attributed partially to MDMA
induced 5-HT deficits.

Jl 0 Theobservationthat higherexposuresto MDMA
are associated with memory impairment is consis.

: 0 -0.2 0._ tent with findings in animals, indicating that highez
O _ dosages of MDMA produce greater neurotoxic le-
O3 sions? Notably,onlyindividualswithmoreprofound

N -0.4- -__'"O decrements in CSF 5-HIAA (presumably reflectinga greater extent of 5-HT injury) demonstrated de-
tectable difficulties with memory function. These re-

-0.6 , , , , ,
0 400 800 ] 200 suits are in keeping with a growing body of literature

that indicates that large (>80%) lesions of neural

Dose (mg/month) systems are often necessary for functional deficits to
be evident· 36

Figure.Relation betweenmethylenedioxymetharnphet- Results from our study also indicate that individ-
amine dose and visual memory delayed for the high vocab- uals with lower intellectual abilities (i.e., vocabulary

ulary (Il) and low vocabulary (0) groups (adjusted for scores) show greater decrements in memory perfor-
gender). A z scoreof zero representsthe mean performance mance with higher doses of MDMA. Similar interac-
score of the control group, whereas a z score of -0.5 is a
value that is 0.5 SDs below the meanperformancescoreof tions are observed in individuals exposed to other
the controlgroup. Therefore,the lower the score, thepoorer neurotoxins such as solvents 34and aluminum? This
the performance·The figure reveals a dose × vocabulary effect may be explained by the concept of cognitiV_
score interaction· reserve, which posits that individuals with higher

intellect have a higher threshold for developing neu-

ports of memory problems in previous studies, '_-2_ rocognitive effects after brain insult?Women were less susceptible than men to the
although some important differences are evident. In MDMA dose-related decrease in memory function.
particular, contrary to findings in a previous re- This gender difference may be related to differences
port, 2° in which individuals with low MDMA expo- in innate cognitive abilities, bioavailability, hormone
sure (10 or fewer doses) demonstrated memory profiles, pharmacodynamic responses, or differences
deficits, only subjects with high total monthly in baseline memory function· Studies in adults 19 to
MDMA dosages were found to have memory deficits 50 years old have found that women tend to have
in the current study. Discrepancies between the two better memory abilities, whereas men tend to have
studies may be attributed in part to the fact that
subjects in our study abstained from psychoactive better reasoning abilities? Our results are consis-
(including MDMA) drugs for at least 2 weeks. Thus, tent with these reports because gender differences
acute or partial residual drug effects, or drug with- were also seen in control subjects, with women per-
drawal, may have caused the memory disturbances forming better than men. Differences between menand women in neurocognitive abilities may be re-
noted in previous studies? 2' Alternatively, subjects
in the study by Parrott et al.2° may have used ex- lated to differences in cerebral metabolism, 4° hemi-
tremely high doses of MDMA, causing brain 5-HT spheric specialization, 4_.42or hormonal influences?
neurotoxicity despite the small number of separate Several potential limitations of the current study
drug exposures. Because some individuals attending should be mentioned. First, as with all retrospective
raves report using doses of MDMA that are clearly'i studies, ther_ is a possibility that pre-existing differ-
neurotoxic in nonhuman primates, es the latter posSi- ences between MDMA users and nonusers underlie
bility cannot be excluded, differences in memory function and 5-HIAA. Thus,

As reported previously, _8CSF 5'HIAA concentra- people with low CSF 5-HIAA may be predisposed to
use MDMA and to have memory problems. The dose-tions were lower in MDMA users compared with con-

trol subjects. Reduced concentrations of CSF 5-HIAA related decreases in both CSF 5-HIAA (similar to
in human MDMA users are likely to reflect MDMA- those that have been found in nonhuman primates)
induced brain 5-HT neurotoxicity because similar re- and memory function make this unlikely. Further-
ductions have been documented in primates with more, because several subjects in the control group
documented MDMA-induced 5-HT injury? 4 Further- also used recreational drugs (albeit not MDMA), a
more, the negative correlation between average propensity to use drugs cannot fully explain the bio-
monthly dose of MDMA used and CSF 5-HIAA con- logical and behavioral differences found in MDMA
centrations suggests that MDMA users' self-reports users in our study. Nevertheless, no single line of
of MDMA use are accurate, because dose-related re- evidence can be taken as conclusive proof that
ductions in brain 5-HIAA have been documented in MDMA is neurotoxic in humans. Additional studies
animals. 4'_° Lastly, because reductions in CSF and converging lines of evidence are needed to better

· . _,_' . .

5-HIAA levels were associated with lower perfor- dehneate the neurotoyac potential of MDMA m hu-
mance on specific memory tests, our findings support mans and its functional consequences.
1536 NEUROLOGY51 December 1998
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