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Aim: This study applied both item response theory (IRT) and multiple indicators–multiple causes (MIMIC)
methods to evaluate item-level psychometric properties of diagnostic questions for hallucinogen use
disorders (HUDs), differential item functioning (DIF), and predictors of latent HUD.
Methods: Data were drawn from 2004–2006 National Surveys on Drug Use and Health. Analyses were based
on 1548 past-year hallucinogen users aged 12–17 years. Substance use and symptoms were assessed by

audio computer-assisted self-interviewing methods.
Results: Abuse and dependence criteria empirically were arrayed along a single continuum of severity. All
abuse criteria indicated middle-to-high severity on the IRT-defined HUD continuum, while dependence
criteria captured a wider range from the lowest (tolerance and time spent) to the highest (taking larger
amounts and inability to cut down) severity levels. There was indication of DIF by hallucinogen users' age,
gender, race/ethnicity, and ecstasy use status. Adjusting for DIF, ecstasy users (vs. non-ecstasy hallucinogen
users), females (vs. males), and whites (vs. Hispanics) exhibited increased odds of HUD.
Conclusions: Symptoms of hallucinogen abuse and dependence empirically do not reflect two discrete
conditions in adolescents. Trends and problems related to hallucinogen use among girls and whites should
be examined further to inform the designs of effective gender-appropriate and culturally sensitive
prevention programs.

© 2009 Elsevier Ltd. All rights reserved.
1. Introduction

According to Diagnostic and Statistical Manual of Mental Disorders
(DSM)-IV, hallucinogens comprise hallucinogenic substances (e.g.,
lysergic acid diethylamide [LSD], peyote, mescaline, and psilocybin)
and ecstasy (MDMA: 3,4-methylenedioxymethamphetamine) (Amer-
ican Psychiatric Association [APA], 2000). Ecstasy, a hallucinogen
stimulant, is among the most prevalent emerging drugs used by
adolescents (Wu, Schlenger, & Galvin, 2006), but because its use
became prevalent after publication of DSM-IV (APA, 1994), little
information exists concerning its classification (Crowley, 2006).

Generally speaking, psychometric data for hallucinogen use disorder
(HUD) criteria in adolescents are lacking. According to DSM-IV (APA,
2000), only individualsnotmeeting criteria for dependence are assigned
an abuse diagnosis, and dependence is generally considered to bemore
severe than abuse. However, studies applying item response theory
(IRT) modeling to alcohol, marijuana, and opioid use disorders have
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suggested that criteria for dependence and abuse empirically constitute
a single dimensional construct, not two discrete conditions (Hartman
et al., 2008; Gelhorn et al., 2008;Martin, Chung, Kirisci, & Langenbucher,
2006; Wu, Ringwalt, et al., 2009).

Another area with critical implications for DSM-V concerns
differential item functioning (DIF) in the assessment and analysis of
self-reported diagnoses (Wu, Ringwalt, et al., 2009; Wu, Pan, et al.,
2009). DIF occurs when, equating the overall level of a measured
condition, drug users respond differentially to diagnostic questions
across groups (Wu, Ringwalt, et al., 2009). DIF may distort the group
comparison of a diagnosis because observed differences may be
affected by different interpretation and reporting of symptoms across
subgroups (different item threshold), not true differences (Wu,
Ringwalt, et al., 2009). Hence, evaluating DIF for diagnostic criteria
is fundamental to developing less biased estimates for a diagnosis.

Studies typically rely on IRT methods alone to examine psychometric
properties of diagnostic questions (Hartman et al., 2008; Gelhorn et al.,
2008; Martin et al., 2006). This study applies both IRT and MIMIC
(multiple indicators–multiple causes) to enhance the investigation.
MIMICmodeling incorporates themeasurement componentofdiagnostic
items with a structural equation component into an integrated model
(Wu, Ringwalt, et al., 2009). It not only detects DIF of diagnostic criteria
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for demographic variables while controlling for the overall level of HUD,
but alsoexaminespredictorsofHUD. In response to theneed for empirical
data regarding HUD diagnoses for DSM-V (APA, 2009), we apply IRT
analysis to evaluate item-level psychometric properties (unidimension-
ality, item severity, and item discrimination) of HUD criteria and use
MIMICprocedures to identify predictors ofHUDwhile taking intoaccount
both measurement errors (DIF) and demographic variables. We also
investigate whether ecstasy users have increased odds of HUD as
suggested by recent studies (Stone, Storr, & Anthony, 2006).

2. Methods

2.1. Study sample

This study examined public-use data from adolescents in the
2004–2006 National Surveys on Drug Use and Health (NSDUH)
(Substance Abuse and Mental Health Services Administration
[SAMHSA], 2005, 2006, 2007). NSDUH is an ongoing survey providing
population estimates of substance use and disorders in the U.S. Its
sampling frame covers approximately 98% of the total population
aged ≥12 years and uses multistage area probability sampling
methods to select a representative sample of the civilian non-
institutionalized population. Participants were interviewed privately
at their places of residence. NSDUH employs a combination of
computer-assisted personal interviewing and audio computer-
assisted self-interviewing methodologies to increase the accuracy of
participants' reports of substance use behaviors (Turner et al., 1998).
Weighted response rates for adolescents ranged from 85 to 88%.

Therewasnoyearly variation in thedistributions of adolescents' age,
gender, and race/ethnicity. In this combined sample (N=55,286), 49%
were female and 39% were nonwhite. This study focused on past-year
hallucinogen users (2.7% of all adolescents), and 3years of the datawere
combined to increase statistical power. Of all hallucinogen users
(N=1548), 45% used ecstasy.

2.2. Study variables

Socioeconomic variables included age, gender, race/ethnicity, and
total family income (Wu et al., 2006). The survey assessed hallucino-
gen use (ecstasy/MDMA, LSD, phencyclidine, peyote, mescaline, and
psilocybin), age of first hallucinogen use, and the number of days using
hallucinogens in the past year (Wu, Ringwalt, Mannelli, & Patkar,
2008). Consistent with DSM-IV's definition for hallucinogens (APA,
2000), we excluded users of phencyclidine only (N=37). Hallucino-
gen use was categorized into ecstasy use (regardless of use of other
hallucinogens) and non-ecstasy hallucinogen use (Wu et al., 2008).

Past-year DSM-IV HUDs were assessed by standardized questions
(APA, 2000; Wu et al., 2008). Abuse criteria included: (A1) serious
problems at home, work, or school; (A2) regular consumption that
put the user in physical danger; (A3) repeated use that led to trouble
with the law; and (A4) problems with family or friends caused by
continued use. Six dependence criteria were assessed: (D1) tolerance;
(D2) more frequent use than intended or inability to maintain limits
on use; (D3) inability to reduce or stop use; (D4) spending a great deal
of time over a period of a month using or getting over the effects of the
hallucinogens; (D5) reduced involvement or participation in impor-
tant activities because of use; (D6) continued use despite related
problems with emotions, nerves, or mental or physical health.
“Withdrawal” was not specified as necessary for hallucinogen
dependence by DSM-IV (APA, 2000) and was not assessed.

2.3. Data analysis

Factor, IRT, and MIMIC analyses with complex survey procedures
(Muthén & Muthén, 2007) were conducted among past-year halluci-
nogen users (N=1548). Factor analysis of binary data examined IRT's
assumption of unidimensionality (Embretson & Reise, 2000). The scree
plot of eigenvalues (Cattell, 1996) and the ratio of the first to the second
eigenvalue assessed evidence of unidimensionality for IRT modeling
(Wu, Ringwalt, et al., 2009).

A two-parameter normal ogive IRT model examined the relation-
ship between hallucinogen users' response to each item and their
level on the IRT-defined latent HUD severity (measured by the 10
criteria), which is described by a monotonically increasing S-shaped
item characteristic curve (ICC) (Embretson & Reise, 2000). An ICC is
characterized by item severity and discrimination parameters. An
item severity (threshold) parameter indicates the position of the ICC
in relation to the latent continuum. A severity parameter represents
the location along the latent HUD continuum, in which a user has a
50% probability for endorsing an item. Higher severity values indicate
that the item is associated with a high HUD severity. A discrimination
parameter measures the degree of precision with which an item
distinguishes among hallucinogen users with levels of HUD severity
above and below the item's severity levels. A low discrimination value
suggests the item is unrelated to the underlying construct or is poorly
defined (Baker, 2001).

Finally, MIMIC modeling examined DIF (by gender, age, race/
ethnicity, and ecstasy use status) and predictors of HUD. It includes
the measurement part of the 10 HUD criteria (the latent HUD), the
regression part of the latent HUD on covariates, and direct effects of
covariates on specific items (DIF). Age of first hallucinogen use and
number of days using hallucinogens were included as potential
predictors of HUD (Wu et al., 2008). Values of Tucker–Lewis index
(TLI) and comparative fit index (CFI) >0.95 and values of root mean
square error of approximation (RMSEA) <0.06 indicate an excellent
fit of the model to the data (Browne & Cudeck, 1993; Hu & Bentler,
1999). All results are weighted estimates except for sample sizes.

3. Results

3.1. Factor analysis

The scree plot and the ratio of the first eigenvalue to the second
(6.55/1.11=5.9) indicated a dominant single factor underlying the 10
HUD criteria. The one-factor model of the 10 criteria (CFI=0.971,
TLI=0.982, RMSEA=0.006) showed an excellent fit to the data
(CFI=0.971, TLI=0.982, RMSEA=0.006), as did the two-factor
model (CFI=0.976, TLI=0.985, RMSEA=0.005). The two-factor
model indicated that the abuse and dependence factors were highly
correlated (correlation coefficient=0.92). Together, they provided
evidence for a unidimensionality of the 10 criteria for IRT modeling.

3.2. IRT model (Fig. 1)

Of all items (severity parameters: 1.26–3.62), D2 (taking larger
amounts) and D3 (inability to cut down) were rarely endorsed (2%
among users) and represented the most severe levels on the HUD
continuum (shifted to right end in Fig. 1), followed by A3 (problems
with the law) and A4 (relationship problems). D1 (tolerance) and D4
(time spent) were located among the lowest severity levels. Except for
D2 (taking larger amounts) and D3 (inability to cut down) with low
discrimination values (<1.0), all other items exhibited comparatively
good-to-high discriminative power (discrimination: 1.17–2.23) in
distinguishing between users at a middle-to-high severity level of
HUD (severity: 1.32–2.15).

3.3. MIMIC model (Fig. 2)

TheMIMICmodel (Fig. 2) incorporates ameasurement component of
the 10 criteria (HUD), regression part of predictors for HUD, and DIF
(significant direct effects between demographic variables and HUD
items). Itfit thedataverywell (CFI=0.961, TLI=0.964, RMSEA=0.005).



Fig. 1. Item characteristic curves (ICCs) for criterion symptoms of hallucinogen use disorders among past-year hallucinogen users aged 12–17 years (N=1548). A1=role
interference; A2=hazardous use; A3=problems with the law; A4=relationship problems; D1=tolerance; D2=taking larger amounts; D3=inability to cut down; D4=time
spent; D5=giving up activities; D6=continued use despite resulting medical or psychological problems.

Fig. 2. The MIMIC model of hallucinogen use disorders among past-year hallucinogen users aged 12–17 years (N=1548). Regression coefficient (standard error); *P value<0.05.
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3.3.1. DIF
There was indication of DIF by age, gender, race/ethnicity, and

ecstasy use status. Controlling for the level of HUD, adolescents aged
16–17 years (vs. those aged 12–13 years) were less likely to endorse
role interference (regression coefficient, β=−0.38), females (vs.
males) were less likely to endorse hazardous use (β=−0.26), blacks
(vs. whites) were less likely to report time spent (β=−0.60),
Hispanics were more likely than whites to report hazardous use
(β=0.67) and tolerance (β=0.65), and ecstasy users were more
likely than non-ecstasy hallucinogen users to report tolerance
(β=0.28).

3.3.2. Predictors of HUD
Adjusting for DIF, female gender (vs. male: β=0.22), ecstasy use

(vs. use of other hallucinogens: β=0.36), and hallucinogen use on
12+ days (β=0.69) were associated with elevated odds of HUD.
Hispanic ethnicity was associated with reduced odds of HUD (vs.
whites: β=−0.55).

4. Discussion

Consistent with studies of adults (Gillespie, Neale, Prescott, Aggen,
& Kendler, 2007; Lynskey & Agrawal, 2007) and adolescents for other
substance use (Gelhorn et al., 2008; Hartman et al., 2008; Martin et al.,
2006; Wu, Ringwalt, et al., 2009), this first IRT analysis of HUD criteria
in adolescents provides support for a single dimensional construct
underlying abuse and dependence criteria. We expand on prior
research by applying MIMIC methods to document elevated odds of
HUD among ecstasy users, females, andwhites while holding constant
the influences of potential measurement errors (DIF) and the pattern
of hallucinogen use.

4.1. Item severity and discrimination

IRT results suggest that HUD criteria capture a relatively severe
subset of hallucinogen users (severity: 1.3–3.6 standardized units
above the mean). Therefore, adolescents are unlikely to report criteria
unless their HUD severity reaches a considerable level on the IRT-
defined HUD continuum. Lynskey and Agrawal (2007) found a slightly
lower range of severity (0.8–2.9) for adult hallucinogen users;
however, they examined lifetime HUD symptoms, while we analyzed
adolescents' past 12-month HUD symptoms as specified by DSM-IV.

All abuse criteria showed good discrimination (1.2–1.9) in dis-
tinguishing hallucinogen users (severity: 1.6–2.2). In contrast,
dependence criteria captured a wider range on the continuum
(severity: 1.3–3.6), and taking larger amounts and inability to cut
down were less reliable in distinguishing between hallucinogen users
(discrimination: 0.7–0.8). The latter may be explained by the very low
rate of adolescents endorsing them (2%). Adolescents also might not
use hallucinogens long enough to exhibit impaired control in
hallucinogen use (Koob & Le Moal, 2006).

4.2. Differential item functioning

Controlling for HUD severity, ecstasy users were more likely to
report tolerance than non-ecstasy hallucinogen users, suggesting a
lower threshold/severity of this item in ecstasy users. Ecstasy users
are often polysubstance users (Wu et al., 2006), and cross-tolerance to
multiple substances can occur (Parrott, 2004, 2005). Polysubstance
use might enhance ecstasy users' perceived tolerance to hallucinogen
use, or they may misattribute tolerance from other substance use to
hallucinogen use.

Additionally, controlling for HUD severity, females (vs. males)
exhibited reduced odds of endorsing hazardous use (high threshold
in females). Studies of alcohol and marijuana use disorders also found
females showing a high threshold of endorsing hazardous use (Agrawal
& Lynskey, 2007; Grant et al., 2007; Martin et al., 2006). Hazardous use
may be gender-biased in that females might be less likely to admit to
hazardous activities thanmales (Agrawal & Lynskey, 2007;Martin et al.,
2006). These findings underscore the need to evaluate whether
diagnostic questions or drug users' gender and cultural factors
contribute to different thresholds for reporting a given item.

4.3. Predictors of HUD

Stone et al. (2006) reported that ecstasy users had higher odds of
hallucinogen dependence than other hallucinogen users. MIMIC
modeling reveals a robust association between ecstasy use and HUD
by controlling for identified DIF, demographic characteristics, and
patterns of hallucinogen use. This findingmight be related to ecstasy's
combined hallucinogenic and stimulant effects due to elevated levels
of dopamine, serotonin, and noradrenaline in the brain (Clemens,
McGregor, Hunt, & Cornish, 2007). Finally, elevated odds of HUD
among females and whites indicate that hallucinogen use in these
populations should be studied further to inform the design of gender-
appropriate and culturally sensitive prevention programs.

4.4. Study limitations

These findings should be interpreted with caution. They cannot be
applied to a very small group of institutionalized or homeless
adolescents who are not included in the NSDUH. NSDUH also relies
on participants' self-reports, which are subject to memory errors or
underreporting (SAMHSA, 2007).

5. Conclusions

Study findings suggest that the hierarchical distinction between
hallucinogen abuse and dependence in adolescents is not fully
justified. The effects of wording and content of diagnostic questions
on the assessment of HUDs deserve research to ensure that diagnostic
questions are applicable to different gender and racial/ethnic groups.
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