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a b s t r a c t

Aims: To present the prevalence and correlates of hallucinogen use disorders (HUDs: abuse or dependence)
and subthreshold dependence.
Methods: The study sample included adolescents aged 12–17 years (N = 55,286) who participated in
the National Survey on Drug Use and Health (2004–2006). Data were collected with a combination of
computer-assisted personal interviewing and audio computer-assisted self-interviewing.
Results: The overall prevalence of HUDs among adolescents was low (<1%). However, more than one in
three (38.5%) MDMA users and nearly one in four (24.1%) users of other hallucinogens reported HUD symp-
toms. MDMA users were more likely than users of other hallucinogens to meet criteria for hallucinogen
dependence: 11% (95% confidence interval [CI]: 8.24–14.81) vs. 3.5% (95% CI: 2.22–5.43). Compared with
hallucinogen use only, subthreshold dependence was associated with being female (adjusted odds ratio
[AOR] = 1.8 [95% CI: 1.08–2.89]), ages 12–13 years (AOR = 3.4 [1.64–7.09]), use of hallucinogens ≥52 days
(AOR = 2.4 [1.66–6.92]), and alcohol use disorder (AOR = 1.8 [1.21–2.77]). Compared with subthreshold

dependence, abuse was associated with mental health service use (AOR = 1.7 [1.00–3.00]) and opioid use
disorder (AOR = 4.9 [1.99–12.12]); dependence was associated with MDMA use (AOR = 2.2 [1.05–4.77]),
mental health service use (AOR = 2.9 [1.34–6.06]), and opioid use disorder (AOR = 2.6 [1.01–6.90]). MDMA
users had a higher prevalence of most other substance use disorders than users of non-hallucinogen
drugs.
Conclusions: Adolescent MDMA users appear to be particularly at risk for exhibiting hallucinogen depen-

e use
dence and other substanc

. Introduction

Little is known about hallucinogen use disorders (HUDs)
n general and among adolescents in particular (Wu et al.,
008a). The category of hallucinogens consists of several drugs,

ncluding lysergic acid diethylamide (LSD), phencyclidine (PCP),
eyote, mescaline, psilocybin mushrooms, and MDMA (3,4-
ethylenedioxymethamphetamine or ecstasy) (National Institute

n Alcohol Abuse and Alcoholism [NIAAA], 2007; Substance Abuse

nd Mental Health Services Administration [SAMHSA], 2007a). Of
ll hallucinogens, MDMA is perhaps the most controversial and
ealth-compromising due to its robust association with polysub-
tance use and potential neurotoxic effects on the human brain (e.g.,
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ox 3419, Durham, NC 27710, USA. Tel.: +1 919 668 6067; fax: +1 919 668 5418.
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disorders.
© 2009 Elsevier Ireland Ltd. All rights reserved.

Gouzoulis-Mayfrank and Daumann, 2006; Parrott, 2007; Reneman
et al., 2006).

Although MDMA is classified as a hallucinogen by the Diagnos-
tic and Statistical Manual of Mental Disorders (DSM)-IV (American
Psychiatric Association [APA], 2000) and U.S. national surveys
(NIAAA, 2007; SAMHSA, 2007a), MDMA is distinct from other
hallucinogens in regards to its pharmacological effects both as a
stimulant and a psychedelic. The use of MDMA induces the rapid
and powerful release of serotonin and, to a lesser extent, dopamine
from presynaptic terminals (Gouzoulis-Mayfrank and Daumann,
2006). MDMA has been found to cause long-lasting damage
to serotonin-containing neurons in animals (Gouzoulis-Mayfrank
and Daumann, 2006). Neuroimaging findings from human sub-
jects indicate that repeated MDMA use may increase the risk of

developing subcortical, and possibly cortical, reductions in sero-
tonin transporter densities, a marker of serotonin neurotoxicity
(Reneman et al., 2006). MDMA use is also significantly associ-
ated with impulsiveness, memory deficits, and mood disturbances
(Montoya et al., 2002; Parrott, 2001). The many reports on resid-

http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:litzy.wu@duke.edu
mailto:litzywu@yahoo.com
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al neuropsychiatric effects of MDMA in humans are alarming,
ven though the extent and nature of MDMA-induced serotonin
eurotoxicity remains uncertain (Gudelsky and Yamamoto, 2008;
ouzoulis-Mayfrank and Daumann, 2006).

MDMA use also increases healthcare use and can be fatal. Dur-
ng the late 1990s and early 2000s, MDMA-related mortality and

orbidity rose substantially (Cregg and Tracey, 1993; Patel et al.,
004; Schifano et al., 2003; SAMHSA, 2002). Similarly, results from
onitoring the Future (MTF) surveys of adolescent students have

ndicated that, since 2000–2001, lifetime MDMA use (e.g., 4.3–5.2%
mong 8th graders) has exceeded lifetime LSD use (e.g., 3.4–3.9%
mong 8th graders) (Johnston et al., 2008). LSD use among 8th, 10th,
nd 12th graders has declined since 1996, with a particularly sharp
ecline between 2001 and 2003, which was accompanied by a rise

n MDMA use. Beginning in 2001, the prevalence of lifetime MDMA
se has remained higher than the prevalence of lifetime LSD use
mong adolescent students (Johnston et al., 2008). National sur-
eys of both students and the general population also showed a
ecline in MDMA use in 2003; however, use of this drug appeared
o resurge between 2006 and 2007 and remained stable in 2008
Johnston et al., 2007a, 2008; SAMHSA, 2007a). The National Survey
n Drug Use and Health (NSDUH) reports that, in 2006, 77% of the
.1 million new past-year users of hallucinogens had used MDMA
SAMHSA, 2007a). The NSDUH reveals further that the number of
ew past-year MDMA users increased substantially from approxi-
ately 642,000 in 2003 to 860,000 in 2006 (SAMHSA, 2007a) and

hat females were significantly more likely than males to be new
DMA users (SAMHSA, 2007b). The 2006 and 2007 MTF surveys of

dolescent students reported that MDMA was the only illicit drug
hat demonstrated evidence of an increase in use and a concomitant
ecline in perceptions of associated risks (Johnston et al., 2007a,
007b).

Further, epidemiological studies indicate that young hallucino-
en users in general, and MDMA users in particular, are at risk for
sing cigarettes, alcohol, and other drugs (Pedersen and Skrondal,
999; Rickert et al., 2003; Wu et al., 2006; Yacoubian, 2003). Reports
ave suggested that marijuana and opioids are used by MDMA users
o relieve the discomfort associated with post-MDMA episodes and
hat cocaine is used to intensify the MDMA experience (Parrott,
001, 2006). The use of polysubstances among adolescents is of par-
icular concern because MDMA and other substances are likely to
ave profound and long-term adverse effects on adolescents’ devel-
ping brains and health (Montoya et al., 2002; National Institute on
rug Abuse [NIDA], 2008a).

Despite the increasing rate of MDMA use and its association
ith morbidity and mortality, there are few available epidemio-

ogical data on HUDs (dependence on and abuse of hallucinogens)
nd subthreshold dependence (“diagnostic orphans,” see below)
mong adolescents. According to the DSM-IV, drug dependence is
haracterized as a pattern of neuroadaptation, maladaptive cogni-
ions, and impaired control related to drug use, and the diagnosis
equires the presence of at least three criteria of dependence (APA,
000). Abuse, on the other hand, is defined only in reference to
he harmful consequences of repeated drug use, and the diagnosis
equires only one positive criterion (APA, 2000). Hence, drug users
haracterized by subthreshold dependence, who exhibit only one
r two dependence criteria and no abuse criteria and whose drug
se behaviors may place them at risk for adverse consequences,
ay be overlooked by researchers and clinicians. This group has

een termed diagnostic orphans (Hasin and Paykin, 1998, 1999).
The limited pertinent studies on alcohol (Eng et al., 2003; Sarr
t al., 2000), marijuana (Degenhardt et al., 2002), and opioids (Wu
t al., 2008b) suggest that diagnostic orphans or individuals with
ubthreshold dependence often manifest patterns of substance use
ehaviors that resemble those meeting criteria for abuse. The only
tudy of the prevalence and correlates of HUDs and subthreshold
endence 104 (2009) 156–166 157

dependence in a large representative sample of adults aged 18 years
or older demonstrates that subthreshold hallucinogen dependence
is about three times as prevalent as dependence and twice as com-
mon as abuse (Wu et al., 2008a). As is the case with dependence,
subthreshold hallucinogen dependence is associated with major
depressive episodes (Wu et al., 2008a). Understanding the extent
and correlates of subthreshold dependence and HUDs among ado-
lescents is particularly important because drug use is likely to have
a profound adverse impact on this young population (NIDA, 2008a),
and subthreshold dependence may serve as an early sign of more
problematic drug use patterns that require tailored interventions.

There is also reason for concern that even though the substance
use behaviors of subthreshold-dependent users may place them
at risk for substance use-related problems and harm, they are not
captured by the DSM-IV and hence may be missed by clinicians
or researchers (Degenhardt et al., 2002; Sarr et al., 2000). Because
a diagnosis is often used as a criterion for estimating treatment
needs, selecting participants for clinical research, and determin-
ing appropriate treatment modalities (Carroll, 1997; Wang et al.,
2005), it is important to assess not only HUDs but also subthresh-
old dependence. It is also important to understand the degree to
which subthreshold-dependent users’ substance use-related prob-
lems and mental health problems resemble those of diagnostic
groups that meet clinical thresholds (e.g., Hasin and Paykin, 1998,
1999; Wu et al., 2008a, 2008b). The available limited data suggest
that MDMA users may be at greater risk for experiencing symptoms
of hallucinogen dependence than are users of other hallucinogens
(Cottler et al., 2001; Stone et al., 2006).

In light of the dearth of national data on hallucinogen-related
disorders, we investigate the prevalence and correlates of hallu-
cinogen dependence, abuse, and subthreshold dependence in a
large nationally representative sample of adolescents. Given the
increasing rate of MDMA use, its distinct pharmacological effects as
a hallucinogenic stimulant, and its association with polysubstance
use, we investigate further whether MDMA use as compared with
use of other hallucinogens is associated with greater odds of HUDs
and subthreshold dependence that is independent of the influence
of other substance use disorders and patterns of hallucinogen use.
Study results from this investigation are likely to have implications
for prevention efforts and research, including providing useful data
on subthreshold dependence for the next DSM (Saunders, 2006).
We address three main questions:

1. What is the prevalence of past-year hallucinogen dependence,
abuse, and subthreshold dependence among hallucinogen
users?

2. Are MDMA users more likely than other hallucinogen users to
meet criteria for dependence, abuse, and subthreshold depen-
dence?

3. Are these three diagnostic categories differentially associated
with substance use disorders (tobacco, alcohol, marijuana,
cocaine, and opioids), mental health, criminal behavior, and
users’ key demographic characteristics?

2. Methods

2.1. Data source

The NSDUH is the largest ongoing survey of substance use and related disorders
in the United States, employing multistage area probability sampling methods to
select a representative sample of the nation’s civilian, non-institutionalized popula-
tion aged 12 years and older (SAMHSA, 2007a). The survey covers approximately 98%

of the U.S. population, including household residents; residents of shelters, rooming
houses, college dormitories, migratory workers’ camps, and halfway houses; and
civilians living on military bases. Individuals with no fixed household address (e.g.,
homeless persons), active-duty military personnel, and residents of institutional
group quarters (e.g., correctional facilities and long-term hospitals) are excluded
from the survey’s sampling frame.
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Table 1
Selected demographic characteristics of past-year hallucinogen users among adolescents aged 12–17 years (N = 55,286).

Adjusted logistic regression analysisa Sample size MDMA use vs. no useb Other hallucinogen use vs. no useb MDMA use vs. other hallucinogen use
Sample characteristics 100% AOR (95% CI) AOR (95% CI) AOR (95% CI)

Gender
Male 51.1 1.0 1.0 1.0
Female 48.9 1.4 (1.13–1.70) 0.8 (0.71–0.99) 1.7 (1.31–2.08)

Age group in years
12–13 32.5 0.1 (0.05–0.11) 0.2 (0.13–0.22) 0.5 (0.27–0.73
14–15 34.4 0.4 (0.28–0.45) 0.5 (0.38–0.55) 0.8 (0.58–1.03)
16–17 33.1 1.0 1.0 1.0

Race/ethnicity
White 60.8 1.0 1.0 1.0
African American 15.2 0.4 (0.25–0.51) 0.2 (0.14–0.32) 1.7 (0.95–2.90)
American Indian/Alaska native 0.6 0.5 (0.27–1.09) 2.6 (1.53–4.43) 0.2 (0.08–0.51)
Asian/Pacific Islander/native Hawaiian 4.4 0.3 (0.13–0.88) 0.1 (0.04–0.29) 3.0 (0.76–11.75)
Multi-racial 1.6 1.2 (0.67–2.27) 1.2 (0.68–2.20) 1.0 (0.40–2.53)
Hispanic 17.4 0.7 (0.47–0.92) 0.7 (0.48–0.93) 1.0 (0.610–1.56)

Student status
Yes 98.5 1.0 1.0 1.0
No 1.5 3.5 (2.23–5.64) 1.5 (1.00–2.18) 2.4 (1.37–4.17)

Family income
$0–$19,999 17.7 1.0 (0.69–1.52) 1.3 (0.98–1.77) 0.8 (0.48–1.27)
$20,000–$39,999 22.3 1.1 (0.78–1.41) 1.0 (0.75–1.33) 1.1 (0.70–1.58)
$40,000–$74,999 29.7 1.3 (1.00–1.65) 1.1 (0.87–1.37) 1.2 (0.83–1.68)
$75,000 or more 30.3 1.0 1.0 1.0

Survey year
2004 33.1 1.0 1.0 1.0
2005 33.8 0.8 (0.56–1.00) 0.9 (0.71–1.09) 0.8 (0.59–1.23)
2006 33.1 1.0 (0.76–1.31) 0.7 (0.54–0.86) 1.5 (1.02–2.11)
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OR: adjusted odds ratio; CI: confidence intervals; Boldface: p < 0.05.
a The adjusted multinomial logistic model included all the independent variables
b Each hallucinogen use group was compared with adolescents who reported no

Participants were interviewed in private at their places of residence. Confi-
entiality was stressed in all written and oral communications with potential
espondents. Data were collected with a combination of computer-assisted per-
onal interviewing (CAPI) and audio computer-assisted self-interviewing (ACASI)
o increase the validity of respondents’ reports of drug use behaviors (Turner et al.,
998). Initial items related to their demographic characteristics were administered
y a field interviewer via CAPI. The interview then transitioned to ACASI, which pro-
ided respondents with a private, confidential setting in which to answer sensitive
uestions (e.g., substance use behaviors). Questions were displayed on a computer
creen and read through headphones to respondents, who entered answers directly
nto the computer.

From 2004 to 2006, approximately 68,000 unique respondents completed the
nnual survey (SAMHSA, 2005, 2006, 2007a). Weighted response rates for completed
nterviews among adolescents aged 12–17 years were generally high (85–88%). The
tudy sample of each annual, independent survey is considered representative of the
.S. general population aged 12 years and older. NSDUH data collection procedures
re reported in detail elsewhere (SAMHSA, 2007a).

.2. Study sample

We focused on adolescents aged 12–17 years from the public-use data files of
he 2004–2006 NSDUH. We combined three years of the survey to increase sta-
istical power (N = 55,286). There was little yearly variation in the distribution of
espondents’ demographic characteristics. In this combined sample (N = 55,286),
9% of participants were female and 39% were members of nonwhite racial groups
Table 1).

.3. Study variables

The survey assessed respondents’ lifetime use of hallucinogens: MDMA
“ecstasy”), LSD, PCP, peyote, mescaline, and psilocybin (Wu et al., 2006, 2008a).
espondents also reported age of first use (onset) of any hallucinogen, the number
f days they had used hallucinogens in the previous 12 months, and how recently
hey had used the hallucinogen. The latter construct was assessed by the question
How long has it been since you last used [name of a hallucinogen]?” We catego-

ized past-year hallucinogen users into two mutually exclusive groups: MDMA users
regardless of whether they used any other type of hallucinogen) and other hallucino-
en users who had not used MDMA (Wu et al., 2008a). The total number of days that
espondents used any hallucinogens in the past year was classified as 1–11, 12–51
approximately monthly), and 52 or more days (approximately weekly) to distin-
uish between experimental (1–11 days) and more regular use (Wu et al., 2008a).
in the first column.
any hallucinogens in the past year.

The survey did not assess the total number of days that respondents had consumed
any specific type of hallucinogen in the past year.

Past-year HUDs (dependence and abuse) were assessed by standardized questions
as specified by the DSM-IV (APA, 2000; Wu et al., 2008a). Hallucinogen dependence
was measured by the following six criteria: (1) spending a great deal of time over
a period of a month obtaining, using, or getting over the effects of hallucinogens;
(2) using hallucinogens more often than intended or being unable to maintain lim-
its on use; (3) using the same amount of hallucinogens with decreasing effects or
increasing use to get the same desired effects as previously attained; (4) inability to
reduce or stop hallucinogen use; (5) continued hallucinogen use despite problems
with emotions, nerves, or mental or physical health; and (6) reduced involvement or
participation in important activities because of hallucinogen use. The “withdrawal”
criterion was not specified as necessary for hallucinogen dependence by the DSM-IV
(APA, 2000) and thus was not assessed. The four criteria for abuse included: (1) a
serious problem at home, work, or school caused by using hallucinogens; (2) regular
consumption of a hallucinogen that put the user in physical danger; (3) repeated use
of hallucinogens that led to trouble with the law; and (4) problems with family or
friends caused by continued hallucinogen use. Lifetime diagnoses were not assessed
by the survey.

Consistent with the DSM-IV (APA, 2000), respondents endorsing at least three
criteria of dependence in the past year, regardless of hallucinogen abuse, were clas-
sified as exhibiting dependence. Respondents reporting at least one hallucinogen
abuse criterion but not meeting criteria for hallucinogen dependence were classi-
fied as exhibiting abuse (APA, 2000). Subthreshold dependence or diagnostic orphans
(Wu et al., 2008a) included adolescents who responded positively to one or two cri-
teria for dependence but who did not qualify for a diagnosis of dependence or abuse.
We created a variable to reflect four mutually exclusive groups of past-year hallu-
cinogen users: hallucinogen dependence, abuse, subthreshold dependence, and use
only (i.e., asymptomatic users who did not report any criterion of HUDs).

Adolescents’ key demographic variables included age, gender, race/ethnicity,
student status, and total annual family income (Wu et al., 2006). A categori-
cal survey year variable also was created to examine the potential for yearly
variations in hallucinogen use and disorders. Additionally, we examined the five
prevalent substance use disorders (i.e., tobacco, alcohol, marijuana, cocaine, and
opioid), major depressive episodes, and criminal behavior as potential correlates

of HUDs (Gouzoulis-Mayfrank and Daumann, 2006; Parrott, 2001; SAMHSA, 2002;
Thomasius et al., 2005; Wu et al., 2006, 2008a, 2009; Yacoubian, 2003). The selec-
tion of these variables was based on their previously reported associations with
hallucinogen use and on the hypothesis that HUDs (especially dependence) will be
associated with substance use disorders and mental health problems. The hypoth-
esized association is assumed to be related to drug users’ tendency to use multiple
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Table 2
Pattern of hallucinogen use among past-year hallucinogen users aged 12–17 years by MDMA use status (N = 1585).

Hallucinogen use status Past-year MDMA users (n = 646) Past-year users of other
hallucinogens (n = 939)

�2 or t-test p-valuea

Lifetime hallucinogen use, column % (SE)
MDMA 100 . . .b

LSD 30.3 (2.29) 23.5 (1.95) 0.029
PCP 18.5 (2.09) 12.4 (1.59) 0.023
Peyote 9.2 (1.35) 4.6 (0.80) 0.005
Mescaline 8.2 (1.76) 3.6 (0.86) 0.019
Psilocybin 45.9 (2.69) 59.3 (1.93) <0.001

Number of different hallucinogens ever used,a % (SE)
1 40.4 (2.68) 69.3 (2.30) <0.001
2 29.9 (2.56) 21.6 (2.06)
3 or more 29.7 (2.14) 9.1 (1.35)

Number of different hallucinogens ever used,a mean (SE) 2.12 (0.05) 1.05 (0.05) <0.001

Cumulative days of hallucinogen use in the past year, % (SE)
1–11 62.0 (2.23) 69.2 (2.00) 0.048
12–51 21.3 (2.04) 17.9 (1.67)
52 or more days 16.7 (2.07) 12.9 (1.44)

Age of first hallucinogen use, mean (SE) 14.7 (0.08) 14.5 (0.08) NS
Age of first MDMA use, mean (SE) 15.1 (0.07) 14.5 (0.20) 0.005
Age of first LSD use, mean (SE) 14.7 (0.16) 14.4 (0.18) NS
Age of first PCP use, mean (SE) 14.2 (0.21) 14.3 (0.28) NS
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ample sizes are unweighted numbers; proportions are weighted figures.
a �2 tests for proportion and t-tests for mean; NS: p > 0.05.
b A small percentage (6.5%) of past-year users of other hallucinogens reported MD

ubstances to intensify or modulate the subjective effects of drug use, to attenuate
he discomfort or negative affect (e.g., depression, anxiety, and distress) resulting
rom the after-effects of ecstasy or other drug use, or to self-medicate mental health
roblems (Boys et al., 2001; Parrott, 2001; Reneman et al., 2006; Winstock et al.,
001). Adolescents’ level of hallucinogen use also was expected to be linked with
riminal activities due to their potential associations with a host of risky behaviors
e.g., substance use, behavioral problems, and school problems) (Alati et al., 2008;
essor, 1998).

Past-year substance use disorders (abuse of or dependence on alcohol, marijuana,
ocaine, inhalants, heroin, analgesic opioids, stimulants, sedatives, and tranquiliz-
rs) were assessed by standardized questions with reference to DSM-IV criteria (APA,
000). Past-month nicotine dependence was defined according to the Nicotine Depen-
ence Syndrome Scale (NDSS) (Shiffman et al., 2004) and Fagerstrom Test of Nicotine
ependence (FTND) (Fagerstrom, 1978; Heatherton et al., 1991). Based on NSDUH
rotocols, nicotine dependence was considered present if respondents met the NDSS
r FTND criteria for dependence in the past month. Past-year measure of nico-
ine dependence was not available. Questions assessing past-year major depressive
pisodes were based on DSM-IV criteria and adapted from the National Comorbidity
urvey-Replication (Kessler et al., 2005; SAMHSA, 2007a; Wu et al., 2008a). Mental
ealth treatment service utilization was defined as any use of treatment or counseling
t any service location in the prior year for emotional or behavioral problems that
ere not caused by alcohol or drug use (Wu et al., 2006). Criminal behavior included

rrests and selling illicit drugs. Past-year arrest was defined as an arrest or booking,
xcluding minor traffic violations, during the past 12 months (Wu et al., 2008a).
ast-year illicit drug selling was defined as having sold illicit drugs during this period
Wu et al., 2008b).

.4. Data analysis

We first examined demographic characteristics of the adolescents and of hallu-
inogen users by MDMA use status. Survey year was included as a dummy variable
n the analysis to test for yearly variations in hallucinogen use. Multinomial logistic
egression analyses were applied to compare the differences in sociodemographic
haracteristics of MDMA users vs. other hallucinogen users. Within the subset of
ast-year hallucinogen users (n = 1585), we examined patterns of hallucinogen use,
ther substance use and disorders, and HUDs by MDMA use status, including sub-
hreshold dependence and profiles of DSM-IV symptoms. As a reference, we also
enerated the prevalence of other substance use and disorders among drug users
ho reported no use of hallucinogens (including marijuana, cocaine, inhalants,
eroin, or nonmedical use of prescription opioids, stimulants, sedatives, and tran-

uilizers). To provide a more comprehensive view of the problems of substance use
isorders, we also explored the prevalence of comorbid substance use disorders by
allucinogen diagnostic status.

Lastly, multinomial logistic regression analyses were conducted to identify the
haracteristics associated with respondents’ hallucinogen use diagnostic categories
dependence, abuse, subthreshold dependence, and use only). Survey year was
se prior to the past year but not in the past year (former MDMA use).

included in the model as a control variable due to its significant association with
hallucinogen use. To control for potentially confounding effects of age, gender, and
race/ethnicity on hallucinogen use, these variables were included in the adjusted
model irrespective of their level of significance. Due to the significant association
between gender and MDMA use (SAMHSA, 2007b), we also explored the interac-
tion of MDMA use and gender in relation to HUD categories. The interaction term
was not significant. All analyses were conducted with SUDAAN 9.0.1 to account for
the complex sampling design and resulting design effects of the NSDUH (Research
Triangle Institute, 2006).

3. Results

3.1. Demographic characteristics of hallucinogen users

Overall, 2.7% (n = 1585) of adolescents reported any use of hal-
lucinogen in the past year, and 1.2% reported MDMA use (44% of all
past-year hallucinogen users). A similar proportion of MDMA users
and of other hallucinogen users reported the use of LSD (22% and
19%, respectively) or PCP (11% and 10%, respectively) in the past
year. Past-year use of peyote, mescaline, and psilocybin were not
specifically assessed by the survey. MDMA users were more likely
than non-hallucinogen users to be female (relative to male), white
(relative to African American, Asian/Pacific Islander/native Hawai-
ian, or Hispanic), aged 16–17 years (relative to aged 12–15 years),
non-student (relative to student), and to report a family income
of $40,000–$74,999 (relative to $75,000 or more) (Table 1). Com-
pared with other hallucinogen users, MDMA users were more likely
to be female, white (relative to African American), aged 16–17 years
(relative to aged 12–13 years), and non-students. Elevated odds of
MDMA use were noted in the 2006 relative to the 2004 survey.

3.2. Patterns of hallucinogen use

As shown in Table 2, MDMA users were more likely than other

hallucinogen users to have a history of LSD (30% vs. 24%), PCP (19%
vs. 12%), peyote (9% vs. 5%), and mescaline use (8% vs. 4%) (�2 test
p < 0.05 for each comparison). In contrast, other hallucinogen users
were more likely than MDMA users to use psilocybin (59% vs. 46%;
�2 test p < 0.001).
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Table 3
Pattern of substance use and disorders among past-year drug users aged 12–17 years by MDMA use status (N = 11,515).

Prevalence, % (SE) A: MDMA users (n = 646) B: Users of other hallucinogens (n = 939) C: Users of non-hallucinogen drugsa (n = 9930) �2 testb

Any use in the past year
Hallucinogens/MDMA 100 100 0
Alcohol 94.8 (1.18) 89.5 (1.28) 74.3 (0.67) A > B > C
Tobacco 92.9 (1.33) 82.6 (1.78) 59.2 (0.62) A > B > C
Marijuana 88.5 (1.46) 82.6 (1.86) 65.1 (0.67) AB > C
Opioids/analgesicsc 65.2 (2.46) 49.3 (2.11) 32.4 (0.67) A > B > C
Cocaine 43.2 (2.45) 22.2 (1.88) 4.7 (0.30) A > B > C
Tranquilizersc 36.3 (2.46) 23.8 (1.93) 7.0 (0.32) A > B > C
Stimulantsc 29.1 (2.44) 22.3 (1.82) 7.4 (0.30) AB > C
Inhalants 25.1 (2.30) 27.7 (1.93) 21.8 (0.57) B > C
Heroin 6.3 (1.23) 2.5 (0.69) 0.3 (0.05) AB > C
Sedativesc 4.8 (1.08) 3.7 (0.86) 2.0 (0.19) A > C

Abuse or dependenced

Hallucinogens/MDMA 22.8 (2.35) 12.8 (1.57) 0 A > B
Marijuana 47.0 (2.68) 36.9 (2.50) 14.3 (0.50) AB > C
Alcohol 43.1 (2.79) 37.0 (2.35) 18.7 (0.53) AB > C
Nicotine dependenced 40.9 (2.55) 24.6 (1.87) 12.4 (0.42) A > B > C
Opioids/analgesics 16.0 (1.92) 12.2 (1.84) 4.7 (0.31) AB > C
Cocaine 12.5 (1.64) 4.3 (0.93) 0.8 (0.01) A > B > C
Tranquilizers 6.3 (1.17) 4.1 (0.95) 0.8 (0.11) AB > C
Stimulants 5.8 (1.06) 4.9 (1.13) 1.0 (0.14) AB > C
Inhalants 4.1 (1.03) 6.0 (0.96) 1.9 (0.21) AB > C
Heroin 1.8 (0.66) 1.02 (0.50) 0.08 (0.03) AB > C
Sedatives 1.4 (0.58) 1.5 (0.68) 0.4 (0.09) AB > C

The prevalence of nicotine dependence was expected to be higher than the current rate for past month if it was based on a 12-month period.
a Users of non-hallucinogen drugs = past-year drug users (users of marijuana, cocaine, inhalants, heroin, or nonmedical users of opioids, stimulants, sedatives, or tranquil-
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zers) who did not use any hallucinogen in the past year.
b p < 0.05.
c Nonmedical use of prescription drugs.
d Except for past-month nicotine dependence; all the other substances refer to pa

.3. Patterns of other substance use and disorders

MDMA users also had a higher prevalence of past-year use of
lcohol, tobacco, opioids, cocaine, and tranquilizers than users of
ther hallucinogens (Table 3), who in turn had a higher preva-
ence of the use of each substance examined than that of drug users

ho did not use any hallucinogen in the past year. Marijuana (89%
mong MDMA users), opioids (65%), and cocaine (43%) were fre-
uently used by MDMA users, while marijuana (83%) and opioids

49%) were commonly used by users of other hallucinogens. It is
orth noting that, relative to users of other hallucinogens, MDMA
sers had a higher prevalence of nicotine dependence (41% [95% CI:
5.92–45.99] vs. 25% [95% CI: 21.13–28.51]) and cocaine use disor-
ers (13% [95% CI: 9.56–16.01] vs. 4% [95% CI: 2.76–6.55]). The preva-

Fig. 1. The prevalence of specific DSM-IV symptoms among MDM
ar abuse or dependence.

lence of alcohol (19%), nicotine (12%), and each of non-hallucinogen
drug use disorders (ranging from 0.08% [heroin] to 14% [marijuana])
were all comparatively lower among drug users who had not used
hallucinogens than the two hallucinogen-using groups.

3.4. DSM-IV symptoms of HUDs

We then evaluated the specific DSM-IV symptoms that affected
hallucinogen users. Of the 10 criteria specified by the DSM-IV for

HUDs (Fig. 1), MDMA users exhibited a significantly higher preva-
lence than other hallucinogen users with respect to five criteria:
(1) trouble with the law, (2) tolerance, (3) inability to cut down,
(4) spending a great deal of time using, and (5) continuing to use
despite resulting psychological or physical problems.

A (open bars) and other hallucinogen (shaded bars) users.
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Table 4
Prevalence of hallucinogen use disorders among past-year hallucinogen users aged 12–17 years: by MDMA use status (N = 1585).

Prevalence, % (95% confidence interval) Overall A: MDMA users B: Other hallucinogen users �2 testa

Sample size 1585 646 939
Dependence 6.7 (5.19–8.69) 11.1 (8.24–14.81) 3.5 (2.22–5.43) A > B
Abuse 10.3 (8.53–12.48) 11.7 (8.77–15.50) 9.3 (6.89–12.47) NS
Subthreshold dependence 13.2 (11.17–15.56) 15.7 (12.43–19.65) 11.4 (9.09–14.11) NS
Use without DSM-IV criterion symptom 69.7 (66.74–72.55) 61.5 (56.52–66.18) 75.9 (71.96–79.34) A < B

S

N

3

p
n
d
s
w
l
s
h
6
t
a
[
2

3

s
o
l
T
o
c
d
p
l

3

o

T
P

H

S

A

h

ample sizes are unweighted numbers; proportions are weighted figures.
a �2 (df) test = 29.14 (3), p < 0.001.
S: p > 0.05.

.5. Prevalence of HUDs and subthreshold dependence

Among all adolescents (N = 55,286), 0.5% met criteria for a
ast-year HUD (dependence, 0.2%; abuse, 0.3%), and there were
o significant yearly variations in the prevalence of abuse or
ependence across survey years. However, the prevalence of HUD
ymptoms among past-year hallucinogen users (n = 1585) was note-
orthy. Overall, 25.3% and 15.5% of hallucinogen users had at

east one criterion of dependence and abuse, respectively (data not
hown). Based on the DSM-IV (APA, 2000) (Table 4), 17% (n = 256) of
allucinogen users met criteria for a past-year HUD (dependence,
.7%; abuse, 10.3%), and an additional 13.2% (n = 201) exhibited sub-
hreshold dependence (one or two criteria of dependence and no
buse). MDMA users had a higher prevalence of dependence (11%
95% CI: 8.24–14.8]) than other hallucinogen users (3.5% [95% CI:
.22–5.43]).

.6. Comorbid substance use disorders by HUD status

Table 5 describes the prevalence of comorbid disorders by HUD
tatus. The majority of adolescents with hallucinogen dependence
r abuse also had marijuana or alcohol use disorders (>60%), and to a
esser extent, nicotine dependence and opioid use disorders (>30%).
he dependence group resembled the abuse group in comorbid dis-
rders, while the dependence group had a higher prevalence of
ocaine and inhalant use disorders than the subthreshold depen-
ence group. The subthreshold dependence group had a higher
revalence of marijuana and cocaine use disorders than the hal-

ucinogen use only group.
.7. Adjusted odds ratios of HUDs and subthreshold dependence

Table 6 summarizes results from multinomial logistic regression
f HUDs (dependence, abuse, subthreshold dependence, and use

able 5
revalence of substance use disorders among adolescent hallucinogen users aged 12–17 y

allucinogen use status, % (SE) A: Hallucinogen
dependence

B: Hallucinogen
abuse

ample size 95 161

buse or dependenceb

Marijuana 68.8 (5.92) 64.7 (5.30)
Alcohol 67.9 (5.88) 63.6 (5.72)
Nicotine dependenceb 44.7 (6.30) 32.9 (4.91)
Opioids/analgesics 38.9 (6.20) 39.1 (6.37)
Cocaine 27.9 (5.38) 15.1 (3.56)
Tranquilizers 11.1 (4.54) 20.5 (5.37)
Stimulants 17.4 (3.98) 16.6 (4.62)
Inhalants 19.1 (5.00) 15.3 (3.80)
Heroin 10.1 (3.83) 3.1 (2.46)
Sedatives 5.4 (3.16) 7.5 (3.80)

a p < 0.05; NS: p > 0.05.
b Except for past-month nicotine dependence; all the other substances refer to past-yea
igher than the current rate for past month if it was based on a 12-month period.
only). We first examined the bivariate association for each covari-
ate and then included in the adjusted model those covariates that
were found to be significantly associated with the dependent vari-
able. School status, family income, and past-year major depressive
episode were not associated with HUD status in the unadjusted
analysis. Age of first hallucinogen use, selling drugs, and being
booked or arrested were not associated with HUD status in the
model including variables of substance use disorders and thus were
excluded from the analysis.

3.7.1. Dependence. Compared with hallucinogen use only, depen-
dence was associated with being white (relative to being
multi-racial), use of hallucinogens for 12 or more days in the past
year, past-year MDMA use, use of three or more types of hallucino-
gens, use of mental health services, and substance use disorders
related to alcohol and cocaine.

3.7.2. Abuse. Compared with hallucinogen use only, increased odds
of abuse were noted among American Indians/Alaska natives (rel-
ative to whites), use of hallucinogens for ≥52 days, and those with
a substance use disorder related to use of alcohol, marijuana, and
opioids.

3.7.3. Subthreshold dependence. Compared with hallucinogen use
only, females and young adolescents aged 12–13 years (relative to
those aged 16–17 years) were likely to exhibit subthreshold depen-
dence. Use of hallucinogens for 12 or more days, use of three or
more types of hallucinogens, and alcohol use disorders were also
associated with subthreshold dependence.
3.7.4. Dependence vs. abuse. Relative to abuse, whites had greater
odds of dependence as compared with those reporting multi-racial
backgrounds.

ears by hallucinogen diagnostic status (N = 1585).

C: Hallucinogen
subthreshold
dependence

D: Use without
DSM-IV symptom

�2 testa

201 1128

42.3 (4.40) 34.8 (1.91) AB > C > D
46.7 (4.68) 31.9 (2.02) A > D
38.2 (4.64) 28.8 (1.98) NS

9.8 (2.82) 8.4 (1.26) AB > CD
10.1 (2.59) 4.3 (0.82) ABC > D, A > C
5.0 (2.10) 2.2 (0.60) AB > D
5.8 (2.47) 2.3 (0.44) AB > D
4.1 (1.94) 2.6 (0.57) A > CD
0.5 (0.51) 0.4 (0.18) A > D
1.2 (0.69) 0.2 (0.13) AB > D

r abuse or dependence. The prevalence of nicotine dependence was expected to be
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Table 6
Adjusted odds ratios (AOR) and 95% confidence intervals (CI) of hallucinogen use disorders among past-year hallucinogen users aged 12–17 years (N = 1585).

Adjusted categorical multinomial logistic
regression modela: AOR (95% CI)

Dependence vs.
use only

Abuse vs. use
only

Subthreshold
dependence vs.
use only

Dependence vs.
abuse

Dependence vs.
subthreshold
dependence

Abuse vs.
subthreshold
dependence

Gender (vs. male)
Female 1.4 (0.86–2.41) 1.0 (0.62–1.57) 1.8 (1.08–2.89) 1.5 (0.80–2.65) 0.8 (0.45–1.49) 0.5 (0.28–1.05)

Age group, y (vs. 16–17)
12–13 1.7 (0.38–7.62) 2.3 (0.91–5.78) 3.4 (1.64–7.09) 0.8 (0.18–3.02) 0.5 (0.14–2.07) 0.7 (0.27–1.75)
14–15 1.6 (0.81–2.99) 1.0 (0.61–1.65) 0.8 (0.45–1.36) 1.6 (0.73–3.31) 2.1 (0.95–4.68) 1.4 (0.64–2.85)

Race/ethnicity (vs. white)
African American 1.3 (0.34–5.24) 0.7 (0.21–2.59) 0.4 (0.14–1.25) 1.8 (0.34–9.36) 3.6 (0.68–18.67) 2.0 (0.41–10.06)
American Indian/Alaska native 2.1 (0.63–6.94) 6.5 (1.18–36.15) 2.3 (0.63–8.04) 0.3 (0.06–1.74) 0.9 (0.16–5.15) 3.0 (0.57–15.90)
Asian/Pacific Islander/native Hawaiian 0.3 (0.02–3.52) 0.5 (0.08–2.81) 2.4 (0.34–16.98) 0.5 (0.10–2.07) 0.1 (0.01–1.68) 0.2 (0.03–1.19)
Multi-racial 0.1 (0.03–0.43) 1.2 (0.28–5.04) 0.3 (0.10–1.15) 0.1 (0.02–0.43) 0.3 (0.06–2.04) 4.4 (1.09–17.81)
Hispanic 2.1 (0.78–5.44) 1.2 (0.51–2.92) 1.0 (0.46–2.05) 1.7 (0.56–4.88) 2.1 (0.61–7.01) 1.2 (0.42–3.63)

Days of hallucinogen use (vs. 1–11)
12–51 2.3 (1.02–5.08) 1.1 (0.56–1.98) 1.6 (1.04–2.46) 2.2 (0.85–5.62) 1.5 (0.57–3.67) 0.7 (0.34–1.39)
52 or more days 5.5 (2.37–12.75) 2.7 (1.41–5.22) 2.4 (1.66–6.92) 2.1 (0.89–4.86) 1.8 (0.64–4.80) 0.8 (0.35–1.92)

MDMA use (vs. other hallucinogen use)
Yes 3.0 (1.59–5.68) 1.7 (0.97–3.09) 1.4 (0.88–2.07) 1.8 (0.82–3.78) 2.2 (1.05–4.77) 1.3 (0.65–2.51)

Number of types of hallucinogens used (vs. one)
2 2.2 (0.95–5.17) 1.6 (0.85–3.12) 1.2 (0.70–2.08) 1.3 (0.55–3.20) 1.7 (0.66–4.29) 1.3 (0.60–2.77)
3 or more types 2.7 (1.13–6.38) 1.4 (0.66–2.82) 2.4 (1.37–4.35) 1.9 (0.74–4.67) 1.1 (0.39–2.99) 0.6 (0.25–1.32)

Using mental health services (vs. no)
Yes 2.6 (1.23–5.36) 1.6 (0.99–2.50) 0.9 (0.58–1.40) 1.6 (0.74–3.29) 2.9 (1.34–6.06) 1.7 (1.00–3.00)

Alcohol use disorder (vs. no)
Yes 2.4 (1.25–4.51) 2.3 (1.40–3.99) 1.8 (1.21–2.77) 1.0 (0.46–2.18) 1.3 (0.61–2.54) 1.3 (0.65–2.41)

Marijuana use disorder (vs. no)
Yes 1.9 (0.93–4.05) 1.9 (1.13–3.11) 1.2 (0.77–1.84) 1.0 (0.43–2.51) 1.6 (0.72–3.56) 1.6 (0.92–2.81)

Cocaine use disorder (vs. no)
Yes 2.3 (1.01–5.39) 1.4 (0.55–3.35) 1.2 (0.54–2.59) 1.8 (0.62–4.96) 2.0 (0.79–5.05) 1.2 (0.42–2.98)

Opioid use disorder (vs. no)
Yes 1.9 (0.86–4.19) 3.4 (1.80–6.51) 0.6 (0.28–1.43) 0.6 (0.22–1.40) 2.6 (1.01–6.90) 4.9 (1.99–12.12)
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oldface: p < 0.05.
a The adjusted model controlled for the survey year and included variables listed

llicit drugs, major depression, nicotine dependence, and age of onset of hallucinoge

.7.5. Dependence vs. subthreshold dependence. Relative to sub-
hreshold dependence, increased odds of dependence were noted
mong MDMA users, users of mental health services, and those with
n opioid use disorder.

.7.6. Abuse vs. subthreshold dependence. Relative to subthreshold
ependence, increased odds of abuse were found among respon-
ents with multi-racial backgrounds (compared with whites), users
f mental health services, and those meeting criteria for an opioid
se disorder.

. Discussion

Approximately 3% of adolescents nationally had used hallucino-
ens in the past year, and 44% of hallucinogen users had used
DMA within the same period. While the prevalence of HUDs

mong all adolescents was low (<1%), almost one third (30%) of
ast-year hallucinogen users reported symptoms of HUDs. Over-
ll, 17% of hallucinogen users met criteria for a past-year HUD; an
dditional 13% exhibited subthreshold dependence. Adolescents in

he latter group, particularly females and young adolescents aged
2–13, may be overlooked in epidemiological studies because they
o not meet diagnostic criteria as specified by the DSM-IV and yet
xhibit problems related to their substance use. Failure to include
hem in studies may underestimate the prevalence of hallucinogen
se-related problems in the adolescent population.
e first column. Family income, student status, arrests for criminal activities, selling
were tested but were not significant and were not included in the adjusted model.

4.1. MDMA users vs. other hallucinogen users

The study’s most salient finding concerns the high prevalence
of HUDs and other substance use disorders (i.e., nicotine, alcohol,
and marijuana) among MDMA users. More than one in five MDMA
users (23%) met criteria for an HUD. Additionally, approximately
one in six (16%) exhibited subthreshold dependence. Even after
adjusting for the effects of other substance use disorders, the fre-
quency and type of hallucinogens used, and past-year use of mental
health treatment services, MDMA users were three times as likely
as users of other hallucinogens to exhibit dependence. In addition,
MDMA users were more likely to report hallucinogen use-related
consequences (trouble with the law), physical dependence (toler-
ance), and compulsive hallucinogen-seeking behaviors (inability
to cut down and spending a great deal of time using hallucino-
gens), despite the negative impact of use on their mental or physical
heath (impaired cognition). In line with these findings, Stone et
al. (2006) found that young MDMA users were twice as likely as
LSD users to develop a hallucinogen dependence syndrome. This
comparatively high rate of dependence symptoms among MDMA
users could be related in part to their greater use of hallucino-
gens than other hallucinogen users. For example, MDMA users in

this sample appeared to have consumed more types of hallucino-
gens than other hallucinogen users and that hallucinogen users
who used hallucinogens for ≥52 days in the past year (weekly)
were 5.5 times as likely to meet criteria for dependence. Yen and
Hsu (2007) also reported that greater use of MDMA was signifi-
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antly associated with more symptoms of dependence on MDMA
e.g., tolerance, spending a great deal of time using, and con-
inuing MDMA use despite having problems resulting from such
se).

Further, chronic tolerance to MDMA (i.e., reduction in subjec-
ive efficacy) often develops among recreational MDMA users;
nce it occurs, the users take a larger amount of the drug to
chieve the same effects originally obtained by a smaller dosage
Parrott, 2005). This chronic tolerance could lead to dosage esca-
ation and binge use of MDMA, which in turn, might intensify
ependence symptoms and consequences from MDMA use as well
s the use of other substances such as marijuana and opioids
o modulate the negative effects from post-MDMA use (Parrott,
001, 2005). MDMA’s serotonergic neurotoxic effects on human
rains may involve in the development of chronic tolerance to
DMA and dosage escalation in drug users (Parrott, 2005). In

his study, tolerance is one of the most prevalent HUD symp-
oms among MDMA users (23%; 95% CI: 19.2–27.5%), and it is

ore prevalent than among other hallucinogen users (10%; 95% CI:
.7–12.9%).

These findings of HUDs differ somewhat from a previous report
n HUDs among adult hallucinogen users aged 18 years or older
Wu et al., 2008a). Compared with adolescents in this study, adult
sers appeared to have a lower prevalence of HUD: dependence
3% vs. 7%), abuse (5% vs. 10%), and subthreshold dependence (10%
s. 13%). Further, MDMA use among adults was not associated with
UDs. The higher prevalence of HUDs among adolescents may be

elated to their more active use of hallucinogens than adults (Wu
t al., 2008a) or to the possibility that adolescents’ developing
rains are generally more susceptible to the effects of hallucino-
en/MDMA use. As with any other U.S. national survey, however,
he exact amount of MDMA and other hallucinogens consumed
as not assessed by the NSDUH. Nonetheless, our findings reveal a
igh prevalence of HUDs (23%) and subthreshold dependence (16%)
mong adolescent MDMA users.

There are also some important differences between MDMA and
ther hallucinogen users. While MDMA users were more likely than
sers of other hallucinogens to have left school (i.e., non-students)
nd consumed a wide variety of substances in the past year, they
ere less likely to use psilocybin. This finding that psilocybin was

he most commonly used hallucinogen among non-MDMA users
eserves further research. Like heroine or MDMA, psilocybin is clas-
ified as a Schedule I drug indicating that it has a high potential
or abuse and has no approved medical use (NIDA, 2009). Case
eports indicate that repeated psilocybin use impairs memory and
ncreases the risk for psychiatric illnesses (NIDA, 2008b). How-
ver, very little is presently known about the extent of past-year
silocybin use because psilocybin is combined with other non-LSD
allucinogens into one broad category in the MTF surveys (Johnston
t al., 2007b), and the NSDUH does not specifically assess past-year
silocybin use. Given its relatively prevalent use in adolescents,
ast-year psilocybin use warrants individual assessment in national
urveys in order to better monitor its use, demographic profiles, and
elated problems.

These findings also expand on previous studies of drug use by
uggesting that adolescent MDMA users not only had a higher
revalence of nicotine dependence and cocaine use disorders than
sers of other hallucinogens, but also have a higher prevalence of
isorders related to the use of all the other substances examined
han non-hallucinogen drug users (Pedersen and Skrondal, 1999;

u et al., 2006; Yacoubian, 2003). Recent research has suggested a

idirectional association between MDMA use and initiation of other
ubstances. Martins et al. (2007) found that prior use of marijuana,
ocaine, and heroin predicted the onset of MDMA use; prior MDMA
se also predicted later use of marijuana, cocaine, and heroin. More-
ver, it appeared that marijuana use tended to precede the use
endence 104 (2009) 156–166 163

of MDMA, while cocaine and heroin use was particularly likely to
follow initiation of MDMA use (Martins et al., 2007). Additionally,
Lieb et al. (2002) found that the majority of subjects with an alco-
hol, nicotine, or any drug use disorder initiated their MDMA use
after their onsets of these disorders, and that a smaller proportion
initiated their MDMA use before their onsets of these disorders.
Further, subjects with a history of mental disorder also exhibited
an increased risk for initiating MDMA use subsequently. Therefore,
MDMA use not only is a manifestation of early substance use or
mental health problems that tend to co-exist with other behav-
ioral problems (Alati et al., 2008; Lieb et al., 2002) but also confers
a risk for subsequent drug use and mental disorders (Lieb et al.,
2002; Martins et al., 2007). Regardless of the temporal sequence of
drug use, heavy MDMA polydrug users are likely to have the worst
psychiatric consequences (Soar et al., 2001).

There are several potential explanations for polysubstance use.
Studies have suggested that an increased scope of substance use
such as alcohol, marijuana, or other drugs may increase the likeli-
hood of MDMA use among drug users by increasing their propensity
to use multiple substances in order to enhance subjective effects of
drug use or to relieve discomfort or withdrawal symptoms from
after-effects of drug use (Boys et al., 2001; Parrott, 2001; Reneman
et al., 2006; Winstock et al., 2001). Alcohol, marijuana, and opioids
are reportedly used by drug users to relieve discomfort associated
with post-MDMA comedown (Parrott, 2001; Winstock et al., 2001).
Additionally, use of multiple substances can be influenced through
chronic tolerance to MDMA or through cross-tolerance to different
stimulants (Parrott, 2005; Parrott et al., 2004). In such circum-
stances, dosage escalation may occur across different stimulants in
an attempt to maintain a positive on-drug experience in the face of
reducing efficacy, but this greater intensity of usage also enhances
drug-related adverse symptoms or consequences (Parrott, 2005).
Therefore, repeated drug users may need to balance their desire
for an optimal on-drug experience with a need to minimize neg-
ative effects from post-drug use, which may account in part for
polysubstance use by some MDMA users (Parrott, 2005).

4.2. Threshold vs. subthreshold categories

Consistent with prior findings pertinent to marijuana
(Degenhardt et al., 2002), analgesic opioids (Wu et al., 2008b),
and hallucinogens (Wu et al., 2008a), we found a comparatively
large proportion of hallucinogen users who reported one or
two dependence criteria but were not classified with a HUD
by the DSM-IV. These diagnostic orphans constituted 16% of
MDMA users and 11% of other hallucinogen users. Compared with
asymptomatic hallucinogen users, we found that females, young
adolescents aged 12–13 years, frequent users of hallucinogens
(≥12 days), users of multiple hallucinogens, and those with an
alcohol use disorder had greater odds of being classified as diag-
nostic orphans. Given their comparatively high prevalence, young
age, and problematic substance use, this group warrants further
investigation to elucidate their clinical courses, intervention needs,
and relevancy for the next iteration of the DSM (Wu et al., 2008a,
2008b).

Relative to the hallucinogen use only group (asymptomatic
users), we found that regular use of hallucinogens (≥52 days), alco-
hol use disorder, and drug use disorder (marijuana and opioid for
the abuse group; cocaine for the dependence group) were associ-
ated with increased odds of abuse and of dependence. Thus, both
disorder groups are likely to have consumed more hallucinogens

and other substances than the hallucinogen use only group. In
addition, the dependence group differed from the use only and sub-
threshold dependence groups in past-year MDMA use, suggesting
that the dependence group is more likely to use MDMA recently.
These findings also lend some support for the distinction between
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hose without vs. with a HUD: the latter group also is likely to
se treatment for mental health problems and to exhibit an opi-
id use disorder in the past year as compared with the subthreshold
roup. However, the DSM-IV’s distinction between the abuse (using
ne criterion threshold) and the dependence (using three criteria
hreshold) groups is not clearly observed because they show great
imilarities in substance use characteristics, suggesting that they
end to classify two similar subgroups of hallucinogen users.

Taken together, these findings support the presence of polysub-
tance use among young hallucinogen users (Rickert et al., 2003;

u et al., 2006; Yacoubian, 2003). They further reveal that ado-
escents with a HUD are more likely than those without a HUD to
ave co-existing substance use disorders and mental health prob-

ems that warrant clinical monitoring and intervention to reduce
otential consequences from substance abuse. Additionally, while
onmedical use of opioids among MDMA users has received lit-
le research attention, study results indicate that opioids are the
econd most likely drug class (following marijuana) to be used by
ll drug users and particularly to be abused by those with a HUD
39% of them with an opioid use disorder). It hence confirms recent
eports on the increased rate of nonmedical use of opioids among
dolescents and its association with substance use disorders (Wu
t al., 2008b, 2008c).

Finally, the increasing rate of MDMA use among adolescent girls
eserves more research and monitoring. Females are more likely
han males to initiate MDMA use, while males are likely to initi-
te use of other hallucinogens (SAMHSA, 2007b). We also found
hat females have elevated odds of using MDMA, but lower odds of
sing other hallucinogens as compared with males. Although we
id not find that the association between HUDs and gender was
oderated by MDMA use, investigators have suggested that sex-

elated differences in metabolism, brain suture, or hormones may
ake females more susceptible to the neurotoxic effect of MDMA

se than males (Allott and Redman, 2007). The reasons for the
ecent increase in MDMA use by females are not known; nonethe-
ess, research is needed to monitor their trends in MDMA use over
ime and to elucidate which of their characteristics contribute most
o this drug use.

.3. Limitations and strengths

These findings should be interpreted with some caution. First,
ubstance use behaviors were obtained from adolescents’ self-
eports, which are subject to memory errors and under-reporting
Gfroerer et al., 1997). Due to the large scale of the NSDUH, sub-
tance use disorders were assessed by standardized questions using
omputer-assisted interviewing methods, but they were not vali-
ated by clinicians. Clinical validation is often impractical and very
ostly for a large national survey (SAMHSA, 2008). It is also worth
oting that the assessment for nicotine dependence was based
n the past 30 days. The prevalence of nicotine dependence was
xpected to be higher than the past-month estimate if it was based
n a 12-month period. Second, the cross-sectional nature of the
SDUH precludes making inferences of causal relationships from
ur findings. The high prevalence of substance use disorders among
allucinogen users in general points to the need to understand the
ole of hallucinogen use in the context of other drug use prob-
ems. Third, these findings cannot be generalized to adolescents

ho were institutionalized or homeless on the days that the sur-
ey was administered because the NSDUH did not interview them.
ourth, because diagnostic information was collected for the class

f the drugs, it is difficult to draw broad conclusions about specific
dverse effects. However, this is a common practice in all known
.S. national surveys of substance use disorders that limits the

nterpretability of research on this area. Last, like any other large
.S. survey, the NSDUH does not collect data on either purity or
endence 104 (2009) 156–166

dosage of MDMA tablets, both of which affect drug use behaviors
and consequences (Parrott, 2004; Thomasius et al., 2005).

This study also has noteworthy strengths. It represents the
first national study of the prevalence and correlates of HUDs and
subthreshold dependence among adolescents. Study data were
collected with the most sophisticated technology available—a
combination of computer-assisted personal interviewing and
audio computer-assisted self-interviewing—to increase adoles-
cents’ reporting of sensitive and illegal drug use behaviors (Turner
et al., 1998). The study sample also has a high degree of generaliz-
ability because it constitutes the largest of its kind representing
non-institutionalized American adolescents. Further, the sample
size was large enough to allow us to determine the magnitude
of HUDs by MDMA use status and to adjust analytically for other
substance use disorders and patterns of hallucinogen use.

4.4. Implications and conclusions

In this national sample of adolescents, one in six hallucinogen
users met criteria for a past-year HUD. There is a high prevalence
of HUDs (23%) and subthreshold dependence (16%) among MDMA
users. Study results suggest that adolescent MDMA users not only
are at risk for exhibiting hallucinogen dependence but also are
likely to use multiple substances and meet criteria for other sub-
stance use disorders within a same 12-month period. These findings
have important implications. First, psychiatric disorders not only
increase the risk for MDMA use but also can occur following MDMA
use (Lieb et al., 2002; Soar et al., 2006). In particular, the co-usage of
MDMA and other substances is likely to enhance subsequent psy-
chiatric disturbances and cognitive impairments, possibly through
the influence of greater amounts of substances taken, serotoner-
gic neurotoxicity of MDMA (depletion of serotonin), potentially
multiplicative effects of multiple drugs, and substance-induced
mental and cognitive disorders (Parrott, 2006; Soar et al., 2006;
Thomasius et al., 2005). Active MDMA users thus should be assessed
or screened regularly for comorbid psychiatric and health problems
and be intervened as appropriate to reduce their adverse conse-
quences. Given the pervasiveness of their substance use, adolescent
MDMA users should benefit from such medical monitoring. Sec-
ond, considering the increasing use of MDMA among youth and
females (Johnston et al., 2007a, 2007b; SAMHSA, 2007b) and its
potential lasting neurotoxic effects on young drug users such as
memory deficits, elevated impulsiveness, and mood/anxiety disor-
ders (Montoya et al., 2002; Parrott, 2006; Reneman et al., 2006),
research is clearly needed to monitor trends in MDMA use in these
groups and to elucidate factors and processes that place MDMA
users at risk for continuing drug use. Finally, MDMA is now the most
prevalent emerging drug of use in adolescents (Wu et al., 2006), but
there are no specific behavioral or pharmacological treatments for
MDMA abuse or dependence (NIDA, 2006). Given its potential for
producing lasting psychiatric disturbances, there is a need for iden-
tifying effective prevention and treatment interventions for MDMA
use and addiction.
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