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Abstract

Background: Approximately 40 million prescriptions were dispensed in the U.S. for asthma inhalers in 2006. Although the pervasive distribution
of asthma inhalers warrants greater attention to possible misuse of these products, few investigations have examined asthma inhaler misuse. The
purpose of this study was to describe the prevalence, correlates and consequences of asthma inhaler misuse among antisocial youth.
Method: A cross-sectional survey with face-to-face interviews assessing substance use, psychiatric symptoms, and antisocial behaviors among
adolescents (N = 723) in residential treatment.
Results: More than 26% (N = 193) of youth were diagnosed with asthma; 91.2% of asthmatic youth had received a prescription for an inhaler.
Of the 373 youth who had used a prescribed or non-prescribed asthma inhaler, 23.6% (N = 88) reported using an inhaler to get high (i.e., were
inhaler misusers). Asthma inhaler misusers had an earlier onset of antisocial conduct, significantly greater levels of current psychiatric distress and
lifetime suicidality, higher rates of lifetime substance use problems and volatile solvent abuse, and significantly higher levels of temperamental
impulsivity and fearlessness than did inhaler non-users or users. Caucasian racial status, current level of psychiatric distress, and lifetime volatile
solvent abuse significantly distinguished lifetime asthma inhaler users and misusers in multivariate logistic regression analyses. Asthma inhaler
misusers were significantly more likely to report euphoria, memory problems, slurred speech, blurred vision, confusion, dizziness, and a variety
of other acute reactions to asthma inhaler use than were asthma inhaler users.
Conclusions: Asthma inhaler misuse for the purposes of getting high was prevalent among antisocial youth, co-occurred with other psychiatric
and substance use problems, and was associated with adverse consequences.
© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Approximately 20 million U.S. residents suffer from asthma,
an often chronic lung condition leading to nearly 500,000 hos-
pitalizations and more than 4000 deaths annually (Akinbami,
2007). For most of the past quarter century, the prevalence and
incidence of asthma have increased annually (Mannino et al.,
2002; Rudd and Moorman, 2007), such that approximately 8%
of the general U.S. population is currently afflicted with the
disorder (Akinbami, 2007).

In 2006, nearly 40 million prescriptions for asthma inhalers
were dispensed and revenue from the sale of relief inhalers (i.e.,
those used to treat acute asthma attacks) approached half-a-
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billion dollars (IMS Intelligence, 2007). In excess of 29 million
prescriptions were dispensed for albuterol inhalers alone in
2006, making albuterol the 10th most dispensed pharmaceutical
product in the U.S. that year (IMS Intelligence, 2007).

Although the pervasive distribution of asthma inhalers in
the U.S. and elsewhere warrants greater attention to possible
misuse of these products, few investigations have examined
the prevalence, patterns, correlates, or consequences of asthma
inhaler misuse. Most studies heretofore published consist of case
reports. For example, Edwards and Holgate (1979) described the
case of a 24-year-old man who self-administered between 60 and
90 daily doses of a salbutamol (i.e., the International Nonpro-
prietary Name for albuterol, a !2-adrenergic receptor agonist),
inhaler noting that “he became dependent upon the inhalers and
tolerant of their effects and behaved in a way more reminiscent
of a drug abuser than that of a man distressed by asthma. He
frequently presented himself to his general practitioner saying

0376-8716/$ – see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.drugalcdep.2008.01.022

file://localhost/Users/vanessa_vitale/Downloads/dx.doi.org/10.1016/j.drugalcdep.2008.01.022
mailto:beperron@umich.edu


B.E. Perron, M.O. Howard / Drug and Alcohol Dependence 96 (2008) 22–29 23

that he had lost his prescription and requesting a repeat, while
showing minimal signs of bronchospasm” (p. 624).

Pratt (1982) presented two cases of salbutamol inhaler abuse.
Grand mal seizures associated with inhaler abuse were observed
in a 15-year-old girl and it was noted that “she had used
twenty inhalers in the previous year often with excessive daily
use, and was then persistently vociferous demanding salbuta-
mol” (p. 205). In the case of a 15-year-old boy, poor appetite,
fatigue, generalized disinterest, and false reports minimizing
extent of inhaler use were noted. Pratt (1982) observed, as have
other scholars in this area, that salbutamol and steroid asthma
inhalers contained fluorinated hydrocarbon propellants, making
it unclear whether it was the salbutamol or propellant hydrocar-
bons on which youth had become dependent. In this vein, Pratt
(1982) remarked that “no case of steroid inhaler dependence
seems to be recorded” (p. 208), raising the possibility that it
was the salbutamol (albuterol) and not the propellants on which
youth had become dependent.

Prasher and Corbett (1990) presented a case and reviewed
12 additional cases of salbutamol inhaler dependence reported
in eight earlier studies (Gluckman, 1974; Gaultier et al., 1976;
Kjellman, 1977; Brennan, 1983; Thompson et al., 1983; Raine,
1984; Slessor, 1984; O’Callaghan and Milner, 1988). Effects
of inhaler misuse described in these studies included aggres-
sion, acute psychosis, and use of inhalers to “self-medicate”
anxious or dysphoric mood states. More recently, case studies
of albuterol inhaler abuse by children have been reported in
the U.S. and associated with hypokalemia, hallucinations, and
other deleterious health and behavioral conditions (Schnapf and
Santeiro, 1994; Rakhmanina et al., 1998).

Boyd et al. (2004, 2006) reported the only efforts of which
we are aware to examine the prevalence and correlates of asthma
inhaler misuse. Boyd et al. (2004) surveyed 1723, 6th–11th
graders in one school district in the Detroit, Michigan area in
2002. Overall, nearly 11% of youth (15% of 8th/9th graders)
reported lifetime use of “someone else’s asthma inhaler.” Few
demographic factors distinguished inhaler misusers and non-
misusers. Significantly larger proportions of youth who had used
someone else’s asthma inhaler had smoked cigarettes or used
alcohol in the preceding month and used alcohol, marijuana,
“ecstasy” or cocaine in the prior year, compared to non-misusers
of asthma inhalers. Neither the frequency of nor motives for
non-prescribed asthma inhaler misuse were assessed. Further,
youth were not asked whether they had received a formal asthma
diagnosis from a physician or other health care provider or if
they had been prescribed asthma inhaler medication. Psychi-
atric and psychosocial correlates of asthma inhaler misuse were
not examined.

Boyd et al. (2006) conducted a similar survey of 1017,
5th–10th graders in 2003. Inhaler misuse was defined as any use
of an asthma inhaler for which the youth did not have a prescrip-
tion. Four groups of youths were identified in relation to asthma
inhaler use and misuse: (1) inhaler non-users (youth who had
never had a prescription for an inhaler and who reported never
misusing one); (2) inhaler users (youth who had received a pre-
scription for an inhaler and who reported never having misused
an inhaler; (3) inhaler users/misusers (youth who had received

a prescription for an asthma inhaler and who reported use of
an inhaler for which they did not have a prescription); and (4)
inhaler misusers (youth who had never received a prescription
for an asthma inhaler and who reported use of an inhaler for
which they did not have a prescription).

Few significant demographic differences between groups of
asthma inhaler non-users, users, and misusers were identified.
In general, both groups of inhaler misusers had significantly
higher rates of monthly cigarette, alcohol, and marijuana use,
and annual illicit drug use than inhaler non-users and users.
Some tendency was noted for the group of inhaler misusers to
show the highest levels of substance use. Logistic regression
analyses indicated that few factors were associated with life-
time or past year inhaler misuse, except for having received a
lifetime prescription for an asthma inhaler, which was strongly
associated with lifetime and past year inhaler misuse (odds ratios
(OR) = 8.0 and 7.2, respectively).

Presently, the specific effects motivating adolescent inhaler
misuse for the purposes of intoxication are unclear. Recent
reports have documented significantly elevated rates of depres-
sion, posttraumatic stress disorder, and other anxiety disorders
in persons with asthma (Goodwin et al., 2007). For example,
Katon et al. (2007) found that youth 11–17 with asthma had
a twofold increase in risk for anxiety or depressive disorders
compared to control youth. Girls, socioeconomically disadvan-
taged youth, and youth with relatively recent onset of asthma
were at especially high risk for comorbid asthma and psychi-
atric disorders. Thus, it is conceivable that asthmatic youth
may be self-medicating comorbid psychiatric disorders and that
intoxication may be a key determinant or “side effect” of such
self-medicating inhaler misuse. It is currently unclear whether
psychiatric disorders enhance risk for asthma, asthma raises risk
for psychiatric disorders, or both disorders share common risk
factors (Kuehn, 2008).

With regard to pharmacological actions, albuterol inhalers
are known to increase heart rate and blood pressure and there
are anecdotal reports of inhaler misuse for their stimulatory
effects (Martin et al., 1995) and for the purpose of weight
loss (American Academy of Allergy, Asthma, and Immunology,
2006).

Antisocial adolescents are a nearly ideal population in which
to study asthma inhaler misuse and abuse. Not only do they
constitute a large and important group in their own regard, such
youth also represent an enriched population for the study of high-
risk behaviors such as substance abuse. Findings from studies
of antisocial youth can also inform investigations of general
population youth samples. For example, Howard and Jenson
(1999) found that one-third of the state population of juvenile
probationers they studied had abused volatile solvent inhalants
such as gasoline and glue. More recent investigations, such as
that reported by Wu et al. (2004) have extended these findings
to the general U.S. population of 13–17-year-old, noting simi-
lar patterns and associations with use, but reporting a lifetime
prevalence rate of volatile solvent inhalation of approximately
9%.

Given the widespread diffusion of asthma inhalers in the U.S.
and many other nations, conspicuous dearth of current informa-
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tion regarding the etiology, epidemiology, and consequences of
asthma inhaler misuse, and potential public health and clinical
importance of these findings, this investigation (1) described the
prevalence and patterns of asthma inhaler misuse in a state pop-
ulation of antisocial youth known to be at high risk for substance
abuse generally and abuse of volatile solvent inhalants specif-
ically (Howard et al., 2007; Howard and Jenson, 1999; Wu et
al., 2004); (2) identified factors associated with asthma inhaler
misuse; and (3) examined the prevalence of various physical
and psychological reactions to acute asthma inhaler use/misuse
across groups of inhaler users and misusers.

2. Methods

2.1. Sample

Findings of the present study are based on a survey conducted in 2003 of
the population of current residents of the Missouri Division of Youth Services
(DYS). The Missouri DYS is the legal guardian of all residents who are com-
mitted to its care by the state’s 45 juvenile courts. Ten adolescents were on
furlough at the time of interviewing and 2 adolescents were transferred to another
DYS facility while interviewers were at the facility, but before they could be
interviewed. Of the 728 adolescents available to interview, all agreed to partici-
pate. However, 5 interviews were discontinued; 4 adolescents displayed signs or
reported symptoms of psychosis and one adolescent chose not to continue. The
723 adolescents who completed the interview constituted 97.7% of DYS resi-
dents at the time interviewing was conducted, 99.3% of residents available for
interviewing, and approximately 55.0% of adolescents committed to DYS care
in the prior year. Thus, the present study is virtually a census of the population of
DYS residents at the time the study was undertaken and a large, representative
sample of DYS annual residents.

Participation in the study was voluntary. Face-to-face interviews of ado-
lescents were conducted using a comprehensive assessment inventory. All
interviewers completed an intensive 1-day training session and an interview
editor was on-site at each facility as adolescents were interviewed to minimize
interviewer omissions and errors. DYS residents are under constant observa-
tion; thus, interviews were conducted in large rooms that provided private areas
where individual confidential interviews could be conducted simultaneously
with between 3 and 6 adolescents.

The sample recruitment protocol ensured that no adolescent who had com-
pleted the interview at one DYS facility subsequently completed the interview at
another DYS facility. This study was approved by the DYS Institutional Review
Board, Washington University Human Studies Committee Institutional Review
Board, federal Office of Human Research Protection, and was granted a Cer-
tificate of Confidentiality by the National Institute on Drug Abuse (NIDA).
Adolescents received $10.00 for their participation.

All adolescents who provided informed assent completed the Volatile Sol-
vent Screening Inventory (VSSI), a structured face-to-face interview. The VSSI
takes approximately 45 min to complete and assesses demographic charac-
teristics, medical history, lifetime/annual use of 55 volatile solvent inhalants,
other drug use and substance-related problems, current psychiatric symp-
toms, suicidality, trauma history, antisocial traits and criminal activity. A
detailed description and copy of the VSSI is available in Howard et al.
(2007).

2.2. Measures

2.2.1. Asthma diagnosis, inhaler use, and inhaler misuse. Youth were asked
to indicate (yes or no) whether they had “ever been diagnosed with asthma by
a doctor or nurse.” Youth who reported having been diagnosed with asthma,
were then asked to indicate (yes or no) whether they “were ever prescribed an
inhaler to help treat your asthma?” Youth who reported having been prescribed
an inhaler were then asked to respond (yes or no) to the question, “Did you
ever use your asthma inhaler more than you were supposed to according to the
doctor’s or pharmacist’s instructions?” Respondents who reported using their

prescribed asthma inhaler more than they were supposed to according to the
doctor’s or pharmacist’s instruction were asked about three potential reasons for
their misuse. Possible reasons for youths’ use of a prescribed asthma inhaler
more than they were supposed to included use because they were “treating their
own asthma symptoms,” “wanted to see what it would feel like,” or “were trying
to get high.”

All youth were also asked whether they had ever used an asthma inhaler
for which they did not have a prescription. Study participants who had used an
asthma inhaler for which they did not have a prescription were asked to indicate
reasons why they had used a non-prescribed inhaler. Reasons included “treating
their own asthma symptoms,” “wanted to see what it would feel like,” or “were
trying to get high.”

These survey questions were used to classify subjects into one of three
groups. Inhaler non-users were youth without any history of asthma inhaler
use. Inhaler users were youth who reported any use of prescription and/or non-
prescription asthma inhalers for purposes other than to get high. Thus, inhaler
users were youth who used asthma inhalers as prescribed or who used prescribed
asthma inhalers at greater than prescribed levels or non-prescribed inhalers to
medicate their own asthma symptoms or to see what it would feel like, but never
for the purposes of getting high. Inhaler misusers were youth who reported any
prior use of prescribed or non-prescribed asthma inhalers to get high. Although
there are many potential criteria by which asthma inhaler groups could be
formed, our method has the virtue of establishing clearly defined groups of
inhaler non-users and misusers. The inhaler user group includes a more hetero-
geneous assemblage of inhaler users than the other two groups; however, the
inclusion of youth who used prescribed inhalers at levels higher than prescribed
or non-prescribed inhalers because they wanted to see what it would feel like
in this group suggests that the inhaler user vs. misuser contrasts reported below
are conservative in nature.

2.2.2. Physical and psychological responses to inhalers. Inhaler users and mis-
users were asked how frequently they had experienced each of 25 different
physical and psychological responses (e.g., euphoria, dizziness, anxiety) while
using or immediately following use of an asthma inhaler. Response options
for each item were: 0 = Never, 1 = Rarely, 2 = Occasionally, 3 = Frequently, and
4 = Always. As the distributions of responses were highly skewed, responses
were dichotomized for each item to reflect the relative absence (“Never”
or “Rarely” response options) vs. presence (“Occasionally,” “Frequently,” or
“Always” response options) of each of the 25 responses to asthma inhaler
use/misuse.

2.2.3. Demographic and psychosocial variables. Gender, age, self-reported
racial status, grade (current or last completed), family receipt of public assis-
tance, and geographical area of family residence (i.e., urban, suburban, small
town, rural) were recorded for each youth. Youth were also asked at what age
they committed their first crime.

2.2.4. Substance use and related problems. Subjects were queried about their
ages at first use of alcohol and marijuana, respectively. For subjects who had
used alcohol and marijuana, the lower of the two ages was selected. Respondents
who reported any use of one or more of 55 volatile solvent inhalants with the
expressed intention of getting high were considered lifetime volatile solvent
users (see Howard et al., 2007 supplementary material for a listing of volatile
solvent inhalants assessed).

Lifetime substance-related problems were assessed with the 8-item
Alcohol/Drug Use Scale of the Massachusetts Adolescents Screening
Instrument—2nd Version (MAYSI-2) (Grisso and Barnum, 2000) developed
for use with juvenile justice populations. Adolescents responded “yes” or “no”
to questions about whether they had ever been drunk or high at school, had
used alcohol and drugs at the same time, had ever been so drunk or high they
could not remember what happened, used alcohol or drugs to help them feel
better, had gotten into trouble while high or drinking (if yes) whether or not that
trouble had been fighting, had done anything they wished they had not while
drunk or high, or had their parents think they drink too much. Scores could
range from 0 to 8. Grisso and Barnum (2000) found the scale to be internally
consistent (! = .86) in their norming sample; the ! coefficient in this study was
.83.
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2.2.5. Psychiatric variables. All respondents completed the Brief Symptom
Inventory (BSI), consisting of 53 items assessing the extent to which adoles-
cents were “bothered or disturbed” (0 = not at all; 4 = extremely) by a variety of
thoughts or feelings “over the last 7 days including today” (Derogatis, 1993).
The BSI yields a Global Severity Index of overall current psychiatric distress
(possible range = 0–212, ! = .96 in current study).

Adolescents completed the 5-item MAYSI-2 suicide ideation scale, which
requires adolescents to respond “yes” or “no” to questions assessing whether
or not they have ever wished they were dead, have felt like life was not
worth living, have felt like hurting themselves, have felt like killing them-
selves, and have ever given up hope for their life. Grisso and Barnum
(2000) reported a ! coefficient of .83; the ! coefficient in this study was
.91.

Study participants also completed the 56-item Psychopathic Personality
Inventory Short-Version (PPI-SV) (Lilienfeld and Andrews, 1996). Youth were
asked to decide to what extent each of the personality characteristics described
in each statement were false or true as applied to them (1 = false, 2 = mostly
false, 3 = mostly true, 4 = true). Two subscales from the PPI-SV were included
in this study: fearlessness and impulsive nonconformity. Both measures had a
possible range of 0–28. Alpha coefficients for these measures in this study were
.68 and .55, respectively.

2.3. Analytic procedures

Descriptive statistics were used to summarize study results. Pearson’s
chi-square ("2) tests, Fisher’s exact tests, and one-way analysis of variance
(ANOVA) were used to examine bivariate associations. Associations were also
summarized as effect sizes using unadjusted odds ratios with 95% confidence

intervals, Cramer’s V (V), and R-squared (R2) for chi-square and ANOVA tests.
Multivariate logistic regression analysis was used to identify variables associ-
ated with inhaler misuse. A small set of subjects did not respond to questions
about psychological and physical consequences to inhalants. Listwise deletion
was used for these analyses. Less than 1% of the data points for the independent
variables were missing, which were imputed using the aregImpute function in
the HMisc package for R (Harrell, 2002).

3. Results

Table 1 provides a summary of sample characteristics. Over
half the study sample was White and approximately one-third
(32.9%, n = 238) was African American. Only 3.9% of the sam-
ple (n = 28) was Latino/Latina, 6.2% (n = 45,) biracial, and 1.5%
(n = 11) of another race. Eighty-seven percent of youth were
male, and ages ranged from 11 to 20 (mean = 15.5, S.D. = 1.2).
Due to the relatively small number of Latino/Latina and biracial
adolescents and adolescents of another race, the race/ethnicity
variable was dichotomized for certain bivariate and multivari-
ate analyses (“White” vs. “non-White”). Approximately forty
percent of participants reported that their family received pub-
lic assistance. Prior to being incarcerated, the majority of
adolescents lived in small towns (39.5%, n = 286) or urban
cities (39.1%, n = 283). Smaller percentages lived in suburban
(13.8%, n = 100) or rural areas (7.5%, n = 54). This variable

Table 1
Comparison of asthma inhaler non-users, users, and misusers across demographic, psychosocial, and clinical measures

Variables Full sample (N = 723) Subgroup comparison

Inhaler non-users
(N = 350)

Inhaler users
(N = 285)

Inhaler misusers
(n = 88)

Results

Gender: N(%)
Male 629 (87.0) 306 (87.4) 254 (89.1) 69 (78.4) "2(2) = 6.18
Female 94 (13.0) 44 (12.6) 31 (10.9) 19 (21.6) p = .03, Cramer’s V = .10

Ethnicity: N(%)
Non-White 322 (44.5) 152 (43.4) 149 (52.3) 21 (23.9) "2(2) = 23.29
White 401 (55.5) 198 (56.6) 136 (47.7) 67 (76.1) p = .00, Cramer’s V = .17

Age: mean (S.D.) 15.5 (1.2) 15.5 (1.19) 15.4 (1.3) 15.7 (1.1) F(2, 720) = 1.88, p = .15, R2 = .01

Urbanicity: N(%)
Rural/small town 340 (47.0) 171 (48.9) 125 (43.9) 44 (50.0) "2(2) = 1.93
Urban/suburban 383 (53.0) 179 (51.1) 160 (56.1) 44 (50.0) p = .40, Cramer’s V = .05

Public assistance: N(%)
No 435 (60.2) 216 (61.7) 163 (57.2) 56 (63.6) "2(2) = 1.84
Yes 288 (39.8) 134 (38.3) 122 (42.8) 32 (36.4) p = .40, Cramer’s V = .05

Age of first crime: mean (S.D.) 10.6 (2.7) 11.0 (2.7) 10.4 (2.7) 9.8 (2.8) F(2, 720) = 7.65a,b, p = .00, R2 = .02
Global severity index suma 3.45 (.9) 3.31 (.9) 3.44 (1.0) 4.03 (.7) F(2, 720) = 21.29b,c, p = .00, R2 = .06
Suicide ideationa: mean (S.D.) 2.21 (2.4) 1.85 (2.2) 2.20 (2.4) 3.73 (2.4) F(2, 720) = 23.58b,c, p = .00, R2 = .06
Impulsive non-conformity:

mean (S.D.)
14.81 (4.1) 14.52 (3.9) 14.65 (4.1) 16.48 (4.6) F(2, 720) = 8.51b,c, p = .00, R2 = .02

Fearlessness: mean (S.D.) 17.10 (5.2) 16.56 (5.2) 17.04 (5.2) 19.42 (5.1) F(2, 720) = 10.75b,c, p = .00, R2 = .03
Substance use problems index:

mean (S.D.)
3.85 (2.4) 3.39 (2.4) 3.86 (2.4) 5.67 (1.9) F(2, 720) = 33.92a,b,c, p = .00, R2 = .09

Lifetime use of other volatile solvent inhalants: N(%)
No 444 (61.4) 250 (71.4) 184 (64.6) 10 (11.4) "2(2) = 112.63
Yes 279 (38.6) 100 (28.6) 101 (35.4) 78 (88.6) p = .00, Cramer’s V = .39

Note: All percentages are reported as column percentages. Values in bold are significant (p < .05). All contrasts for one-way analysis of variance were tested using
Tukey’s post-hoc contrast test at p < .05. Significant differences in contrasts are noted by the following superscripts: a = non-users significantly different than users;
b = non-users significantly different than misusers; and c = users significantly different than misusers.

a Values are log-transformed due to skewness.
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was dichotomized into urban/suburban vs. rural/small town cat-
egories. Scores on the Brief Symptom Inventory Global Severity
Index ranged from 0 to 172 (mean = 43.8, median = 36.0,
S.D. = 34.8). Given the excess skew of the Global Severity Index
score distribution (skew = 1.20), a log transformation of this vari-
able was used (skew = ".83) in subsequent analyses. It is notable
that females (21.6% vs. 10.9%) and whites (76.1% vs. 47.7%)
were substantially overrepresented in inhalant misuser group
compared to the inhaler user group.

3.1. Prevalence of asthma and asthma inhaler prescriptions

More than 26% (n = 193) of the overall sample reported
a lifetime diagnosis with asthma. Ethnicity was significantly
(p = .006) associated with a lifetime asthma diagnosis, with Bira-
cial and African Americans having the highest rates (42.2%
and 31.1%, respectively), followed by Caucasians (24.1%),
Latino/Latinas (10.7%), and youth of other races (9.1%). Sub-
sequent analyses identified no significant differences in asthma
prevalence rates between White and African American or
between White and non-White youth. Receipt of a lifetime
asthma diagnosis was not significantly associated with age,
family receipt of public assistance, or geographic place of
residence prior to incarceration. Among subjects with a life-
time asthma diagnosis, 91.2% (n = 176) had been prescribed an
asthma inhaler. No significant associations among demographic
variables and receipt of an asthma inhaler prescription were
identified.

3.2. Patterns of inhaler use and misuse

3.2.1. Prescribed inhaler use and misuse. Among youth who
had received a prescription for an asthma inhaler, 26.7% (n = 47)
reported lifetime use of their inhaler at greater than prescribed

levels. Of these 47 persons, approximately half (48.9%, n = 23)
indicated that they were using at greater than prescribed levels to
treat their own asthma symptoms; 59.6% (n = 28) wanted to see
what it would feel like; 57.4% (n = 27) reported that they were
trying to get high. None of the demographic or clinical variables
assessed were significantly associated with the different reasons
for prescription inhaler misuse based on a series of chi-square
tests.

3.2.2. Non-prescribed inhaler use and misuse. Approximately
one-third (33.1%, n = 239) of the overall sample reported having
used an asthma inhaler for which they did not have a prescrip-
tion. Approximately 9% (n = 22) of these youth had used a
non-prescribed asthma inhaler, even though they reported hav-
ing received a prior prescription for an asthma inhaler. Reasons
for using an asthma inhaler without a prescription included treat-
ing one’s own asthma symptoms (33.6%, n = 80); wanting to see
what it would feel like to use an inhaler (65.7%; n = 157); and
wanting to get high (30.1%; n = 72).

3.3. Comparison of inhaler non-users, users, and misusers

3.3.1. Bivariate associations. As summarized in Table 1, there
were no demographic differences between inhaler non-users
(N = 350), users (N = 285), and misusers (N = 88). Groups dif-
fered significantly with regard to age at first crime, psychiatric
(i.e., suicidal ideation; GSI summary score) and substance
use problems, and temperamental impulsivity and fearlessness.
Effect sizes were small (R2 values #.09). The largest difference
was for prevalence of lifetime use of volatile solvent inhalants,
with the inhaler misuser group exhibiting the highest rate. The
effect size for this relationship was significantly larger than the
other observed effect sizes (V = .39).

Table 2
Multivariate logistic regression analysis predicting asthma inhaler misuse in the full sample and subsample of survey respondents with a self-reported history of
asthma inhaler use

Variables Full sample (N = 723) Lifetime history of asthma inhaler use (N = 373)

Adjusted
odds ratio

95% confidence
interval

Adjusted odds
ratio

95% confidence
interval

Prior receipt of asthma inhaler prescription (yes = 1, no = 0) 2.84 1.61–5.04 .97 .53–1.78
Gender (male = 1, female = 0) 1.59 .76–3.31 1.77 .77–4.07
Ethnicity (White = 1 non-White = 0) 1.79 .95–3.36 2.13 1.07–4.24
Age (11–20) 1.22 .96–1.56 1.30 1.00–1.69
Urbanicity (urban/suburban = 1, rural/small town = 0) 1.62 .93–2.84 1.54 .80–2.94
Public assistance (yes) .77 .45–1.34 .85 .46–1.55
Age at first crime (5–16) .92 .84–1.01 .92 .83–1.03
Global severity index (2.57–5.08a) 2.14 1.41–3.25 1.86 1.18–2.91
Suicidal ideation (0–6) 1.04 .92–1.18 1.02 .89–1.17
Impulsivity (7–28) .99 .93–1.05 1.01 .94–1.08
Fearlessness (7–28) 1.01 .95–1.07 1.02 .96–1.09
Substance use problems scale (0–8) 1.12 .97–1.30 1.09 .93–1.28
Lifetime use of volatile solvent inhalants (1 = yes, 0 = no) 10.45 4.78–22.83 9.17 4.10–20.49

Note: Values in bold are statistically significant based on a 95% confidence interval. Reference group “0” is indicated by parentheses. Observed range of continuous
variables is also noted in parentheses.

a Values are log-transformed due to skewness.
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3.3.2. Multivariate associations. Two logistic regression mod-
els were specified to identify correlates of inhaler misuse (i.e.,
using a prescribed or non-prescribed inhaler to get high). The
first model included the full sample. This model exhibited a
good fit to the data (likelihood ratio "2 [13] = 162.5, p = .000,
pseudo-R2 = .39). Table 2 summarizes the adjusted OR with
95% confidence intervals. Youth who received an inhaler pre-
scription were almost three times more likely to be an asthma
inhaler misuser than youth without a prescription (OR = 2.84,
95% CI = 1.61–5.04). Youth with a history of volatile solvent
inhalant use were over 10 times more likely to be asthma
inhaler misusers compared to youth without any prior history of
volatile solvent inhalant use (OR = 10.45, 95% CI = 4.78–22.83).
Global severity index score (logged) was also a significant risk
factor (95% CI = 2.14, 95% CI = 1.41–3.25). A second model
was specified to identify correlates of inhaler use among youth
with a lifetime history of asthma inhaler use (i.e., exclud-
ing inhaler non-users). Having received an inhaler prescription
was not a significant risk factor, but being White (compared
to non-White) was statistically significant (OR = 2.13, 95%
CI = 1.07–4.24). The global severity index score (logged) and
lifetime use of volatile solvent inhalants were also significant,

with effect sizes slightly lower in comparison to the full sample
model.

3.4. Psychological and physical responses

Table 3 provides overall and subgroup prevalence rates for
25 self-reported acute psychological and physical reactions to
asthma inhaler use, ordered by the frequency with which such
responses were reported in the overall sample. The most com-
mon acute responses to inhaler use among all inhaler users
and misusers included feeling more relaxed (26.3%), feeling
dizzy (25.7%), and having a headache (23.7%). A series of
subgroup comparisons were conducted to determine whether
the responses to inhalers were significantly different among
inhaler users and misusers. Of the 25 comparisons, inhaler
misusers were significantly more likely to report all psycho-
logical and physical responses to asthma inhalers. In addition
to being statistically significant, it is important to highlight
the large effect sizes summarized by the unadjusted odds
ratios and 95% confidence intervals (four effect sizes were
not computed due to low cell counts <5). Inhaler misusers
were over 33 times more likely to report euphoric feelings

Table 3
Prevalence of self-reported acute physical and psychological responses to asthma inhaler use, overall and across inhaler user and misuser groups

Responses Any inhaler usea,
N (%)

Subgroup comparisons

Inhaler users, N (%) Inhaler misusers, N (%) UOR (95% CI)b

Feel more relaxed 98 (27.4) 63 (23.2) 35 (40.2) 2.22 (1.33–3.71)
Feel dizzy 92 (25.7) 38 (14.0) 54 (62.1) 10.03 (5.78–17.43)
Have a headache 85 (23.7) 44 (16.2) 41 (47.1) 4.60 (2.71–7.82)
Have a rapid heartbeatc 64 (17.9) 27 (10.0) 37 (43.0) 6.82 (3.81–12.23)
Feel more tired or fatigued than normal 60 (16.8) 31 (11.4) 29 (33.3) 3.87 (2.16–6.93)
Feel more anxious 59 (16.5) 20 (7.4) 39 (45.3) 10.41 (5.59–19.41)
Feel more talkative 56 (15.6) 23 (8.5) 33 (37.9) 6.59 (3.59–12.11)
Feel euphoric (feeling “high,” happy, carefree) 52 (14.5) 8 (3.0) 44 (50.6) 33.64 (14.82–76.33)
Feel panickyc 43 (12.0) 14 (5.2) 29 (33.3) 9.14 (4.55–18.39)
Feel more powerful or confident than normal 40 (11.2) 20 (7.4) 20 (23.0) 3.75 (1.91–7.36)
Feel more irritable 38 (10.6) 14 (5.2) 24 (27.6) 6.99 (3.42–14.29)
Feel more aggressive 36 (10.1) 15 (5.5) 21 (24.1) 5.43 (2.65–11.11)
Feel more nauseated 36 (10.1) 19 (7.0) 17 (19.5) 3.22 (1.59–6.52)
Find yourself unable to remember what you

did
33 (9.2) 6 (2.2) 27 (31.0) 19.88 (7.86–50.27)

Feel more confused 31 (8.7) 9 (3.3) 22 (25.3) 9.85 (4.33–22.41)
Experience a burning sensation in your eyes or

throat
30 (8.4) 14 (5.2) 16 (18.4) 4.14 (1.93–8.88)

Develop chestpain 28 (7.8) 13 (4.8) 15 (17.2) 4.13 (1.88–9.09)
Have slurred speech 27 (7.5) 6 (2.2) 21 (24.1) 14.05 (5.45–36.21)
Have blurred vision 27 (7.5) 7 (2.6) 20 (23.0) 11.26 (4.57–27.73)
Feel more depressed 22 (6.1) 8 (3.0) 14 (16.1) 6.30 (2.55–15.61)
Fear that you might be going crazy 12 (3.4) 4 (1.5) 8 (9.2) p < .001d

Feel more sexually aroused 11 (3.1) 1 (0.4) 10 (1.2) p < .001d

Feel more suicidal 9 (2.5) 2 (0.7) 7 (8.0) p < .001d

Hear things that were not there 8 (2.2) 2 (0.7) 6 (6.9) p < .003d

See things that were not there 7 (2.0) 0 (0.0) 7 (8.0) p < .001d

Note: Sample size for all comparisons in this table is N = 358, unless otherwise noted. All percentages are reported as column percentages. UOR = unadjusted odds
ratio. CI = confidence interval. Values in bold are statistically significant based on a 95% CI that does not bound the value 1.0.

a Column represents the overall number and percent of inhalant users (Inhalant users + Inhalant misusers) who self-reported each acute physical and psychological
response.

b Inhaler users are the reference group for all unadjusted odds ratios.
c Sample size, N = 357.
d Fisher’s exact test used due to compute statistical significance due to cell counts less than 5.
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from inhaler use compared to inhaler users (OR = 33.64, 95%
CI = 14.82–76.33). Other significant effects included prob-
lems with memory (OR = 19.88, 95% CI = 7.86–50.27), slurred
speech (OR = 14.05, 95% CI = 5.45–36.21), blurred vision
(OR = 11.26, 95% CI = 4.57–27.73), and dizziness (OR = 10.03,
95% CI = 5.78–17.43).

4. Discussion

More than one-quarter (26%) of youth surveyed in this study
reported a lifetime diagnosis of asthma, a rate twice that of
comparably aged youth in the general population (Akinbami,
2007). Most youth diagnosed with asthma (91.2%) received a
prescription for an inhaler. Given the widespread prevalence
of asthma among youth in the U.S. and pervasive diffusion
of asthma inhalers across many, if not most, population
subgroups, it was not surprising that at least some proportion
of the high-risk sample we studied reported asthma inhaler
misuse. However, we found that 27% of youth who had been
prescribed an asthma inhaler reported having intentionally used
it excessively and that one-third of all youth in the sample
had used an asthma inhaler without a prescription. Further,
such use was frequently motivated by the intention to “get
high” and associated with potentially serious health and social
consequences. Although it is clear that a substantial proportion
of youth engage in non-prescribed use of inhalers for the pur-
poses of self-medication of asthma attacks (itself a potentially
worrisome finding), it is equally evident that many youth were
abusing inhalers for their psychoactive effects. Approximately
one-in-eight youth in Missouri Division of Youth Services care
at the time of the survey had used an asthma inhaler to get high.

Bivariate findings indicated that inhaler misusers tended to
have an earlier onset of antisocial conduct, and higher levels
of current psychiatric distress, temperamental fearlessness and
impulsivity, and lifetime substance abuse problems, volatile sol-
vent abuse and suicidality than did inhaler users. Each of these
factors is a known correlate of substance use more generally.
The results also showed that rates of asthma inhaler misuse were
comparatively elevated among girls and whites in this sample.
Caucasian racial status was a significant risk factor for inhaler
misuse in multivariate logistic regression analyses confined to
lifetime inhaler users/misusers. These demographic findings are
consistent with those reported by Wu et al. (2004) and Howard
et al. (2007) for volatile solvent abuse. Given that a history of
volatile solvent inhalant use was the best discriminator of inhaler
users and misusers in multivariate analyses, it may be appropri-
ate to consider asthma inhaler misusers as a subgroup of inhalant
users more generally.

Taken together, these findings indicate that asthma inhaler
misuse is prevalent in the adolescent population we studied,
frequently motivated by the desire to become intoxicated, and
significantly associated with psychiatric dysfunction, substance
abuse, and other correlates of these problems. Prior experience
with and access to an inhaler appears to increase risk for inhaler
misuse, as Boyd et al. (2006) also reported. Our findings indicate
that inhaler misuse for the purposes of becoming intoxicated is
both widespread and may justifiably be regarded as a form of

substance abuse in many cases; thus, it is important to learn
whether youth develop physical dependence on these agents,
including tolerance and withdrawal symptoms, and what the
short and long-term medical and social consequences of such
abuse might be.

This study is the first to examine the nature and prevalence of
various acute reactions to inhaler use/misuse among adolescent
inhaler users and misusers. The inhaler misuser group experi-
enced comparatively more numerous and serious reactions than
did the inhaler user group. Adverse reactions to acute inhaler use
were prevalent among inhaler misusers, with 62.1% feeling more
dizzy during or immediately following inhaler use, 47.1% hav-
ing a headache, 43.0% reporting rapid heart beat, 45.3% feeling
more anxious, 33.3% feeling panicky, 33.3% feeling more tired
or fatigued, 27.6% feeling more irritable, 25.3% feeling more
confused, and 31.0% reporting memory problems. Positive reac-
tions to inhaler use were also substantially more prevalent among
inhaler misusers than users. Inhaler misusers were significant
more likely than users to report experiences of euphoria (50.6%),
feeling relaxed (40.2%), feeling more talkative (37.9%), and
feeling more powerful or confident (23.0%) during or immedi-
ately following inhaler use. Little is currently known about the
adverse consequences and perceived benefits of short- and long-
term intentional inhaler misuse. This is clearly an area meriting
more research attention in the future.

Although many of the findings reported above are unprece-
dented in the asthma or substance abuse literatures and
important in their implications, several limitations character-
ize this research. Our survey findings were cross-sectional in
nature and thereby preclude conclusions of a causal nature. The
client population studied consisted of minimally-to-seriously
antisocial youth; thus, findings may not generalize to youth in
the general population. Further, the survey relied on self-report
measures of asthma inhaler use and other variables. Given these
limitations, we urge caution in interpreting and applying these
findings. Strengths of the current investigation included the large
sample, high respondent participation rate, under researched
study population (i.e., antisocial youth in residential care), use
of face-to-face interviews with structured assessments across a
variety of measurement domains, and minimal missing data.

We would also advise future investigators in this area to
include a more detailed assessment of asthma inhaler use. At
present, asthmatic patients may receive corticosteroid and/or
beta-2 agonist inhaler treatment; OTC asthma inhalers are also
available for purchase. Although detailed assessment of type
of inhaler used/misused would clearly have been preferable to
our approach, we believe most of the responses to our sur-
vey items reflected reactions to use of albuterol inhalers, given
the widespread current availability and use of this product in
the community. Qualitative investigations might provide greater
understanding as to the reasons why some youth misuse inhalers
and better appreciation of the phenomenology of asthma inhaler
intoxication.

Finally, it should be noted that the U.S. Food and Drug
Administration has recently taken steps to remove albuterol
inhalers with fluroniated hydrocarbon propellants from the mar-
ketplace by December, 2008 (Lavelle, 2007). More expensive
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albuterol inhalers will continue to be available with propellants
such as hydrofluoroalkane. However many consumer advocates
do not support removal of the relatively inexpensive generic
albuterol inhalers with fluorocarbon propellants. It also remains
unclear whether misuse and abuse of albuterol inhalers occurs
because of the reinforcing properties of albuterol, the fluorocar-
bon propellants themselves, or a combination of the two agents.
Additional research on asthma inhaler misuse and abuse will
provide a substantially more solid foundation for policy making
and clinical interventions in this area. At present, our findings
suggest that misuse of asthma inhalers for their psychoactive
effects may be prevalent and largely hidden in some patient and
service populations. Large studies of asthma inhaler misuse in
general youth and adult populations are needed to determine
whether the findings reported herein generalize wholly, or in
part, to the population more broadly.
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