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We investigated the prevalence, patterns, and correlates of
past-year DSM-IV hallucinogen use disorders (HUDs) among
past-year users of MDMA and other hallucinogens from a
sample of Americans 18 or older (n = 37,227). Users were
categorized as MDMA users and other hallucinogen users.
Overall, one in five (20%) MDMA users and about one in six
(16%) other hallucinogen users reported at least one clinical
feature of HUDs. Among MDMA users, prevalence of hal-
lucinogen abuse, subthreshold dependence, and dependence
was 4.9%, 11.9%, and 3.6%, respectively. The majority with
hallucinogen abuse displayed subthreshold dependence. Most
with hallucinogen dependence exhibited abuse. Subthreshold
hallucinogen dependence is relatively prevalent and represents
a clinically important subgroup that warrants future research
and consideration in a major diagnostic classification system.
(Am J Addict 2008;17:354–363)

BACKGROUND

The use and abuse of MDMA (3,4-methylenedioxy-
methamphetamine, or ecstasy) is a significant public health
concern. In the United States, MDMA is classified as a
hallucinogen, a category comprising LSD (lysergic acid
diethylamide), PCP (phencyclidine, or angel dust), peyote,
mescaline, and psilocybin (mushrooms).1,2 During the past
decade, rates of MDMA use and associated morbidity and
mortality have risen in the United States and other countries.3–7

In the United States, the number of MDMA-related admis-
sions to emergency departments (EDs) increased dramatically
from 1994 to 2001.8 Recent national surveys also indicate
that MDMA use among American adults aged 18–25 has
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increased,1 while the perception of risk arising from MDMA
use among eighth graders has declined.9

MDMA is a potent neurotoxin in animals and appears to
have long-lasting neurotoxic effects in humans.10–13 Brain
imaging indicates that MDMA users are susceptible to
MDMA-induced neuronal damage.14 Repeated use may lead
to significant serotonin depletion, causing disturbances in
mood, memory, and impulsiveness.10,11 However, little is
known concerning whether there may be long-term alterations
in neurotransmitter responses in humans that are associated
with MDMA-induced serotonin neurotoxicity.13 Any potential
efforts to investigate this issue would seem to present almost
insuperable challenges. These may include ethical and legal
proscriptions against repeatedly administering MDMA in a
controlled study, as well as frequent polydrug use among
this population, and difficulties in determining their premorbid
cognitive and psychological functioning.15

MDMA use is associated with depression, anxiety, elevated
impulsiveness, and memory deficits; depending on prior levels
of MDMA and other substance use, these symptoms may
persist after cessation.10–12 The use of hallucinogens other than
MDMA has received much less research attention. However,
published studies have found that, as with MDMA,16–18

the use of other hallucinogens is associated with regular
cigarette smoking, alcohol use, depression, and risky sexual
behaviors.19,20

Little is presently known about MDMA and other hal-
lucinogen users who have subsequently developed abuse or
dependence (ie, hallucinogen use disorders or HUDs) as
specified by the Diagnostic and Statistical Manual (DSM)-
IV.21 To date, only a few studies have estimated the prevalence
of HUDs. Data from the 1990–1992 National Comorbidity
Study indicate that 5% of all respondents aged 15–54 who
reported a history of hallucinogen use met criteria for DSM-
III-R hallucinogen dependence over the course of their lives.22

In the 1992 National Longitudinal Alcohol Epidemiologic
Survey and the 2001–2002 National Epidemiologic Survey
on Alcohol and Related Conditions, 0.6% and 1.7% of
all adult respondents, respectively, met criteria for lifetime
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hallucinogen abuse or dependence, as defined by the DSM-
IV.23,24 In the 2000-2001 National Household Surveys on Drug
Use, 2–3% of hallucinogen users who reported first use of any
hallucinogen within the past 24 months met criteria for past-
year hallucinogen dependence.25 However, previous studies
have not examined the characteristics of hallucinogen users
with past-year HUDs,22–24 and Stone et al.25 did not examine
hallucinogen abuse.

MDMA is somewhat different from other hallucinogens: it
is a hallucinogenic stimulant and has potentially neurotoxic
effects. Additionally, MDMA users are likely to use multiple
illicit substances26–28 and may have a high prevalence of
HUDs.29 Given the scarce data on HUDs and the increased
use of MDMA, it is important to understand the extent and
characteristics of individuals with past-year HUDs.

This study examines, within a nationally representative
sample of past-year hallucinogen users, the clinical features of
past-year HUDs among MDMA users compared with users of
other hallucinogens, as well as the prevalence and correlates of
hallucinogen abuse and dependence. Given the lack of research
on the prevalence of individuals who met criteria for one or
two symptoms of dependence but did not meet criteria for a full
diagnosis (“subthreshold dependence,” sometimes called “di-
agnostic orphans”), as well as those who met criteria for depen-
dence but did exhibit symptoms of abuse,30,31we also examine
subthreshold dependence and the co-occurrence of symptoms
of abuse and dependence. While studies have revealed that
diagnostic orphans among marijuana users are as likely as in-
dividuals with a marijuana use disorder to abuse other drugs,31

little is presently known about diagnostic orphans among hal-
lucinogen users. Findings from our study are likely to shed new
light on the extent of HUDs among recent hallucinogen users
and thus have implications for the next iteration of the DSM.

METHODS

Data Source
This study is based on data from the public use file of the

2005 National Survey on Drug Use and Health (NSDUH).32

The NSDUH provides population estimates of substance use
and related disorders in the United States, utilizing multistage
area probability sampling methods to select a representative
sample of the civilian, non-institutionalized population aged
12 years or older. Participants include household residents;
residents of shelters, rooming houses, and group homes;
residents of Alaska and Hawaii; and civilians residing on
military bases. To improve the precision of drug use estimates
for key subgroups, adolescents and young adults aged 12–25
years were oversampled.

NSDUH participants were interviewed in private at their
place of residence and were assured that their names would
not be recorded and that their responses would be kept strictly
confidential. Interviewers signed confidentiality agreements,
and consent forms thoroughly described data collection
procedures and protections.

The NSDUH interview uses computer-assisted interview-
ing (CAI) to increase the validity of respondents’ reports
of illicit drug use behaviors.33 CAI methodology combines
computer-assisted personal interviewing and audio computer-
assisted self-interviewing (ACASI). ACASI provides respon-
dents with a highly private and confidential setting in which to
answer sensitive questions. Questions were either displayed on
a computer screen or read through headphones to respondents,
who entered answers directly into the computer.

A total of 68,308 respondents aged 12 years or older
completed the interview during the period from January
through December of 2005. Weighted response rates for
household screening and interviewing were 91.3% and 76.2%,
respectively. NSDUH design and data collection procedures
have been previously reported in detail.32

Analysis Sample
A total of 37,227 adults aged 18 or older were identified

from the public use data file of the 2005 NSDUH, of which
52% were women, 31% were young adults 18–34 years, and
30% were members of non-white groups (African American,
11%; Hispanic, 13%; American Indian or Alaska Native, 0.5%;
Asian or other Pacific Islander or Native Hawaiian, 4.5%; and
persons reporting multiple race or ethnicity, 1%).

Study Variables
Hallucinogen Use Variables

NSDUH assessments of drug use were conducted via
ACASI and included detailed descriptions of different types
of drugs. The survey specifically assessed lifetime use of
the following categories of hallucinogens: LSD, PCP, peyote,
mescaline, psilocybin, and MDMA (ecstasy). Respondents
also reported age of first use (onset) of any hallucinogen,
number of days using hallucinogen(s) in the past 12 months,
and recency of any hallucinogen use. We categorized past-year
hallucinogen users (any hallucinogen use within 12 months
prior to the interview) into two mutually exclusive groups:
MDMA users (regardless of whether they had used any other
type of hallucinogens), and other hallucinogen users (LSD,
PCP, peyote, mescaline, or psilocybin) who had not used
MDMA within this period. Number of days that respondents
used any hallucinogens in the past year was categorized
into four groups: 1–5 days (ie, experimental use), 6–11 days
(infrequent), 12–51 (approximately monthly), and 52 or more
days (approximately weekly use or more). The survey did not
assess the number of days that respondents had consumed any
specific type of hallucinogen in the past year.

Past-year HUDs were assessed by standardized questions
as specified by DSM-IV criteria.21 The four clinical features
of past-year abuse are as follows:

1. serious problems at home, work, or school caused by
using hallucinogens;

2. regular consumption of a hallucinogen that put the user
in physical danger;
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3. repeated use of hallucinogens that caused the user to get
in trouble with the law; and

4. problems with family or friends caused by the continued
use of hallucinogens.

The following six past-year clinical features of hallucino-
gen dependence were also assessed:

1. spending a great deal of time over the course of a month
getting, using, or getting over effects of hallucinogens;

2. using hallucinogens more often than intended or being
unable to maintain limits 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 activ-

ities because of hallucinogen use.

The “withdrawal” criterion was not specified to be present for
hallucinogen dependence by the DSM-IV21 and was thus not
assessed by the survey.

Consistent with the DSM-IV,21 respondents who met at
least one of the hallucinogen abuse criteria but did not
meet criteria for hallucinogen dependence in the past year
were classified as exhibiting hallucinogen abuse. Hallucinogen
dependence included respondents who met criteria for at least
three hallucinogen dependence symptoms in the past year,
regardless of hallucinogen abuse. Subthreshold dependence
(“diagnostic orphans”) included respondents who met 1 to 2
hallucinogen dependence criteria, but did not meet criteria for
dependence or abuse. Lifetime HUDs were not assessed by
the survey. Due to the very large scale of the national survey,
diagnoses of HUDs were not validated by clinicians.

Social and Demographic Variables
We examined associations of HUDs with the following

demographics: age, sex, race/ethnicity, educational level,
current employment status, current marital status, total annual
family income, and population density where the respondent
resided (large metropolitan areas, population ≥1 million;
small metropolitan areas, population <1 million; and non-
metropolitan areas, outside a standard metropolitan statistical
area).

Other Substance Use Variables
Past-year alcohol, marijuana, and cocaine use disorders

(abuse or dependence) were also assessed with reference to
DSM-IV criteria. Nicotine dependence was defined according
to the Nicotine Dependence Syndrome Scale (NDSS)34 and
the Fagerstrom Test of Nicotine Dependence (FTND).35,36

Nicotine dependence was present if the respondent’s average
NDSS score was 2.75 or higher. Based on the FTND and
consistent with NSDUH protocols, we also specified nicotine
dependence as present if respondents reported that they had

smoked any cigarettes in the past month and had their first
cigarettes within 30 minutes of awakening.

Mental Heath, Criminality, HIV Risk, and ED
Treatment Variables

Anxiety disorder was assessed by the question, Has a doctor
or other medical professional told you that you had anxiety
disorder in the past year? Questions assessing major depressive
episodes were based on DSM-IV criteria and adapted from the
National Comorbidity Survey-Replication.37 In NSDUH, no
exclusions were made for major depressive episodes caused
by medical illness, bereavement, or substance use disorders.
Past-year criminal activity was defined as an arrest or booking
for breaking the law (excluding minor traffic violations) during
the past 12 months.38 HIV risk variables included injection
drug use and sexually transmitted diseases (STDs). History of
injection drug use was defined as lifetime use of a needle to
inject a substance (eg, cocaine, heroin, methamphetamine, or
other stimulants) that was not prescribed for the respondent,
or that was consumed only for the experience or feeling
it caused.39 Past-year STDs were assessed by the question,
Has a doctor or other medical professional told you that you
had a sexually transmitted disease in the past year? STDs
include chlamydia, gonorrhea, herpes, and syphilis. Past-year
ED admission was defined as having been treated in an ED
during the past 12 months.40

Data Analysis
We first examined the prevalence of hallucinogen use

among all adults (N = 37,227) and assessed demographic
characteristics of the subset of adults reporting past-year
hallucinogen use (N = 1,341). We then examined patterns
of hallucinogen use and clinical characteristics of HUDs.
Bivariate associations were examined with χ2 tests for
categorical variables and t tests for continuous variables.
We conducted multinomial logistic regression procedures to
identify characteristics associated with reports of clinical
features of HUDs and respondents’ category of diagnoses,
using SUDAAN software41 for the analyses. All estimates
presented here are weighted except for sample sizes, which
are unweighted.

RESULTS

Overall, 1.4% (N = 1,341) of all adults reported use
of at least one type of hallucinogen in the past year.
Approximately 50% of all past-year hallucinogen users
(0.7% of all adults) used MDMA during this period. The
demographic characteristics of MDMA users (N = 652)
generally resembled those of other hallucinogen users (N =
689; see Table 1). The majority of past-year MDMA users
and other hallucinogen users were male (65% vs. 72%),
aged 18–25 (64% vs. 73%), white (73% vs. 83%), had
attended college (47% vs. 53%), were employed (72% vs.
76%), had never been married (79% vs. 83%), had an annual
family income under $40,000 (56% vs. 60%), and resided
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TABLE 1. Selected demographic characteristics of past-year MDMA and other hallucinogen users aged 18 and older
(unweighted N = 1,341)

Proportion, column % MDMA users n = 652 Other hallucinogen users n = 689

Sex
Male 64.7 71.9
Female 35.3 28.9

Age group in years
18–25 64.1 72.8
26–34 23.3 15.9
35 or older 12.6 11.2

Race/ethnicity
White, non-Hispanic 72.9 83.0‡

African American 11.3 2.9
American Indian or Alaska Native 0.7 2.4
Asian, Pacific Islander, or Native Hawaiian 2.7 1.2
Multiple race or ethnicity 2.0 1.1
Hispanic 10.5 9.4

Educational level
Less than high school 19.0 19.2
High school graduate 33.8 28.4
College or more 47.2 52.5

Employment status
Not employed or not in the work force 20.0 14.0
Unemployed or laid off 8.2 9.7
Employed 71.8 76.3

Current marital status
Never been married 78.9 82.7
Separated, divorced, or widowed 9.5 4.8
Married 11.6 12.5

Family income
$0–$19,999 31.3 33.5
$20,000–$39,999 24.5 26.1
$40,000–$74,999 23.3 21.2
$75,000+ 20.9 19.2

Population density
Large metro areas 59.7 44.6∗

Small metro areas 37.2 49.8
Non-metro areas 3.1 5.6

χ2 test for hallucinogen use and each demographic variable: ∗p ≤ 0.01; ‡p ≤ 0.001.

in metropolitan areas (97% vs. 94%). MDMA users differed
slightly from other hallucinogen users. Higher proportions
of MDMA users identified themselves as African Americans
(11% vs. 3%) and lived in large metropolitan areas (60% vs.
45%).

Patterns of Hallucinogen Use
Among past-year MDMA users, 12% reported LSD use

and 3% reported PCP use in the past year. MDMA users
reported lifetime consumption of more types of hallucinogens
than other hallucinogen users (2.8 [SE = 0.12] vs. 2.2 [SE =
0.09] types). The majority of MDMA (56%) and other

hallucinogen (72%) users had used hallucinogens on fewer
than six days in the last year, and 10% of MDMA users and 7%
of other hallucinogen users had used hallucinogens on 6–11
days. MDMA users were more likely than other hallucinogen
users to use hallucinogens on 12 or more days (34% vs.
22%).

There were no differences between groups in age of first
use of any hallucinogen (mean: 18.6 years [SE = 0.36] vs.
18.2 years [SE = 0.29]). In each group, 53% reported first
use of any hallucinogen at adulthood (age 18 or older). Most
past-year MDMA users (76%) also first used MDMA at
adulthood.
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FIGURE 1. Prevalence of DSM-IV hallucinogen abuse or dependence symptoms among past-year hallucinogen users aged 18 and older in
the 2005 NSDUH (unweighted N = 1,341).

Symptom Profile of Hallucinogen Users
The symptom profile of MDMA users resembled that of

other hallucinogen users (see Figure 1). “Spending a lot of
time using or getting over the effects of hallucinogens” and
“tolerance” were two symptoms commonly presented by users;
each was reported by approximately 10% of MDMA users and
6–7% of other hallucinogen users.

There was a very low prevalence of reports of symptoms
related to “having trouble with the law because of hallucinogen
use” (less than 1% of hallucinogen users). The only clinical
symptom that distinguished the groups was “continued hal-
lucinogen use despite having emotional or health problems,”
which was slightly more common among MDMA users (5%
vs. 2%).

HUD Prevalence
The prevalence of HUDs among all respondents was fairly

low; 0.07% met criteria for abuse and 0.04% for dependence.

However, symptoms of HUDs were common in the subsample
of respondents who reported hallucinogen use in the past year:
20% of MDMA users and 16% of other hallucinogen users
reported one or more symptoms of HUDs.

As shown in Table 2, we classified respondents reporting
any HUD symptoms into three groups:

1. hallucinogen abuse without a dependence diagnosis
(4.9%),

2. subthreshold dependence (1–2 dependence criteria)
without abuse (10.3%), and

3. a dependence diagnosis regardless of abuse (2.9%).

Additionally, we relaxed the DSM-IV binary distinction
for abuse and dependence and examined the co-occurrence
of abuse and dependence. Of MDMA users, 3.3% met criteria
for both abuse and subthreshold dependence, 1.6% met criteria
for abuse only (without subthreshold dependence), 2.4% met
criteria for dependence with abuse symptoms, and 1.2% met

TABLE 2. Prevalence of past-year DSM-IV hallucinogen use disorders among past-year hallucinogen users aged 18 and older
(unweighted N= 1,341)

Hallucinogen use disorder Abuse Subthreshold dependence Dependence

With Without Without With Without
subthreshold subthreshold symptoms symptoms symptoms

Type of disorder dependence dependence of abuse of abuse of abuse

Prevalence, % (SE)
Overall 3.3 (0.76) 1.6 (0.49) 10.3 (1.13) 2.1 (0.67) 0.8 (0.28)
MDMA users 3.3 (0.87) 1.6 (0.85) 11.9 (1.73) 2.4 (0.89) 1.2 (0.47)
Other hallucinogen users 3.3 (1.21) 1.6 (0.55) 8.7 (1.72) 1.8 (0.81) 0.4 (0.30)

χ2 test for MDMA users vs. other hallucinogen users: none was significant.
Abbreviation: SE = standard error.
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criteria for dependence only (ie, no concomitant symptoms
of abuse). The majority of MDMA users (67%; 3.3% out of
4.9%) with hallucinogen abuse also exhibited subthreshold
dependence, and the majority of them (67%; 2.4% out of
3.6%) with hallucinogen dependence also reported abuse
symptoms. A similar pattern was found among users of other
hallucinogens.

Number of Criterion Symptoms by Diagnosis
Among MDMA users, the abuse-only group and the

subthreshold dependence-only group, on average, reported
one symptom (see Table 3); and the abuse with subthreshold
dependence group reported a mean of 2.9 symptoms, a
number similar to the dependence only group (3.6 symptoms).
MDMA users who were classified as dependent and who also
manifested symptoms of abuse had the highest mean number
(6.4) of symptoms. A similar pattern was also observed among
users of other hallucinogens.

Correlates of DSM-IV Hallucinogen Abuse,
Subthreshold Dependence, and Dependence

Table 4 summarizes results from multinomial logistic
regression of correlates of hallucinogen abuse (without de-
pendence), subthreshold dependence (without abuse), and
dependence (regardless of abuse) based on the DSM-IV
classification. The odds of being in a category of diagnosis
were each compared with hallucinogen users without any
HUD symptoms. Because of the low prevalence of abuse and
dependence, we conducted these analyses on all hallucinogen
users and included a binary covariate indicating the type of
hallucinogens used (MDMA vs. other hallucinogens), which
was found to be unassociated with any of the three diagnostic
categories examined. We included all covariates found to be
significant from bivariate analyses in the adjusted model (see
Table 4).

Abuse
As compared with others (Native Americans,

Asians/Pacific Islanders/Native Hawaiians, and multiple
race/ethnicity), whites were less likely to abuse hallucinogens.
Past-year use of hallucinogens on 12 to 51 days, past-year
marijuana use disorder, past-year STD, and past-year ED
admission were all associated with increased odds of abuse.
For example, hallucinogen users with a past-year STD were
eight times more likely than those without an STD to meet
criteria for abuse.

Subthreshold Dependence
Family income under $75,000, past-year major depressive

episodes, past-year marijuana use disorder, and past-year
STD were associated with increased odds of subthreshold
dependence. On the other hand, the experimental use of
hallucinogens (fewer than six days in the previous year)
and past-year arrest were associated with decreased odds of
subthreshold dependence.

Dependence
Use of hallucinogens on 12 or more days in the past year,

past-year major depressive episodes, and past-year marijuana
use disorder were associated with increased odds of depen-
dence, whereas a family income under $20,000 compared with
a family income $75,000 or more was associated with reduced
odds of dependence.

DISCUSSION

This study examined specific diagnostic patterns and char-
acteristics of HUDs among past-year or active hallucinogen
users in a large, nationally representative sample. An estimated
1.4% of non-institutionalized American adults had used
hallucinogens in the past year, and approximately half of
them had used MDMA in the past year. The prevalence of
past-year HUDs among all respondents was fairly low (less

TABLE 3. Mean number of the ten DSM-IV hallucinogen abuse or dependence symptoms endorsed by past-year hallucinogen users aged
18 and older, by category of diagnosis (unweighted N = 1,341)

Hallucinogen use disorder Adults Adults with Adults
with abuse subthreshold dependence with dependence

With Without Without With Without
subthreshold subthreshold symptoms symptoms symptoms

Type of disorder dependence dependence of abuse of abuse of abuse

Unweighted n 46 19 139 28 14
Mean number of 10 DSM-IV symptoms (SE)

Overall 2.7 (0.18) 1.1 (0.08) 1.1 (0.03) 6.1 (0.39) 3.4 (0.21)
MDMA users 2.9 (0.24) 1.0 (0.00) 1.1 (0.04) 6.4 (0.40) 3.6 (0.24)
Other hallucinogen users 2.4 (0.18) 1.1 (0.15) 1.1 (0.04) 5.6 (0.54) 3.0 (0.00)

T test for MDMA users vs. other hallucinogen users: none was significant.
Abbreviation: SE = standard error.
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TABLE 4. Multinominal logistic regression analysis of past-year hallucinogen use disorder among past-year hallucinogen users
aged 18 and older (unweighted N = 1,341)

Subthreshold Dependence
Adjusted odds ratios (ORs) and Abuse without dependence regardless
95% confidence intervals (CIs)|| dependence# without abuse# of abuse#

Age (vs. 26–34 years)
18–25 1.0 (0.33 – 2.92) 0.8 (0.40 – 1.45) 5.7 (0.97 – 33.38)†

35 or older 1.4 (0.26 – 7.28) 0.1 (0.01 – 2.19) 0.2 (0.01 – 3.92)
Race/ethnicity (vs. White)

African American 1.5 (0.49 – 4.56) 0.4 (0.11 – 1.52) 1.6 (0.41 – 6.05)
Hispanic 1.6 (0.59 – 4.17) 0.6 (0.31 – 1.30) 1.2 (0.18 – 8.72)
Other 6.9 (1.97 – 24.31)‡ 2.3 (0.89 – 5.71)† 1.1 (0.17 – 7.68)

Family income (vs. $75,000+)
$0–$19,999 0.5 (0.21 – 1.24) 2.8 (1.45 – 5.40)‡ 0.3 (0.09–0.91)∗

$20,000–$39,999 0.8 (0.31 – 2.00) 3.4 (1.07 – 5.22)∗ 0.5 (0.12 – 2.45)
$40,000–$74,999 0.8 (0.31 – 2.00) 3.9 (1.95 – 7.76)‡ 1.8 (0.52 – 5.82)

Number of days using hallucinogens (vs. 6–11 days)
1–5 1.8 (0.42 – 7.75) 0.3 (0.13 – 0.73)‡ 0.1 (0.02 – 0.69)∗

12–51 6.0 (1.50 – 24.09)‡ 1.6 (0.64 – 4.18) 6.7 (2.19 – 20.74)‡

52 or more days 4.3 (0.96 – 19.97)† 1.6 (0.53 – 4.99) 7.4 (1.20 – 45.15)∗

Age of first hallucinogen use (vs. Age 18 or older)
Age 17 or younger 1.8 (0.95 – 3.33)† 1.5 (0.83 – 2.53) 1.1 (0.38 – 2.96)

Major depressive episode (vs. No)
Yes 1.7 (0.78 – 3.78) 4.2 (2.42 – 7.41)§ 4.4 (1.70 – 11.41)‡

Booked/arrested (vs. No)
Yes 0.9 (0.41 – 1.80) 0.3 (0.18 – 0.65)‡ 0.8 (0.34 – 1.89)

Marijuana use disorder (vs. No)
Yes 5.9 (2.69 – 12.82)§ 1.8 (0.98 – 3.47)† 2.6 (1.02 – 6.70)∗

Past-year STD (vs. No)
Yes 8.0 (1.88 – 34.03)‡ 4.1 (1.30 – 12.84)∗ 1.2 (0.13 – 10.23)

Past-year ED treatment (vs. No)
Yes 2.2 (1.19 – 3.95)∗ 1.2 (0.64 – 2.05) 1.1 (0.45 – 2.48)

Characteristics tested but excluded from the adjusted model because they were not significant include sex, education, employment status, marital
status, population density, onset of MDMA use, type of hallucinogens used, anxiety, nicotine dependence, cocaine use disorder, alcohol use disorder,
and injection drug use.
∗p ≤ 0.05; †p < 0.09; ‡p ≤ 0.01; §p ≤ 0.001.
|The adjusted logistic regression model included variables listed in that specific column.
#The comparison group included hallucinogen users who did not report any symptoms of hallucinogen abuse or dependence.

than 1%). However, almost one-fifth of past-year hallucinogen
users reported at least one clinical feature of HUDs, serving as
a reminder of the importance in clinical settings of screening
hallucinogen users for HUD symptoms.

MDMA users generally resembled other hallucinogen
users in demographics: the majority of both groups were
young, white, male, employed, and educated. Patterns of
past-year HUDs among MDMA users also are similar to
other hallucinogen users. The only clinical feature that
distinguished the groups was that MDMA users were slightly
more likely to continue using hallucinogens despite emotional
or health problems, which may be related to MDMA’s po-
tential neuropsychological effects and MDMA users’ greater
involvement with hallucinogens. Consistent with the findings
of Cottler et al.,29 we found that “spent a lot of time getting

over the effects of hallucinogens” and “tolerance” were more
commonly endorsed symptoms than others.

The patterns of HUDs deserve attention. The DSM-IV21

assumes a severity continuum between abuse and dependence
and specifies a hierarchical distinction between them. Individ-
uals assigned to the “abuse” category must not meet criteria
for “dependence,” and abuse is often left unidentified among
individuals with dependence. Hence, little is known about
the co-occurrence of symptoms of abuse and dependence.
By relaxing this hierarchical assumption, we found that 72%
of adults with hallucinogen dependence also reported abuse
symptoms (2.1% out of 2.9%). These users, who can be
considered a subgroup with the most severe hallucinogen
use problems, reported six criteria symptoms on average and
accounted for 2.1% of all users. Additionally, 33% and 18%
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of MDMA and other hallucinogen users with dependence,
respectively, did not report any abuse symptoms. Hence,
studies of drug use disorders and clinical practices that use
the presence of abuse as a screening method to identify cases
of drug dependence may miss dependent cases.42

Two-thirds of MDMA or other hallucinogen users with
abuse (3.3% out of 4.9%) also reported 1–2 dependence
criteria and, on average, reported 2.7 symptoms. Given that this
abuse group (3.3%) is as prevalent as the whole dependence
group (2.9%), further attention should be paid to determining
appropriate clinical courses and treatment needs among
MDMA or other hallucinogen abusers with subthreshold
dependence. We also found a comparatively large proportion of
users who reported 1–2 dependence criteria and did not belong
to a DSM-IV diagnosis (12% and 9% of past-year MDMA
and other hallucinogen users). These “diagnostic orphans”
reported, on average, a similar number of symptoms (one)
as the abuse only group. Data from this study cannot address
whether diagnostic orphans are at an early stage of dependence
or represent a distinct, less severe subgroup of hallucinogen
users. However, consistent with previous findings concerning
diagnostic orphans pertinent to marijuana users,31 an exclusive
reliance by clinicians on diagnoses consistent with the DSM-
IV would overlook hallucinogen users who perceive problems
associated with hallucinogen use (ie, those with one or two
symptoms of dependence). Together, our results support the
utility of integrating dimensional and categorical diagnostic
criteria for classifying substance use disorders in the upcoming
DSM-V.43

In this sample, HUDs are linked with increased days
of hallucinogen use but are unassociated with age of
initial hallucinogen use. Prior studies have suggested that
MDMA/hallucinogen users are likely to use other drugs as
well.20,26,44 We found that past-year marijuana use disorder
was associated with hallucinogen abuse and dependence,
suggesting concurrent abuse of these substances. In contrast,
past-year tobacco, cocaine, and alcohol use disorders did not
distinguish hallucinogen users by diagnosis. The association
of past-year STDs with abuse and subthreshold dependence is
also noteworthy, and it supports prior findings that suggest the
co-occurrences of MDMA/hallucinogen use and risky sexual
behaviors.18,20

Further, DSM-IV abuse criteria reflect consequences of
drug use, while dependence criteria capture behavioral and
physiological symptoms of use. We found that the abuse
group had increased odds of past-year ED admissions and
that the two dependence groups had increased odds of man-
ifesting major depressive episodes, which were independent
of the influence of a past-year marijuana use disorder. It
should be noted that the association between MDMA use
and depression is influenced by multiple factors, including
MDMA’s neurotoxic effects, self-medication of negative
affect, effects of other substance abuse, and preexisting
psychopathology.45–48

Many adult MDMA and other hallucinogen users may
believe that they suffered no adverse effects from their use.

Less than 1% reported having gotten into trouble with law due
to their hallucinogen use, and only about 1.3% reported being
unable to reduce use. Hendrickson and Gerstein49 found that
MDMA users were less likely to be arrested for violent crimes,
but more likely to be arrested for crimes related to the sale of
drugs other than MDMA. This observation may also be related
to the nature of our sample as incarcerated individuals are not
covered by the NSDUH.

Finally, we found some variations in HUDs by race/
ethnicity and family income. By disaggregating the “other”
race/ethnicity category, we found a higher prevalence of
hallucinogen abuse among Asians/Pacific Islanders/Native
Hawaiians (23.8%) and members of multiple race/ethnicity
(11.0%) compared with whites (4.1%). Hallucinogen users
in the highest level of family income had lower odds of
subthreshold dependence than those in the lower levels of
family income. However, abuse was unassociated with the
level of family income, and those in the highest level of
family income had higher odds of dependence than those in the
lowest level. These findings suggest that abuse, subthreshold
dependence, and dependence appear to have affected different
subgroups of hallucinogen users.

Limitations and Strengths
Our findings should be interpreted with caution. First,

due to the NSDUH’s cross-sectional design, causality cannot
be inferred from our findings. Second, the survey relies on
respondents’ self-reports, and is subject to biases associated
with memory errors and social desirability (unwillingness to
disclose drug use), and older adults may be more likely than
younger ones to be affected by memory errors. Underreports
of drug use have been noted in household surveys.50

Third, individuals who were institutionalized or homeless
at the time of the survey were not included, and those
who suffered severe consequences from hallucinogen use
(cognitive or psychiatric disorders) might not have been
domiciled or been otherwise unable to participate.

Fourth, diagnoses of HUDs and other disorders were
assessed by standardized questions administered by trained
interviewers and were not validated by clinicians. In addition,
the hallucinogen category includes various substances that
act on cognition and sensation through multiple mechanisms,
thus making broad conclusions about their adverse effects
challenging. Finally, like other large surveys, the NSDUH
does not collect data on the cumulative dosage and purity
of MDMA tablets taken by users. MDMA-induced psychi-
atric consequences are influenced by dosage taken.51 Bogus
MDMA tablets (eg, ketamine, LSD, methamphetamine, para-
methoxyamphetamine, and dextromethorphan) also affect
drug use behaviors and consequences.52,53 Parrott53 reviewed
the literature and concluded that problems related to the purity
of MDMA were salient during the 1990s and that by the early
2000s, high-dose MDMA tablets were more common.

In addition to these limitations, the NSDUH dataset has
noteworthy strengths. The sample is representative of the
non-institutionalized adult population in the United States.
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The NSDUH is currently the largest population-based survey
in the United States and yields the largest sample of past-
year or active adult MDMA and other hallucinogen users.
Additionally, the survey’s ACASI methodology increases
respondents’ reporting of socially stigmatized or sensitive drug
use behaviors.33

Implications and Conclusions
We identified several subgroups of hallucinogen users

who reported symptoms of HUDs: abuse only, subthreshold
dependence only, abuse in conjunction with subthreshold
dependence, dependence only, and dependence in conjunction
with abuse symptoms. These findings suggest heterogeneity
among past-year MDMA/hallucinogen users. In addition to
relying on DSM-IV classifications, a compilation of all symp-
toms may better describe the severity of problems resulting
from hallucinogen use. The exclusive reliance on DSM-IV
definitions may overlook a group of “diagnostic orphans” who
could benefit from early interventions. Diagnostic orphans
of hallucinogen users had increased odds of past-year STDs
and major depressive episodes, and they warrant future
study.

Finally, 2.4% of past-year MDMA users exhibited serious
dependence, reporting an average of 6.4 criteria symptoms.
Repeated MDMA use is of concern, given the likely con-
sequences of neuronal damage, memory impairment, and
psychiatric disorders.11–14 The most recent national survey
reveals an increase of MDMA use among young American
adults.1 Clearly, effective focused prevention and treatment
interventions are needed to target at-risk subgroups in order to
reduce MDMA use and its clinical consequences.
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