


including high impulsivity, depression, anxiety, psychoti-
cism, paranoia, obsessionality, hostility, altered appetite
and sleep disturbances (Morgan 1998; Gamma et al.
2000; McCann et al. 2000; Milani et al. 2000; Parrott et
al. 2000a, 2000b, 2001; Daumann et al. 2001; Dughiero et
al. 2001; Morgan et al. 2002; Thomasius et al. 2003).

It has been suggested that MDMA’s pharmacological
properties may play a crucial role in the development of
these psychological disorders in regular users (Parrott et
al. 2001; Soar et al. 2001). MDMA has a well recognised
neurotoxic potential upon central serotonergic systems in
animal studies (Ricaurte et al. 1992, 2000). There is
growing evidence that these toxic effects can be very long
lasting or even permanent (Fischer et al. 1995; Hatzidim-
itriou et al. 1999) and may also occur in humans (McCann
et al. 1998, 2000; Reneman et al. 2001). Serotonin (5-HT)
is thought to be involved in the modulation of numerous
functions including cognition and mood. In particular, 5-
HT has been identified as a key neurotransmitter in the
aetiology of depression and it plays an important role in
other psychiatric disorders, including schizophrenia, anx-
iety and obsessive-compulsive disorder (Naughton et al.
2000).

However, exploring the origins of psychopathology in
ecstasy users is hampered by the cross-sectional design of
the investigations. Hence, it is unclear whether the
psycho(patho)logical findings reflect a direct or indirect
consequence of ecstasy use or whether it is rather a poor
premorbid adjustment, which leads to drug abuse and
increases the likelihood of developing a manifest psychi-
atric disturbance. In addition, the frequent polydrug use
pattern of ecstasy users makes it very difficult to relate
abnormal findings to the use of one substance alone.
Schuster et al. (1998) reported that approximately 97% of
ecstasy users consume additional illicit drugs, mainly
cannabis and (meth)amphetamine, but also LSD, cocaine
and psilocybin. Furthermore, it has been suggested that
psychopathology in ecstasy users may be associated with
polydrug, rather than ecstasy use (Parrott et al. 2001;
Thomasius et al. 2003). In particular, there is some
evidence that concomitant use of cannabis may play an
important role in regard to self-reported psychological
distress in ecstasy users (Daumann et al. 2001; Morgan et
al. 2002).

Promising strategies to disentangle long-term sequelae
of ecstasy use from pre-existing abnormalities and/or
effects of other drugs include longitudinal studies with
user populations and prospective studies of young people
who are at risk of developing drug use. So far, only one
recent investigation dealing with the relationship between
ecstasy use and mental disorders has chosen such a
prospective-longitudinal approach (Lieb et al. 2002). In
this study, ecstasy users had significantly higher rates for
almost all mental disorders according to the Diagnostic
and Statistical Manual of Mental Disorders IV (DSM-IV).
However, the authors concluded that mental disorders
were more likely to precede rather than to follow the
onset of ecstasy use (Lieb et al. 2002). The current
investigation combines a cross-sectional with a longitu-

dinal approach to clarify the impact of the use of ecstasy
and other illicit drugs on psychopathological symptoms
reported by ecstasy users, who did not have a current or
previous axis I psychiatric diagnosis except for drug
abuse, over a period of 18 months.

Materials and methods

Participants

At baseline (t1), 60 ecstasy users were recruited directly in the
dance scene by students who were involved in the study, via word-
of-mouth and via the internet. This sample was fully independent
from the sample of a previous investigation of our group (Daumann
et al. 2001). Concomitant use of other typical club drugs
(amphetamines, cocaine, cannabis and LSD) was tolerated. How-
ever, subjects were excluded if they reported substantial use of
alcohol (defined as drunkenness occurring at a frequency of at least
twice per month over 6 months or longer within the last 2 years), or
regular use of other legal or illegal psychotropic drugs such as
opiates and benzodiazepines (defined as use once per month or
more frequently over 6 months or longer within the last 2 years).
The control group (t1) consisted of 30 healthy persons who were
matched for age, sex and level of education with the MDMA users
and had no previous or current history of alcohol or drug use other
than moderate use of cannabis. We were able to re-examine 38
users 18 months after the initial examination (t2). Twenty-two
participants did not participate in the follow-up study. Fifteen
subjects moved without giving notice of their new address, four
participants simply lost interest in the study, one subject served a
sentence as a consequence of drug dealing and two subjects
developed a manifest psychiatric disorder and were, therefore,
excluded from the follow-up.

For both baseline and follow-up, all ecstasy users agreed to
abstain from drug use for at least 7 days prior to the study with the
exception of cannabis. Because daily moderate cannabis use was
part of the life style of many subjects and because cannabis screens
may remain positive for several weeks after the last use (thus
making it impossible to verify reported abstinence), we accepted
that most subjects would only abstain from cannabis on the study
day. All subjects underwent a structured interview according to the
DSM-IV (SCID). In addition, we took a medical history and
detailed history of drug use. Drug screens were performed on the
study day with urine samples for stimulant amphetamines,
methylenedioxyamphetamines (ecstasy), cocaine and its metabo-
lite, marijuana, benzodiazepines, barbiturates and opiates. Exclu-
sion criteria for all participants were: (1) a positive drug screen on
the study day except for cannabis; (2) any current or previous axis I
psychiatric diagnosis except for drug abuse in the user group; and
(3) any organic brain disorder or relevant general medical condition
requiring pharmacological treatment. After detailed description of
the study to the subjects, written informed consent was obtained
and subjects were paid for their participation. The study was in
accordance with the Helsinki Declaration of 1975 and was
approved by the local ethics committee at the RWTH Aachen.

Self-rating scales

Subjects completed the following self-questionnaires for the
assessment of psychological dimensions which were already shown
to be affected in ecstasy users in former studies (Daumann et al.
2001; Morgan et al. 2002; Thomasius et al. 2003).
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Sensation Seeking Scale SSS V (Zuckerman et al. 1978)

This scale measures individual differences in sensation seeking
along four dimensions: thrill and adventure seeking, experience
seeking, disinhibition, and boredom susceptibility.

Barratt Impulsivity Scale BIS (Barratt 1985)

This self-questionnaire consists of three subscales: attentional
impulsivity, motor impulsivity and non-planning impulsivity.

Symptom Checklist-90-Revised SCL-90-R (Derogatis 1994)

This broadly used checklist assesses primary symptom dimensions
(somatisation, obsessive-compulsive behaviour, interpersonal sen-
sitivity, depression, anxiety, hostility, phobic anxiety, paranoid
ideation and psychoticism) and global indices of psychological
distress (global severity index, positive symptom distress index and
positive symptom total).

Statistical analyses

The cross-sectional demographic data and group differences
regarding psychometric scores (t1) were analysed by means of
unpaired Student’s t-test. In addition, self-reported psychopathol-
ogy was correlated with the reported patterns of drug use.
Longitudinal effects were computed in terms of change scores
(t2�t1) regarding self-reported psychopathology. In order to obtain
information about the impact of ecstasy and cannabis use on
psychological symptoms different groups of users were defined on
the basis of the reported drug use during the follow-up period.
These groups were then compared by means of unpaired Students’
t-test. In addition, psychometric change scores were correlated with
the interim drug use. All procedures were performed using SPSS

version 11.0 (SPSS Inc., Chicago, Ill., USA). Thresholds of P<0.05
were considered significant.

Results

Sociodemographic data and drug histories

Sociodemographic data are presented in Table 1. The two
groups were identical in terms of sex distribution and they
were similar in terms of age and level of education. The
patterns of drug use at baseline (t1) are presented in
Table 2. All 60 drug users reported regular use of ecstasy.
Forty-four users reported both concomitant regular am-
phetamine and cannabis use, and 17 users reported LSD
consumption. In general, a higher extent of ecstasy use
was most notably correlated with a higher extent of
amphetamine use (estimated lifetime dose: r=0.468,
P<0.001; duration of regular use: r=0.548, P<0.001;
average frequency of use: r=0.335, P=0.026; age at onset
of use: r=0.699, P<0.001) use but also with cannabis use
(duration of regular use: r=0.418, P=0.002). The control
group denied regular drug use except for mild cannabis
use in eight subjects. The patterns of interim drug use
from baseline to 18-month follow-up are presented in
Table 3. Fifty percent of the former ecstasy users reported
complete abstinence from ecstasy over the entire follow-
up period. In addition, 50% of the sample reported
abstinence from cannabis use during the follow-up period.
Eight subjects reported both abstinence from cannabis and

Table 1 Demographic data of
ecstasy users (n=60) and con-
trols (n=30) at baseline (t1)

Ecstasy users Controls

Mean age in years (mean€SD) 24.6€3.97 25.37€2.72
Men:women 42:18 21:9

Level of education

Basic school-leaving exam after form 9 (Hauptschulabschluß) 6 3
Intermediate school-leaving exam after form 10 (Realschule/

mittlere Reife)
20 10

Highest school-leaving exam qualifying for admission to
college/university after form 12 or 13 (Fachabitur/Abitur)

32 17

University degree (Hochschulabschluß) 2 –

Table 2 Patterns of lifetime drug use in ecstasy users (n=60) and controls (n=30) at baseline (t1): mean values and standard deviations.
THC tetrahydrocannabinol (cannabis); x subjects felt that they were unable to give a reliable estimate

Ecstasy
Ecstasy users

Cannabis Amphetamine
Ecstasy users

LSDE
cstasy users

Ecstasy users Controls

Subjects reporting use 60 44 8 44 17
Estimated lifetime dose 271.3€454.4 pills x x 137.3€352.2 g 44.6€142.6 trips
Duration of regular use (months) 28.5€29.5 56.6€47.3 20.4€38.7 24.3€28.4 12.0€34.7
Average frequency of use (days
per month)

3.1€2.8 17.0€12.9 4.3€9.1 5.7€7.8 0.7€1.5

Average daily or one night dose 2.0€1.5 pills 633.0€600.5 mg 182.2€421.9 mg 396.€450.8 mg 0.5€1.0 trips
Age at onset of use 19.8€3.7 15.7€2.6 18.1€2.4 18.9€3.8 18.7€4.4
Time since last dose in days 218.3€374.9 20.3€81.5 16.7€19.6 212.6€375.0 682.2€705.3
THC-screen in urine sample on
study day

– 31 positive/29
negative

4 positive/26
negative

– –
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ecstasy over the follow-up period. Interim consumption of
amphetamine and LSD was reported only by few subjects.

Psychometric self-ratings

Cross-sectional analyses (t1)

Group mean scores on each subscale of the SCL-90-R are
illustrated in Fig. 1. With the exception of depression,
ecstasy users reported significantly more complaints on
every subscale. In addition, ecstasy users scored higher on
the BIS non-planning impulsivity subscale (t=2.532,
P=0.014) and the SSS V experience seeking subscale
(t=2.630, P=0.011). Significant coefficients of correlation
between drug use and psychometric scores at baseline are
presented in Table 4. The age of onset of ecstasy use
correlated with four subscales of the SCL-90-R. The
extent of reported amphetamine use was mainly associ-
ated with depression and anxiety. Prior cannabis use, and
most notably the frequency of use was positively
correlated with sensation seeking and every subscale of
the SCL-90-R with the exception of somatisation. Finally,

when controlling for the frequency of cannabis use in
terms of partial correlation analyses no association
between ecstasy/amphetamine use and psychopathology
remained significant.

Table 3 Patterns of drug use in ecstasy users (n=38) in the 18-month period between t1 and t2: mean values and standard deviations. THC
tetrahydrocannabinol (cannabis); x subjects felt that they were unable to give a reliable estimate

Ecstasy Cannabis Amphetamine LSD

Subjects reporting use 19 19 6 4
Estimated interim dose 21.1€38.46 pills x 17.7€38.3 g 6.68€24.1 trips
Duration of regular use (months) 8.95€2.11 11.4€8.7 5.0€8.3 0.9€3.8
Average frequency of use (days per month) 0.6€1.2 15.0€13.1 1.0€2.1 0.4€1.5
Average daily or one night dose 1.0€1.0 pills 447.2€379.0 mg 207.9€409.7 mg 0.2€0.3 trips
Time since last dose in days 206.1€431.9 20.1€61.5 33.0€29.8 97.5€96.0
THC-screen in urine sample on study day – 17 positive/21 negative – –

Table 4 Significant correlations between drug use and psychometric scores in ecstasy users (n=60) at baseline (t1). x subjects felt unable to
give a reliable estimate; – no significant correlation

Ecstasy Amphetamine Cannabis

Age at onset of use Obsessive-compulsive
behaviour (�0.30)*, inter-
personal sensitivity
(�0.32)*, depression
(�0.30)*, paranoid
ideation (�0.28)*

– Motor impulsivity (�0.35)*

Estimated life-time dose – Depression (0.26)*, anxiety
(0.39)*, phobic anxiety
(0.29)*

x

Duration of regular use – – –

Average frequency of
use

– Anxiety (0.29)* Obsessive-compulsive behaviour (0.41)*,
interpersonal sensitivity (0.32)*, depression
(0.30)*, anxiety (0.36)*, aggression/hostility
(0.46)**, phobic anxiety (0.37)**, paranoid
ideation (0.37)**, psychoticism (0.29)*

Average daily or one night
dose

– Depression (0.27)*, anxiety
(0.33)*, phobic anxiety
(0.29)*, psychoticism (0.35)*

Thrill/adventure seeking (0.32)*, obsessive-
compulsive behaviour (0.26)*, depression
(0.33)*, anxiety (0.29)*

Time since last dose – – –

* P<0.05, **P<0.01 (significance of correlation)

Fig. 1 Self-reported psychopathological symptoms (SCL-90-R
subscales) at baseline (t1): mean values and standard deviation in
ecstasy users (n=60) and controls (n=30). P significance of group
differences (Student’s t-test)
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Longitudinal analyses

Based on the reported interim drug use we first compared
the psychometric change scores (t2�t1) of subjects who
reported complete abstinence from ecstasy use with those
who reported continued ecstasy use over the period of 18
months. In these group analyses, no significant differ-
ences were found (data not shown). Subsequently, we
compared subjects with regular interim cannabis use to
subjects who reported no cannabis use during the follow-
up period. The groups did not differ in terms of
impulsivity (BIS) and Sensation Seeking (SSSV). How-
ever, we found differences for several subscales of the
SCL-90-R. Results of these group analyses are illustrated
in Fig. 2. At follow-up, subjects with interim cannabis use
scored higher on every subscale, whereas cannabis-
abstinent participants scored lower with the exception of
psychoticism. Group differences were significant for the
subscales anxiety, interpersonal sensitivity and obsessive-
compulsive behaviour. Finally, the use of ecstasy between
baseline and follow-up was not associated with any
psychopathological symptom. However, cannabis use,
and particularly the duration of regular cannabis use
during the follow-up period, was significantly correlated
with several subscales of the symptom checklist (non-
panning impulsivity: r=�0.51, P=0.005; obsessive-com-
pulsive behaviour: r=0.34, P=0.041; interpersonal sensi-
tivity: r=0.41, P=0.015; depression: r=0.35, P=0.037;
anxiety: r=0.46, P=0.008; phobic anxiety: r=0.37,
P=0.036; paranoid ideation: r=0.34, P=0.040). In addi-
tion, the extent of cannabis use was negatively associated
with non-planning impulsivity (r=�0.38, P=0.032).

Discussion

The aim of the present investigation was to clarify the
impact of different illicit drugs on psychopathology in
recreational ecstasy users over a period of 18 months. At
baseline, a battery of self-rating scales was administered
to 60 ecstasy users with concomitant use of cannabis,
amphetamines and LSD and 30 controls who were
matched for age, sex and level of education. In agreement
with former studies (Gamma et al. 2000; Daumann et al.
2001; Parrott et al. 2001; Thomasius et al. 2003), ecstasy
users suffered more psychological complaints than con-
trols, although we excluded participants with indication of
a manifest, clinically relevant psychiatric disorder. How-
ever, elevated psychopathology was not associated with
the extent of prior ecstasy use, but rather the extent of
amphetamine consumption and, particularly, with the
frequency of cannabis use.

From the initial sample of 60 users, we were able to
assess 38 subjects after a follow-up period of 18 months.
Notably, subjects who abstained from ecstasy use over
this period of time did not differ from those reporting
continued consumption. This finding contrasts with a
previous study suggesting that abstinence from MDMA
leads to an improved psychiatric status (Morgan et al.
2002). However, in this study conclusion was drawn from
a cross-sectional comparison between current ecstasy
users and ex-ecstasy users and not from a longitudinal
study design. In the study by Morgan and co-workers
(2002), current ecstasy users reported a 14-fold higher
amount of cocaine, a 6-fold higher amount of amphet-
amine, and a 3-fold higher amount of LSD compared to
the group of ex-ecstasy users. These differences in terms
of drug use patterns might account for the subtended
findings.

Subjects who continued using cannabis reported more
anxiety, interpersonal sensitivity and obsessive-compul-
sive behaviour than subjects who abstained from cannabis
use during the follow-up period. Furthermore, continued
cannabis users tended to experience more depression and
phobic anxiety. Moreover, higher levels of obsessive-
compulsive behaviour, interpersonal sensitivity, depres-
sion, anxiety, phobic anxiety and paranoid ideation were
associated with the duration of regular cannabis use.

These data are in line with, and extend, former studies
with ecstasy users (Daumann et al. 2001; Lieb et al. 2002;
Morgan et al. 2002). They strongly suggest that regular
cannabis use is a crucial factor for the development and
maintenance of psychopathological symptoms in ecstasy
users. Only one recent study reported that the extent of
ecstasy use was a better predictor of psychopathology
than cannabis use (Thomasius et al. 2003). However, the
authors also stated that cannabis use played an important
role in regard to psychopathology in their sample
(Thomasius et al. 2003). Based on our longitudinal data,
abstinence from cannabis and not ecstasy seems to be a
reliable predictor for improvement of psychological
distress in ecstasy users, most notably anxiety, depression,
interpersonal sensitivity and obsessive-compulsive be-

Fig. 2 Change scores (t2 �t1) in self-reported psychopathological
symptoms (SCL-90-R subscales): mean values and standard
deviation in cannabis users (present or former ecstasy users
reporting concomitant cannabis use during the period from t1 to
t2; n=19) and non-cannabis users (present or former ecstasy users
reporting abstinence from cannabis use during the period from t1 to
t2; n=19). P significance of group differences (Student’s t-test)
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haviour. Indeed, there is a growing body of evidence from
longitudinal studies that cannabis use is associated with a
variety of psychopathological symptoms (Johnson and
Kaplan 1990; Miller-Johnson et al. 1998; Arseneault et al.
2002). However, even on the basis of longitudinal data, it
is difficult to draw the non-ambiguous conclusion that
cannabis use causes psychopathology in ecstasy users.
For example, individuals with psychological problems
may be predisposed to use drugs as an attempt to self-
medicate their complaints (Khantzian 1997). Further-
more, although these individuals may well recognise
psychopathological symptoms, they might continue drug
consumption either because they attribute psychological
complaints to personal qualities or because of their strong
adherence to a specific drug-using subculture. A recent
longitudinal study suggested that psychopathology might
lead to cannabis use in adolescents (McGee et al. 2000).
However, in young adulthood, the causal direction seems
to reverse, indicating that individuals continuing cannabis
use put themselves at substantial risk for the development
of further psychopathology over the years (McGee et al.
2000; Arseneault et al. 2002). Our data support the
hypothesis that self-reported psychological complaints in
ecstasy users remit with cannabis abstinence. This finding
may implicate a causal link between cannabis use and
psychopathology in this sample. Alternatively, it is also
conceivable that individuals quit cannabis use because of
psychosocial changes in their lives that might also
account for growing psychological integrity and well-
being. Therefore, further studies should include compre-
hensive interviews in order to obtain more details on the
psychosocial background of ecstasy/cannabis users.

In this study, differences in terms of sensation seeking
and impulsivity became evident only in the cross-
sectional group analysis. In agreement with former
studies (Morgan 1998; Daumann et al. 2001; Dughiero
et al. 2001; Parrott et al. 2001), ecstasy users exhibited
significantly elevated non-planning impulsivity and ex-
perience seeking. However, longitudinal analyses failed
to detect any significant changes. Thus, it could be argued
that sensation seeking and impulsivity might rather be
premorbid personality traits that increase the likelihood
for taking drugs than consequences of drug exposure.
Surprisingly, the frequency of cannabis use was nega-
tively associated with non-planning impulsivity. In our
sample, 14 subjects reported regular cannabis use on a
daily basis. Hence, it could be argued that the consump-
tion of cannabis took over a central part in their lives, and
as a consequence strong users may have lost interest in
other activities. Most items of the non-planning impul-
sivity subscale (Barratt 1985) comprehend daily life
activities (e.g. work, hobbies, travelling or spending
money) that might have lost importance for strong
cannabis users. Thus, it seems conceivable that the
negative association between the frequency of cannabis
use and non-planning-impulsivity might reflect a reduc-
tion in general activity levels rather than low impulsivity.

Although the combined cross-sectional/longitudinal
design of this investigation might help to overcome some

methodological shortcomings of open-trial studies there
are still limitations that should be mentioned. Although
correlation analyses revealed high associations between
cannabis use and psychopathology, it is possible that
concomitant use of stimulant amphetamines and LSD,
which were consumed by single subjects between base-
line and follow-up might also play a role. Larger samples
have to be recruited to further clarify the impact of those
drugs on self-reported psychopathology, for example, by
means of correlation or regression analyses. Furthermore,
both the drug history and the psychopathological symp-
toms were assessed by self-reports and, therefore, may
contain inaccuracies. However, subjects were interviewed
about their drug histories without knowledge of our
inclusion and exclusion criteria to gain acceptance into
the study, and they had no motivation to falsify their data
consciously. Furthermore, previous studies with similar
designs suggested that self-reports of illicit drug use are
fairly reliable (Brown et al. 1992; Harrison et al. 1993).
Finally, we cannot rule out the possibility of a selection
bias at t2 because 22 of 60 ecstasy users did not participate
in the follow-up study. To our knowledge, two subjects of
the initial sample developed manifest psychiatric distur-
bances during the follow-up period, and they were
therefore excluded from follow-up. We cannot rule out
the possibility that other participants who dropped out of
the follow-up examination may also have developed
psychiatric disorders. Hence, we may have underestimat-
ed the psychopathological consequences of ecstasy use
because severely impaired individuals might be under-
represented.

In conclusion, the present findings suggest that self-
reported psychopathology in ecstasy users is predomi-
nantly attributable to regular cannabis use. Abstinence
from cannabis and not ecstasy seems to be an appropriate
predictor for remission of psychological complaints in
ecstasy users, most notably, anxiety, depression, interper-
sonal sensitivity and obsessive-compulsive behaviour.
Furthermore, there is striking evidence for a significant
relationship between the duration of regular cannabis
exposure and various psychopathological symptoms.
Accordingly, cross-sectional data on psychiatric distress
in ecstasy users should be interpreted with caution. Thus,
further prospective/longitudinal investigations including
more comprehensive interviews concerning the psycho-
social background might help to corroborate the hypoth-
esis of a causal link between cannabis exposure and self-
reported psychopathology in ecstasy users.
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