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ABSTRACT. Objective: Inhalants are a serious public health concern
and a dangerous form of substance use. An important unresolved issue
in the inhalant literature concerns the validity of inhalant-use diagnoses
and the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, distinction between inhalant abuse and inhalant dependence.
To address these limitations and provide the foundation for helping
build stronger diagnostic and assessment tools related to inhalant prob-
lems, this study examined the dimensionality of the criteria set and the
abuse—dependence distinction using item response theory (IRT) analysis.
Method: This study used data from a survey of the population of Mis-
souri Division of Youth Services’ residents of the residential treatment
system. The current study focused on adolescents and young adults

who reported a lifetime history of inhalant use (N = 279). Results:
The results from the IRT analysis showed no consistent hierarchical
ordering of abuse and dependence criteria, providing strong evidence
against the abuse—dependence distinction. The abuse criterion of legal
problems associated with use represented the item with the highest level
of inhalant severity. The dependence criterion that was related to giving
up important social, occupational, or recreational activities provided the
most accurate discrimination between individuals at different levels of
severity. Conclusions: Inhalant-use disorders are best represented us-
ing a dimensional versus a categorical approach. IRT analysis provides
guidance for selecting criteria that can be useful for brief assessments
of inhalant-use problems. (J. Stud. Alcohol Drugs, 71, 607-614, 2010)

OR MANY YEARS, INHALANTS HAVE BEEN a

serious public health concern and among the most dan-
gerous forms of substance use (Dinwiddie, 1994, 1998).
Inhalants are associated with harmful outcomes that rival or
exceed those characteristic of other substances (Esmail et al.,
1992; Hormes et al., 1986). They disproportionately afflict
vulnerable subpopulations, including the poor, select minor-
ity groups, the mentally ill, and persons involved with the
juvenile and criminal justice systems (Mackesy-Amiti and
Fendrich, 1999; McBride et al., 1991). Inhalants can lead to
“sudden sniffing death” and serious accidents (El-Menyar et
al., 2005; Pfeiffer et al., 20006).

Recent survey evidence shows widespread use in the ado-
lescent population— approximately 16.1% of eighth graders
reported inhalant use, a rate that is slightly higher than the
rate of marijuana use among this group (15.7%; Johnston et
al., 2007). Other survey results show that more than half a
million youths ages 12-17 years reported past-year inhalant
use (Wu et al., 2004). Recent research also shows significant
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abuse liability associated with inhalants, with nearly 20% of
adults who used inhalants meeting lifetime criteria for inhal-
ant abuse or dependence (Wu and Howard, 2007).

Despite the prevalence and public significance of inhalant
use, inhalants are among the least studied of the major psy-
choactive substances (Balster, 1987; Balster, 1998; Hartman,
1998; Young et al., 1999). The general absence of knowledge
is reflected in the minimal description of inhalant-use dis-
orders in the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV; American Psychiatric
Association, 2000), vis-a-vis prevalence; course; subtypes;
comorbid medical and mental health conditions; and specific
age, gender, and sociodemographic features.

With the growth in epidemiologic studies of inhalants,
questions have been raised about the reliability and validity
of DSM-IV criteria for inhalant-use disorders (Ridenour
et al., 2007). An important unresolved issue concerns the
validity of the DSM-IV distinction between inhalant-abuse
and inhalant-dependence disorders. This issue is recognized
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in DSM-IV (American Psychiatric Association, 2000),
where generic substance-use disorder criteria are used in the
inhalant-use disorder criteria set but may not be appropriate.
Specifically, one generic substance-dependence criterion
assesses whether “a great deal of time is spent in activities
necessary to obtain the substance, use the substance, or
recover from its effects” (p. 197). However, it is unlikely
that inhalant users spend a great deal of time trying to
access inhalants, given their ubiquity in the physical
environment.

In a study of adolescent and young-adult inhalant users,
Ridenour et al. (2007) found low reliabilities of diagnoses
but better reliabilities for symptom counts and abuse diag-
noses, irrespective of whether an individual qualified for
dependence. Based on their findings, they emphasized the
importance of future research examining alternative con-
figurations of diagnostic criteria for inhalant-use disorders.
This underscores the need for analyses of the latent structure
of inhalant-use disorders, with careful attention to how each
criterion performs relative to what it is supposed to indicate.

At present, we are aware of only one study that exam-
ined the latent structure of DSM-IV disorders. Specifically,
Howard and Perron (2009) subjected DSM-IV inhalant-use
disorder criteria to identify subgroups of inhalant users.
Three groups were identified: (a) nonsymptomatic users, (b)
symptomatic users, and (c) highly symptomatic users. These
classes exhibited a graded relationship of severity that would
be expected with a distinction between abuse and depen-
dence. However, these empirically derived groups showed
only modest correspondence with classifications made using
DSM-1V diagnostic criteria and guidelines.

There have been recent studies of the latent structure
of the DSM-IV diagnostic criteria for other substance-use
disorders, such as alcohol-, cannabis-, and cocaine-use dis-
orders (Blanco et al., 2007; Compton et al., 2009; Flaherty,
2008; Gillespie et al., 2007; Langenbucher et al., 2004;
Martin et al., 2006; Muthén, 2006; Saha et al., 2006, 2007).
These studies are important because they help address the
validity of diagnoses and disorders, which provides the nec-
essary conditions for developing effective assessment and
treatments. The results of Howard and Perron (2009) and the
long-standing controversy regarding the abuse—dependence
distinction (Hasin and Paykin, 1999; Lopez et al., 2007)
suggest the need for empirical investigation of inhalant-use
disorders, particularly viewing the disorder on a single con-
tinuum of severity.

The purpose of this study was to examine the construct
validity of inhalant-use disorders using item response theory
(IRT), with focused attention to the abuse—dependence dis-
tinction. /RT refers to a set of generalized linear models and
related statistical procedures that relate a person’s observed
survey responses to an unmeasured underlying or /atent trait
(Hays, 2000). By using IRT, we sought to identify where
on the continuum of severity each inhalant-related criterion

is located (i.e., item severity) and the extent to which the
items distinguished individuals based on severity (i.e., item
discrimination). This study is an important advancement in
understanding the validity of DSM-IV inhalant-use disorders
and represents the first IRT analysis of the inhalant-use dis-
order criteria set.

Method
Sampling frame and recruitment approach

Findings from the present study come from a survey
of the population of Missouri Division of Youth Services’
(MDYS) residents of the residential treatment system.
MDYS is the legal guardian of residents committed to its
care by the state’s 45 juvenile courts. The 723 adolescents
who completed the interview constituted 97.7 % of MDYS
residents at the time interviews were conducted and 55.0 %
of youths committed to MDY'S care in the prior year. Thus,
the survey was a virtual census of MDYS residents at the
time the study was undertaken, and it produced a large, rep-
resentative sample of MDY'S annual residents.

Participation in the study was voluntary. All youths
received an age-appropriate explanation of their privacy
rights and a copy of the Washington University brochure
“Your Privacy Matters,” as well as a copy of their signed
informed-assent agreement. Before participating in the study,
all youths were asked to read an informed-assent agreement,
raise any questions they had about the study, and then sign
the assent form if they felt that their questions had been an-
swered satisfactorily and if they had decided to participate.
The informed-assent form provided youths with detailed
information about the study and assured them that they were
not required to participate, that they could end participation
in the interview at any time, and that their legal status would
not be affected by their decision to participate or not partici-
pate in the study. The informed-assent form also provided
potential participants with the name and telephone number
of a nonstudy and non-university-affiliated advocate whom
they could call for more information about the study. As
legal guardian of the youths, MDYS provided formal permis-
sion for youths to participate in the study. MDYS agreed that
youths could use the telephone during business hours to call
the advocate, should they desire to do so, and youths were
informed of this agreement. The informed-assent form was
based on a template developed by the Washington University
Institutional Review Board and was specifically designed for
use with pediatric populations.

This study was approved by the MDYS Institutional
Review Board, Washington University Human Studies Com-
mittee Institutional Review Board (with prisoner representa-
tive and otherwise operating in accordance with governing
regulations for research on prisoners and youths), and the
federal Office of Human Research Protection (as required
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for research on prisoners) and was granted a Certificate of
Confidentiality by the National Institute on Drug Abuse. All
interviewers completed an intensive 8-hour training session,
and an interview editor was on site at each facility as ado-
lescents were interviewed to minimize interviewer omissions
and errors. Interviews were conducted in rooms with private
areas. Participants received $10.00 for their participation.

MDYS youths are representative of delinquent youths in
state-mandated care nationally with regard to age, gender,
and number of state youths in residential care per 100,000
adolescents. In 2000, 15.3 % of MDY residents were com-
mitted for minor “status” offenses (e.g., truancy), 32.4%
were committed for misdemeanors, 40.2 % were committed
for less serious felonies, and 12.1 % were committed for
more serious felonies.

Measures

Structured, face-to-face interviews of adolescents were
conducted using two assessments, the Volatile Solvent
Screening Inventory and the Comprehensive Solvent As-
sessment Interview (Howard et al., 2008). All participants
completed the Volatile Solvent Screening Inventory, which
assesses demographic characteristics, medical history, life-
time and past-year use of 55 volatile solvent inhalants, other
drug use and substance-related problems, current psychiat-
ric symptoms, suicidality, trauma history, antisocial traits,
and criminal activity. A description of the Volatile Solvent
Screening Inventory, its psychometrics, and a copy of the
instrument itself are available in Howard et al. (2008). Con-
sistent with DSM-IV diagnostic guidelines, nitrite vasodila-
tor and nitrous oxide use were not considered inhalant use
for the purposes of this investigation.

Youths who reported lifetime use of one or more volatile
solvents included in the Volatile Solvent Screening Inven-
tory also completed the Comprehensive Solvent Assessment
Interview (Howard et al., 2008). Items from the Diagnostic
Interview Schedule (Version IV) were included to assess
for the presence of DSM-IV inhalant-abuse and inhalant-
dependence disorders. The Diagnostic Interview Schedule
generally evidences good reliability for the assessment of
substance-use disorders (Atkan et al., 1997; Howard et al.,
2008) but we are unaware of any studies that examine the
psychometrics of the Diagnostic Interview Schedule items
specifically related to inhalants. Psychometric properties are
unavailable on the Volatile Solvent Screening Inventory and
the Comprehensive Solvent Assessment Interview. However,
prior research with this study sample also revealed graded
associations between the level of inhalant involvement (i.e.,
lifetime use without a disorder, lifetime abuse without de-
pendence, and lifetime abuse with or without dependence)
and other psychiatric and substance-use conditions (Freeden-
thal et al., 2007; Howard and Perron, 2009; Howard et al.,
2008; Perron and Howard, 2009).

Data analysis

Most applications of IRT assume unidimensionality
and local independence. Unidimensionality refers to only
one construct being measured by the scale items, and local
independence means that items are uncorrelated with each
other when the latent trait has been controlled for (Hays et
al., 2000). According to Hays et al. (2000), if the assumption
of unidimensionality holds, then only a single trait is influ-
encing item responses, and local independence is obtained.
Similar to prior studies employing IRT, this study tested a
unidimensional (i.e., single-factor) model using confirmatory
factor analysis. Given that the items used are dichotomous,
weighted least squares estimation methods were used be-
cause the assumptions for maximum likelihood estimation
could not be met.

The IRT model estimated in this study is a two-parameter
model, which includes severity and discrimination param-
eters (Saha et al., 2006). The severity parameter, also com-
monly referred to as the difficulty parameter in other studies
using IRT, describes how the criterion is associated with the
latent trait, based on the point on the latent continuum where
there is a 50% chance of the criterion being endorsed. Item
severity coefficients are in the metric of a standard distri-
bution with a mean of zero. The discrimination parameter
represents the extent to which the criterion can discriminate
people who are higher on the continuum versus those who
are lower (Saha et al., 2006). The constants for both item
severity and discrimination parameters were set at 1.0 (Em-
bretson and Reise, 2000).

To facilitate interpretation of the values, two different
types of curves were constructed: criterion response curves
and criterion information curves. Criterion response curves
are a visual representation of the severity and discrimination
parameters. Criteria associated with higher levels of sever-
ity are found further to the right on the X axis. The slope of
the criterion response curve indicates the criterion’s ability
to discriminate individuals along the latent continuum, with
steeper curves representing greater ability to discriminate.
Criterion information curves were constructed to summarize
the amount of information value for each criterion using
severity and discrimination parameters (Saha et al., 2006).
Curves with the highest peak represent the criterion that con-
veys the most information about the severity and discrimi-
nation of the criterion relative to the underlying continuum
examined.

Results
Sample characteristics
Regarding the sample of inhalant users in this study, ap-

proximately 75% (n = 209) were White, and 84% (n = 233)
were male. The mean age was 15.6 years (SD = 1.12). Thir-
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ty-nine percent (n = 107) reported that their family received
public assistance. We examined differences between inhalant
users and inhalant nonusers using chi-square and ¢ tests. No
differences were observed with respect to age, gender, and
family receipt of public assistance. However, inhalant use
was associated with urbanicity, }2(1) = 53.72, p < .001, with
a greater proportion of inhalant users living in small towns/
urban areas. Inhalant use also was more common among
White subjects versus non-White subjects, x2(1) = 131.83, p
<.001.

More than one third (38.6 %; n = 279) of the sample
reported lifetime inhalant use. The current study focused on
these youths. Among inhalant users, 62 (22.2%) met criteria
for lifetime inhalant abuse; 79 (28.3%) met criteria for inhal-
ant dependence; and 138 (49.5%) did not meet criteria for
inhalant abuse or dependence. Fifty-two subjects (18.6%)
were classified as “diagnostic orphans”—that is, meeting one
or two criteria for dependence but not meeting diagnostic
criteria for either inhalant abuse or dependence.

Prevalence of symptoms

Table 1 presents findings describing the prevalence of
each DSM-IV inhalant-abuse and inhalant-dependence
criterion among inhalant users. The most prevalent criterion
was recurrent inhalant use in situations in which it is physi-
cally hazardous. This abuse criterion was reported by more
than half of the adolescent inhalant users (54.5%). The most
prevalent dependence criterion was continued use despite
knowledge of physical or psychological problems, which

was reported by 53.0% of the sample. Recurrent substance-
related legal problems had the lowest rate of endorsement
(15.1%) of all the criteria. It should be noted that the preva-
lence for each symptom by diagnosis is reported in Howard
and Perron (2009).

Dimensionality

Factor analyses were used to test the assumption of
unidimensionality of inhalant symptoms. Confirmatory
factor analysis provided evidence for a one-factor solution.
Goodness of fit indices were within their expected range
(comparative fit index = .97, Tucker-Lewis index = .98, root
mean square error of approximation = .07). Factor loadings
for each criterion also are presented in Table 1. All factor
loadings were close to or exceeded the generally accepted
threshold of .70, with the exception of the dependence cri-
terion related to persistent desire or unsuccessful efforts to
cut down (D4; .63).

Item response theory model parameters

Criterion response curves for the 10 inhalant criteria
of abuse and dependence are presented in Figure 1. The
symptoms showed a range of discrimination and severity
values but did not suggest a clear distinction between the
DSM-1V inhalant-abuse and inhalant-dependence disorders.
Specifically, the symptoms were mixed in severity without
any clear pattern identifying less and more severe clusters of
symptoms.

TaBLE 1. Symptom prevalence, factor analysis and item response theory parameter results of DSM-IV inhalant abuse and dependence criteria
Symptom CFA
prevalence factor
Diagnostic criteria n (%) loadings  Discrimination  Severity
Abuse criteria
Al. Failure to fulfill major role
obligations 105 (37.6) .80 1.28 0.41
A2. Use in which it is physically
hazardous 152 (54.5) .69 0.84 -0.17
A3. Recurrent substance-related
legal problems 42 (15.1) .67 1.00 1.47
A4. Continued use despite having
persistent social or interpersonal
problems 59 (21.1) .82 1.37 1.00
Dependence criteria®
DI1. Tolerance 127 (45.5) .81 1.33 0.15
D3. Inhalant taken in larger amounts 127 (45.5) 75 1.12 0.16
D4. Persistent desire or unsuccessful
efforts to cut down 102 (36.6) .63 0.79 0.55
D5. Great deal of time spent to obtain, use,
or recover from inhalant effects 60 (21.5) 78 1.30 1.00
D6. Important social, occupational, or
recreational activities given up 60 (21.5) .87 1.93 0.90
D7. Continued use despite knowledge of
physical or psychological problems 148 (53.0) 72 1.04 -0.10

Notes: Overall N =279; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; CFA = confirmatory factor analysis.
4Withdrawal (criterion D2) is not part of the DSM-IV inhalant-dependence criteria set.
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Criterion response curves for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), inhalant-abuse and inhalant-

dependence criteria. Note: Withdrawal (Criterion D2) is not part of the DSM-IV inhalant-dependence criteria set.

Table 1 presents IRT model parameters for inhalant-abuse
and inhalant-dependence criteria. The severity parameter
represents the point on the latent contintum where there is
a 50% chance of respondents endorsing the criterion. Items
from the abuse criteria set exhibited the highest and lowest
severity parameters. The highest severity estimate was recur-
rent substance-related legal problems (A3; 1.47); the lowest
was use in physically hazardous situations (A2; -0.17). The
dependence criterion of spending a great deal of time obtain-
ing, using, or recovering from effects (D5) exhibited the high-
est severity estimate among all the dependence criteria (1.00).

The discrimination parameter indicates how well a crite-
rion discriminates subjects above the threshold from subjects
below the threshold. Discrimination values ranged from
0.84 to 1.93. The dependence criterion regarding giving up
important activities (D6) had the highest level of discrimina-
tion (1.93), which was substantially higher than the criterion
with the second highest value (1.37)—continued use despite
persistent social or interpersonal problems (A4). The depen-
dence criterion regarding a persistent desire or unsuccessful
efforts to cut down (D4) had the lowest level of discrimina-
tion (0.79). This item also exhibited the highest degree of
measurement error based on confirmatory factor analysis
results.

Criterion information functions were computed and

graphically depicted in Figure 2. These curves convey how
well each criterion is estimated across the entire inhalant
underlying continuum (Baker, 2001). As shown in Figure 2,
the dependence criterion regarding giving up activities (D6)
measured more precisely than any other criterion, evidenced
by the high peaked curve. No other criterion conveyed a
similar level of precision. Criteria with the lowest levels of
precision were use in hazardous situations (A2) and unsuc-
cessful efforts in cutting down (D4).

Discussion

To our knowledge, this is the first study that examined
criteria for inhalant-use disorders using a dimensional ap-
proach. A confirmatory factor analysis provided support for
a unidimensional model, which is consistent with literature
favoring a dimensional versus a categorical approach to
measuring substance-use disorders (Lopez et al., 2007).
Combined with the IRT analysis, study findings provide
support for a single, unitary construct of inhalant severity as
opposed to discrete abuse and dependence syndromes.

The most compelling support for reconsidering the abuse
and dependence distinction for inhalant-use disorders relates
to the ordering of the criteria on the severity continuum.
More specifically, legal problems (A3) was at the highest
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end of the severity continuum. This should have preceded the
dependence criteria if there was a valid distinction between
abuse and dependence. However, the severity of this item
may have been inflated because of the use of an incarcerated
sample—that is, respondents may not have viewed inhalants
as being associated with illegal behaviors relative to other
substances such as cannabis or cocaine. This is particularly
the case, given that inhalants are readily available and easy
to obtain. Two dependence criteria, use in larger amounts
(D3) and tolerance (D1), preceded social/interpersonal prob-
lems (A4) on the severity scale. The criterion response curve
for social/interpersonal problems (A4) was nearly identical
to the criterion response curve for time spent recovering
from inhalants (DS5). Thus, the overall pattern of ordering
on the severity continuum does not suggest a hierarchical
distinction between abuse and dependence.

Based on the criterion information curve, activities given
up was the criterion that conveyed the most information
about inhalant-use severity. Not surprisingly, it also had
the highest reliability estimate in the confirmatory factor
analysis. Therefore, this item might be usefully employed
in brief assessments of inhalant-related problems. After this
item, four other items were relatively high in the informa-
tion they conveyed. They included two abuse criteria, social
and interpersonal problems (A4) and roles neglected (Al);
and two dependence criteria, tolerance (D1) and time spent
recovering from inhalants (D5). These indicators, too, would
be candidate items for inclusion in brief assessments.

No real comparison studies exist, because this is the first
IRT analysis of inhalant-use disorder criteria. However, inter-
esting parallels with IRT analyses of other substances can be
made. For example, in an IRT analysis of cannabis-use disor-
der criteria with a community sample, Compton et al. (2009)
also found differential ordering of the abuse and dependence
criteria. Similar to the current study, Compton et al. (2009)
also found the abuse criterion of legal problems to be at the
highest end of the severity continuum and the abuse criterion
of hazardous use to be at the lowest end. Saha et al. (2006)
also found a mixed ordering of abuse and dependence crite-
ria, but criteria for highest severity were activities given up
(dependence criterion) and neglecting roles (abuse criterion).
Gillespie et al. (2007) conducted a comprehensive investiga-
tion of DSM-IV criteria for abuse and dependence separately
for cannabis, cocaine, hallucinogens, stimulants, and opioids.
This study, too, found that each class of substances is best
represented with a single underlying dimension of severity
as opposed to having an abuse and dependence distinction.
Moreover, this set of IRT analyses also revealed different
patterns of ordering with respect to the severity for the dif-
ferent abuse and dependence criteria.

Study limitations
Although this study has numerous strengths, most notably

the large sample of inhalant users and the use of structured
interview techniques, it is important that the study findings
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are interpreted in the context of limitations. Limitations of
this study include the self-report nature of the data. The
seminal study of Brown et al. (1992) shows that self-reports
are reliable and valid for cocaine, alcohol, and marijuana,
but the extent to which these results generalize to inhalants
remains limited. As described elsewhere, biochemical assays
are currently largely unavailable or infeasible for inhalant-
use assessment, and the reliability of the Diagnostic Inter-
view Schedule assessment of DSM-IV inhalant-use disorder
diagnostic criteria is uncertain (Howard and Perron, 2009).
Although the reliability and validity of inhalant-related
self-reports are limited in general, some important features
of this study build confidence in these areas. For example,
in this study subjects were queried on 55 volatile solvent
inhalants rather than relying on a single item as done in
other psychiatric epidemiologic surveys. The inhalant-related
research is underdeveloped compared with that for other
types of substances, and further research on the reliability
and validity of self-reports of inhalant use is needed.

Another limitation is that this study cannot place inhalant-
use disorders in the context of other DSM-IV substance-use
disorders or non-substance-related psychiatric disorders,
because these conditions were not assessed via structured
psychiatric interview in this inhalant-focused study. Ad-
ditionally, it is important to note that inhalants are the only
class of substances that is defined by the method of admin-
istration and not the composition of the substance (Balster et
al., 2009). It is possible that different inhalants and combina-
tions of inhalants used could be related to differential risks
for each substance-use disorder criterion.

Finally, the generalizability of these findings is potentially
limited. Specifically, this study included adolescents who
were incarcerated in the MDYS and thus do not generalize
to the general population of adolescents or adults. Also, in
accordance with the DSM-IV, we did not include nitrites as
an inhalant; therefore, it is unclear whether these findings
generalize to that type of substance.

Future directions

Advancing research on the assessment and diagnosis of
inhalants will require investigations of the abuse liability and
consequences of the most common types of inhalants, while
controlling for the use of other substances and psychiatric
conditions. In addition, future research needs to take into
consideration the role of inhalant withdrawal as an indica-
tor of inhalant-use severity. It is currently not part of the
DSM-IV criteria set for inhalant dependence, although Per-
ron and colleagues (Perron et al., 2009) reviewed evidence
contradicting the removal of withdrawal. Although empirical
efforts on classifying substance-use disorders from a di-
mensional point of view continue to grow in strength, ad-
ditional work—both theoretical and empirical—is needed
on how the dimensional system could be effectively applied

within the current system of care for the troublesome use of
substances.
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