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bstract

bjective: To examine the prevalence and correlates of mood, anxiety, and personality disorders among lifetime inhalant users.
ethods: Statistical analyses were based on data from the 2001–2002 National Epidemiologic Survey on Alcohol and Related Conditions

NESARC), a nationally representative survey of adults in the United States.
esults: Inhalant users (N = 664) had high lifetime prevalences of DSM-IV mood (48%), anxiety (36%), and personality (45%) disorders. Of all

nhalant users, 70% met criteria for at least one lifetime mood, anxiety, or personality disorder and 38% experienced a mood or anxiety disorder
n the past year. Prevalences of comorbid psychiatric disorders varied by gender. Compared with male inhalant users, female inhalant users had
igher prevalences of lifetime dysthymia (24% versus 16%), any anxiety disorder (53% versus 30%), panic disorder without agoraphobia (25%
ersus 11%), and specific phobia (28% versus 14%), but a lower prevalence of antisocial personality disorder (22% versus 36%). Female inhalant
sers also were more likely than male inhalant users to meet criteria for three or more mood or anxiety disorders (15% versus 8%) in the past
ear. Among inhalant users with comorbid disorders, those who developed social or specific phobia typically experienced onset of these disorders
rior to initiation of inhalant use; all other mood and anxiety disorders usually developed following the onset of inhalant use. Inhalant users who
ere women, poor, less educated, with early onset of inhalant use, family histories of psychopathology, and personal histories of substance abuse
reatment had increased odds of psychiatric disorders.
onclusions: Psychiatric disorders are highly prevalent among inhalant users nationally and female inhalant users are more likely than male

nhalant users to experience multiple psychiatric disorders. Inhalant use and its consequences among females warrant greater research attention.
2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Inhalant use is among the most prevalent, pernicious, and
oorly studied forms of substance use (Brouette and Anton,
001; Dinwiddie, 1998; Sharp and Rosenberg, 1997). Find-
ngs from the 2004 National Survey on Drug Use and Health
ndicated that nearly 23 million US residents aged 12 or
lder had used inhalants, with approximately 2,255,000 respon-

ents reporting use in the past year (Substance Abuse and
ental Health Services Administration, 2005). In 2004, the

ifetime prevalence of inhalant use among 8th graders (17.3%)
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ationally exceeded the prevalences for marijuana (16.3%),
mphetamines (7.5%), hallucinogens (3.5%), cocaine (3.4%),
nd heroin (1.6%) (Johnston et al., 2005). Recurrent inhalant use
s associated with serious health problems including cerebellar
taxia, Parkinsonism, encephalopathy, trigeminal neuropathy,
epatorenal syndrome, hepatotoxicity, and “sudden sniffing
eath” (Brett, 1997; Meadows and Verghese, 1996; Utti et al.,
994).

Despite the substantial prevalence and deleterious conse-
uences of inhalant use, little is known about the natural history
f inhalant use in the general population (Balster, 1996, 1998;
ikkelsen, 1997). In particular, studies of psychiatric disorders
mong inhalant users from large, population-based samples are
enerally absent from the literature. Available mental health
ndings are based principally on case reports, clinical inves-

igations, local or regional surveys of high-risk populations, and
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mailto:matthowa@umich.edu
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The survey instrument was computerized. Interviewers were allowed to answer
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riminological studies of inhalant users. For example, recent
nvestigations have examined inhalant use among urban Amer-
can Indian adolescents in the Pacific Northwest (Howard et al.,
999), youth probationers in Utah (Howard and Jenson, 1999),
dolescent patients in substance abuse treatment (Sakai et al.,
004), and incarcerated youth in long-term correctional settings
n Missouri (Howard et al., under preparation). Results of these
nvestigations suggest that serious antisocial behavior and psy-
hopathology may commonly attend adolescent inhalant use.
tudies of adult inhalant users in treatment and criminal justice
ettings have also identified a high prevalence of depression,
nxiety, and other mental health disorders, although impor-
ant concerns have been raised regarding the generalizability,

ethodological adequacy, and public health utility of the lim-
ted available literature (e.g., Compton et al., 2005; Dinwiddie,
994; Evren et al., 2006; Howard et al., 2001).

To date, characteristics associated with comorbid psychiatric
isorders among inhalant users in general, and gender differ-
nces in the prevalence of these disorders in particular, have
een understudied. Findings from such analyses are needed to
uide the design and implementation of gender-sensitive preven-
ion and treatment interventions. The aims of this investigation
ere to examine the prevalence, patterns, and correlates of

omorbid DSM-IV psychiatric disorders (American Psychiatric
ssociation, 1994) among a national sample of lifetime inhalant
sers. Specifically, we (1) described inhalant users’ sociodemo-
raphic characteristics, (2) estimated the prevalence of mood,
nxiety, and personality disorders, (3) assessed the influences of
ender, age of onset of inhalant use, and prior substance abuse
reatment on psychiatric disorders, (4) examined the age at onset
f inhalant use, inhalant use disorders, and co-occurring psy-
hiatric disorders, and (5) identified factors associated with the
evelopment of mood, anxiety, and personality disorders among
ifetime inhalant users.

In addition to the gender variable, we focused on the influence
f early onset of inhalant use and a history of substance abuse
reatment on the prevalence of comorbid psychiatric disorders
ecause both have been found to be significant correlates of drug
buse or dependence (Anglin et al., 1997; Claus et al., 1999;
rant and Dawson, 1998; Howard and Jenson, 1999; Hser et al.,
997) which, in turn, is highly correlated with the development
f psychiatric disorders (Compton et al., 2000; Kessler et al.,
996). We hypothesized that the prevalence and patterns of psy-
hiatric disorders among lifetime inhalant users would vary by
ender: women would be more likely than men to meet criteria
or mood and anxiety disorders (Breslau et al., 2000), whereas
en would be more likely than women to have antisocial per-

onality disorders (Grant et al., 2004a). We also hypothesized
hat early inhalant use and prior use of substance abuse treatment
ould predict increased odds of psychiatric disorders.

. Methods
.1. NESARC survey methodology

The National Epidemiologic Survey on Alcohol and Related Conditions
NESARC) is a longitudinal investigation of a nationally representative sam-
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le of 43,093 U.S. residents aged 18 or older (Dawson et al., 2004; Grant et al.,
004a). The survey was designed and funded by the National Institute on Alcohol
buse and Alcoholism and conducted by the U.S. Census Bureau using com-
uter assisted personal interviewing. NESARC provides past-year and lifetime
revalences for DSM-IV Axis I (substance use, mood, and anxiety disorders)
nd Axis II (personality) disorders and is the largest comorbidity study and the
rst national study to assess DSM-IV personality disorders (Grant et al., 2004a,
005). Wave 1 data were collected between August 2001 and May 2002.

NESARCs target population was the civilian, non-institutionalized adult
ousehold population of all 50 states and the District of Columbia, including
dults living in non-institutional group quarters such as group homes, shelters,
nd college quarters. Privacy rights of NESARC respondents were carefully
rotected. All NESARC respondents provided written informed consent and
ere assured that their participation was voluntary and their responses would
e kept confidential.

Respondents were selected to participate in NESARC using a multistage
luster sampling design (Dawson et al., 2004). To increase the accuracy of
ational estimates of psychiatric disorders for population subgroups, Hispan-
cs (N = 8308), non-Hispanic Blacks (N = 8245), and respondents aged 18–24
N = 5199) were oversampled. Of all respondents, 18,518 were male and 24,575
ere female. The overall household response rate was 89%; the person response

ate was 93%; and the sample frame response rate was 99%. Thus, the overall
urvey response rate was 82%. Other details of the NESARC survey design and
ethods are reported elsewhere (Grant et al., 2004a, 2005).

.2. Assessment and definition of study variables

.2.1. Psychiatric disorders. Psychiatric disorders were assessed with the
lcohol Use Disorders and Associated Disabilities Interview Schedule – Diag-
ostic and Statistical Manual of Mental Disorders – Fourth Revision (AUDADIS
DSM-IV), an instrument of demonstrated reliability and validity (Grant et

l., 2003). Several diagnostic modules were included to assess mood disorders
major depression, dysthymia, mania, and hypomania), anxiety disorders (panic
isorder, agoraphobia, social phobia, specific phobia, and generalized anxiety
isorder), personality disorders (avoidant, dependent, obsessive-compulsive,
aranoid, schizoid, histrionic, and antisocial), and substance use disorders
tobacco, alcohol, solvents/inhalants, marijuana, cocaine, sedatives, tranquil-
zers, painkillers, heroin, amphetamines, and hallucinogens).

In this paper, we examined mood, anxiety, and personality disorders among
nhalant users. We report NESARC-defined non-hierarchical diagnoses of mood
nd anxiety disorders (i.e., without using exclusionary criteria of the DSM-IV)
ecause our aim is to understand the overall extent of these disorders afflicting
nhalant users. Elucidating different possible causes of these disorders (e.g.,
ubstance use, medical conditions, or independence of former conditions) is
ot the focus of our study. In a future paper, we will describe the prevalence
nd correlates of comorbid substance use disorders in this national sample of
nhalant users.

.2.2. Inhalant use-related variables. In the Drug Use Module, respondents
ere read the following statement: “Now I’d like to ask you about your experi-

nces with medicines and other kinds of drugs that you may have used on your
wn—that is, either WITHOUT a doctor’s prescription (PAUSE); in GREATER
mounts, MORE OFTEN, or LONGER than prescribed (PAUSE); or for a rea-
on other than a doctor said you should use them. People use those medicines
nd drugs ON THEIR OWN to feel more alert, to relax or quiet their nerves,
o feel better, to enjoy themselves, or to get high or just to see how they would
ork.” Respondents were given a flashcard and were asked to indicate whether

hey have ever used each of nine separate categories of drugs listed on the card.
f “yes,” the interviewer asked “which ones?” and then recorded the specific
gent(s) used. The inhalant question asked, “Have you EVER used: Inhalants
r solvents, for example amyl nitrate, nitrous oxide, glue, toluene, or gasoline?”
espondents’ questions and were trained to administer the survey in a standard-
zed way. Respondents who reported any lifetime inhalant use then completed
dditional inhalant specific items assessing use in the prior 12 months, lifetime
se, frequency and recency of use, symptoms of inhalant abuse and dependence,
nd age at onset of inhalant use, abuse, and dependence.
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.2.3. Substance abuse treatment and family history of psychopathology. A his-
ory of personal substance abuse treatment was defined as having ever received
ny treatment or services for problems related to alcohol or drug use at any
ocation (e.g., an inpatient ward, outpatient clinic, emergency room, addiction
reatment program, mental health treatment program, self-help group, jail, or
hurch) (Grant et al., 2004b). A history of family psychopathology included any
elf-reported, positive family history of alcohol or drug use problems, depres-
ion, or antisocial behavior among any of the respondent’s biological family
embers (i.e., natural parents, sons, daughters, grandparents, full brothers, and

ull sisters). Respondents were considered to have a positive family history of
ntisocial behavior if they reported that one or more of their biological relatives
ad ever evidenced behavior problems including being cruel to people or ani-
als, fighting or destroying property, having trouble keeping a job or paying

ills, acting impulsively or not planning ahead, lying to or conning people, or
etting arrested and who also did not seem to care if they hurt others and who
ad problems at an early age such as truancy or running away.

.2.4. Sociodemographics. We examined the following social and demo-
raphic characteristics of all lifetime inhalant users: age, gender, race and
thnicity, educational level, current marital status, and total annual family
ncome.

.3. Statistical analysis

We conducted a secondary data analysis of the public-use data file of
he 2001–2002 NESARC. Because NESARC used a complex survey design,
ata were weighted and analyzed with SUDAAN software (Research Triangle
nstitute, 2002), which applies a Taylor series linearization method to account
or complex design effects.

We first examined sociodemographic characteristics of all respondents and
he subset of lifetime inhalant users. We then determined lifetime inhalant users’
revalences of past-year inhalant use and inhalant use disorders. Then, we gener-
ted prevalences of lifetime and past-year psychiatric disorders and determined
hether these prevalences of psychiatric disorders varied by gender, age at onset
f inhalant use, and respondent’s prior use of substance abuse treatment services.
ext, we examined the mean age at onset of inhalant use and each psychiatric
isorder among inhalant users, as well as among respondents who met criteria for
hat specific disorder regardless of their inhalant use, in order to understand the
omparative temporal sequencing of their occurrences. Using multiple logistic
egression procedures (Hosmer and Lemeshow, 2000), we identified correlates
f mood, anxiety, personality, and multiple (three or more disorders) psychiatric
isorders among all inhalant users.

Finally, to better understand whether inhalant users were more likely than
on-inhalant users to meet criteria for a psychiatric disorder, we stratified all
espondents by gender, matched inhalant users to non-inhalant users on age, and
onducted gender-specific conditional logistic regression analyses to specify
ssociations between inhalant use and psychiatric disorders while adjusting for
emographics and a family history of psychopathology. Conditional logistic
egression analysis was conducted with STATA 7.0 (STATA Corp, 2001) because
UDAAN does not have procedures for the matched analysis. We report odds
atios (ORs) from the logistic regression analysis. ORs reflect the estimated
trength of identified associations.

. Results

.1. Characteristics of the NESARC total sample

A total of 43,093 adults aged 18–98 participated in 2001–
002 NESARC. Weighted proportions for the total sample indi-
ated that respondents were approximately evenly divided with
espect to gender (males: 48%; females: 52%) and four levels

f annual family income ($0–$19,999: 24%; $20,000–$39,999:
6%; $40,000–$74,999: 29%; $75,000+: 21%). Nearly three-
uarters of respondents were non-Hispanic White (71%)
ompared with lesser proportions who were non-Hispanic Black
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11%); American Indian, Alaska Native, or Asian (6%); or His-
anic (12%).

.2. Characteristics of inhalant users

A total of 664 respondents (1.7% of all respondents) reported
ifetime inhalant use, 19% of whom met criteria for a lifetime
nhalant use disorder. Most (88%) respondents with a lifetime
nhalant use disorder met criteria for inhalant abuse but not
nhalant dependence, whereas 12% met criteria for inhalant
ependence irrespective of whether or not they had ever met cri-
eria for inhalant abuse. Nearly 60% of inhalant users reported
nitiation of inhalant use prior to age 18. Prevalences of past-
ear inhalant use and inhalant use disorders (6.4% and 1.4%,
espectively) among lifetime inhalant users were relatively low.

Overall, 82% of inhalant users were White, 41% had a high
chool or less education, 65% were not currently married, 53%
eported a total annual family income of less than $40,000, 64%
ere from non-central city or non-metropolitan areas, and 31%
ere from the western region of the US. There were gender dif-

erences in age group (χ2 = 7.42, d.f. = 2, P = 0.029) and marital
tatus (χ2 = 9.00, d.f. = 2, P = 0.015). Female inhalant users were
ounger and more likely to be widowed, divorced, or separated
han male users, whereas male users were more likely to have
ever been married.

.3. Prevalence of lifetime psychiatric disorders in inhalant
sers

We report in Table 1 lifetime prevalences of psychiatric dis-
rders among all inhalant users and by gender, age at onset of
nhalant use, and history of substance abuse treatment. Inhalant
sers had high prevalences of lifetime mood (48%), anxiety
36%), and personality (45%) disorders. Particularly elevated
ifetime prevalences were observed for major depression (41%),
ysthymia (18%), manic episode (15%), specific phobia (18%),
bsessive-compulsive personality disorder (17%), and antisocial
ersonality disorder (32%). Prevalences of comorbid psychiatric
isorders were high, with approximately one-in-seven (13%)
nhalant users meeting criteria for six or more lifetime psychi-
tric disorders, and more than one-in-five (21%) meeting criteria
or three to five such disorders.

Women who had used inhalants reported significantly higher
revalences of dysthymia (24% versus 16%), any anxiety dis-
rder (53% versus 30%), panic disorder without agoraphobia
25% versus 11%), and specific phobia (28% versus 14%) than
heir male counterparts. Men who had used inhalants were sig-
ificantly more likely than women to meet criteria for antisocial
ersonality disorder (36% versus 22%).

Early onset of inhalant use was strongly associated with
ncreased prevalences of having multiple psychiatric disorders,
articularly mood and personality disorders. Respondents with
arly-onset inhalant use (before age 18) were more likely than

ate-onset inhalant users (18 or older) to report a prior hypo-

anic episode (10% versus 4%), to meet criteria for avoidant
10% versus 5%), paranoid (16% versus 9%), and antisocial
41% versus 19%) personality disorders, and to meet criteria for
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Table 1
Prevalence of lifetime mood, anxiety, and personality disorders among lifetime inhalant users participating in the 2001–2002 National Epidemiologic Survey on
Alcohol and Related Conditions (unweighted N = 664)

Prevalence of lifetime psychiatric
disorders column %

Overall Men Women Onset of inhalant use
before age 18 years

Onset of inhalant
use 18 or older

Ever used substance
abuse treatment

Never used substance
abuse treatment

Unweighted sample size 664 470 194 368a 288a 50 614

Mood disorders
Any mood disorder 48.4 46.7 53.2 53.6 40.4** 72.5 46.6**

Major depression 40.8 38.3 48.0† 44.4 35.0* 56.0 39.7†
Dysthymia 17.7 15.6 23.6* 20.9 13.2* 34.0 16.5*

Mania 15.4 15.2 16.0 17.9 12.1 23.9 14.8
Hypomania 7.7 8.6 5.0† 10.1 4.3* 22.7 6.6†

Anxiety disorders
Any anxiety disorder 36.3 30.3 53.4*** 38.7 32.7 39.1 36.1
Panic disorder with agoraphobia 3.7 4.1 2.7 4.9 2.0 11.3 3.1
Panic disorder without agoraphobia 14.3 10.5 25.3** 16.4 11.4 13.8 14.4
Social phobia 12.1 10.8 15.7 13.5 10.4 13.4 12.0
Specific phobia 17.7 14.1 28.0** 16.6 19.2 15.6 17.8
Generalized anxiety disorder 10.7 9.1 15.4† 12.7 7.6* 11.1 10.7

Personality disorders
Any personality disorder 45.1 46.7 40.6 51.7 35.4** 63.4 43.8*

Avoidant 7.8 7.5 8.7 9.9 4.9* 10.6 7.6
Dependent 2.1 2.1 2.0 3.0 0.8 2.7 2.0
Obsessive-compulsive 17.2 17.9 15.2 19.9 13.9† 13.4 17.5
Paranoid 13.1 13.4 12.1 16.3 8.8* 13.3 13.1
Schizoid 7.5 7.5 7.7 7.9 6.9 9.9 7.3
Histrionic 7.6 7.9 6.9 8.7 6.1 11.0 7.4
Antisocial 32.1 35.5 22.3** 40.7 18.9*** 55.9 30.3*

Number of psychiatric disorders
0 diagnoses 30.1 31.4 26.4 24.7 38.3* 12.6 31.4†
1–2 35.5 35.5 35.4 36.4 33.6 37.8 35.3
3–5 21.3 20.1 24.7 22.2 20.1 31.4 20.6
6 or more 13.1 12.9 13.4 16.7 8.0 18.2 12.7
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2-test: †P < 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. Numbers in bold indica
a A total of eight inhalant users did not report age of first inhalant use; these e

ix or more lifetime psychiatric disorders (17% versus 8%). In
bsolute terms, more than half of all early-onset inhalant users
et criteria for one or more mood disorders (54%) and one or
ore personality disorders (52%), and 39% met criteria for one

r more anxiety disorders.
Lifetime inhalant users with a history of alcohol or drug

buse treatment were significantly more likely than inhalant
sers without such a history to meet criteria for any mood dis-
rder (73% versus 47%), dysthymia (34% versus 17%), any
ersonality disorder (63% versus 44%), and antisocial person-
lity disorder (56% versus 30%).

.4. Prevalence of past-year psychiatric disorders in
nhalant users

We then examined the prevalence of past-year (recent or
ctive) psychiatric disorders among all inhalant users and by
ender, age at onset of inhalant use, and history of substance
buse treatment (data not shown in a table). Approximately one-

uarter (26%) of lifetime inhalant users met criteria for a mood
isorder and a similar proportion (25%) met criteria for an anx-
ety disorder in the prior year. Overall, 38% of lifetime inhalant
sers experienced a mood or anxiety disorder in the past year.

d

c

istically significant effects.
ases were not included in the analysis.

here also were gender differences in recent anxiety disorders.
emale inhalant users were more likely than male inhalant users

o meet criteria for any anxiety disorder (37% versus 20%), panic
isorder without agoraphobia (11% versus 4%), specific phobia
22% versus 11%), and to experience three or more mood or
nxiety disorders (15% versus 8%) in the past year.

Although the prevalences of past-year mood and anxiety
isorders were higher for early-onset inhalant users than for
ater-onset inhalant users, none of these differences was sta-
istically significant. Elevated prevalences of past-year mood
isorders were reported by lifetime inhalant users with a history
f substance abuse treatment compared with untreated inhalant
sers (47% versus 24%). The pattern of the finding suggested
higher prevalence of past-year psychiatric disorders among

nhalant users who reported a history of substance abuse treat-
ent. Yet the small sample of treated inhalant users appeared to

imit the power to detect such differences.

.5. Temporal ordering of inhalant use, inhalant use

isorders, and comorbid psychiatric disorders

To understand the temporal ordering of inhalant use and
omorbid psychiatric disorders, we examined the mean age at
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nset of inhalant use and inhalant use disorders, as well as the
ean age at onset of each psychiatric disorder. For each condi-

ion, the mean age at onset was calculated in two subsamples: (1)
mong respondents who met criteria for that specific disorder
nd who also had ever used inhalants and (2) among respon-
ents who met criteria for that specific disorder regardless of
heir lifetime inhalant use (Table 2).

The mean ages at onset of inhalant use for inhalant users who
rogressed to inhalant abuse (16.1 years) or dependence (14.9
ears) were younger than the mean age at onset of inhalant use
mong all inhalant users (17.5 years). There was no difference in
he mean age at onset of inhalant abuse (17.0 years) and depen-
ence (16.9 years). Gender was not associated with the mean
ge at onset of inhalant use status.

For inhalant users who developed specific mood or anxiety
isorders, onset of social phobia (mean = 13.7 years) and spe-
ific phobia (mean = 13.8 years) typically preceded the onset of
nhalant use, whereas other mood and anxiety disorders typically
eveloped subsequent to inhalant use initiation. Among inhalant
sers, mania, hypomania, and major depression typically had
nsets in the early 20s, whereas dysthymia, generalized anxiety
isorder, and panic disorder generally developed in the mid-20s.
ender differences in the onset of psychiatric disorders among
nhalant users were observed for major depression only: female
nhalant users had a significantly earlier average age at onset
f major depression than male inhalant users (19.7 years versus
3.2 years).

t
f
i
u

able 2
ean age at onset of inhalant use, inhalant use disorders, mood disorders, and anx
lcohol and Related Conditions

ean age in years (S.E.) Mean age of onset of first inhalant use and m
of first episode of the disorders among respo
who developed that disorder and who also ha
used inhalantsa

Overall Men Women t-T
dif
P-v

nhalant use and disorder
Any inhalant usec 17.5 (0.22) 17.5 (0.26) 17.6 (0.45) 0.7
Inhalant abused 16.1 (0.40) 16.2 (0.44) 15.9 (0.86) 0.7
Inhalant dependencee 14.9 (0.90) 14.0 (0.72) 17.1 (0.86) 0.1

ood disorders
Major depression 22.1 (0.66) 23.2 (0.85) 19.7 (0.90) 0.0
Dysthymia 24.0 (1.30) 23.9 (1.58) 24.2 (2.25) 0.9
Mania 20.2 (1.21) 19.1 (1.14) 23.3 (2.74) 0.1
Hypomania 22.4 (1.73) 22.9 (1.66) 19.8 (4.75) 0.5

nxiety disorders
Panic disorder with agoraphobia 27.4 (3.49) 28.1 (4.15) 24.5 (3.99) 0.5
Panic disorder without agoraphobia 26.4 (1.06) 27.8 (1.66) 24.9 (1.65) 0.2
Social phobia 13.7 (0.92) 14.1 (1.11) 12.9 (1.40) 0.5
Specific phobia 13.8 (1.16) 13.6 (1.45) 14.1 (1.86) 0.8
Generalized anxiety disorder 24.9 (1.75) 25.2 (1.88) 24.4 (3.09) 0.8

umbers in bold indicate statistically significant effects.
a The analysis sample for each condition was restricted to respondents who met cri
b The analysis sample for each condition was restricted to respondents who met cri
c A total of eight inhalant users did not report age of first inhalant use and were not
d The analysis sample included respondents who met criteria for inhalant abuse and
e The analysis sample included respondents who met criteria for inhalant dependen
ol Dependence 88 (2007) 146–155

Our analysis of the mean age at onset of each disorder among
espondents who met criteria for that specific disorder regardless
f their inhalant use found a similar pattern of temporal ordering
f onsets indicating that inhalant use tended to occur before the
nset of most mood and anxiety disorders. This analysis also
uggested that onset of mood and anxiety disorder (i.e., major
epression, dysthymia, mania, panic disorder without agorapho-
ia, and generalized anxiety disorder) tended to occur earlier
mong inhalant users than among non-inhalant users.

.6. Correlates of psychiatric disorders among inhalant
sers

To control for the potentially confounding influences of
ociodemographic variations on the prevalence of psychiatric
isorders, we conducted multiple logistic regression analy-
es to specify the correlates of lifetime psychiatric disorders
eparately for any mood, anxiety, personality, and multiple
isorders (Table 3). Here, lifetime multiple disorders referred
o as having three or more mood, anxiety, and personality
isorders.

.6.1. Mood disorder. We found that onset of inhalant use prior

o age 13, lifetime substance abuse treatment, and a positive
amily history of psychopathology were each associated with
ncreased odds of a lifetime mood disorder. Lifetime inhalant
sers who reported each of these characteristics were about three

iety disorders: Data from the 2001–2002 National Epidemiologic Survey on

ean age
ndents
d ever

Mean age of onset of inhalant use disorder and mean
age of first episode of the disorders among
respondents who developed that disorder regardless
of inhalant useb

est for gender
ferences
alues

Overall Men Women t-Test for gender
differences
P-values

78
45 17.0 (0.56) 17.2 (0.62) 16.3 (1.01) 0.453
22 16.9 (1.04) 16.6 (1.20) 17.5 (2.16) 0.728

07 29.7 (0.22) 29.7 (0.38) 29.7 (0.23) 0.989
22 31.2 (0.40) 30.4 (0.72) 31.6 (0.46) 0.158
47 25.4 (0.40) 23.5 (0.57) 27.0 (0.53) <0.001
24 23.2 (0.43) 22.2 (0.57) 24.1 (0.61) 0.021

43 28.5 (0.66) 26.0 (1.23) 29.6 (0.74) 0.014
55 32.3 (0.39) 32.3 (0.73) 32.3 (0.49) 0.985
16 15.2 (0.32) 14.9 (0.48) 15.4 (0.39) 0.393
16 14.6 (0.24) 14.3 (0.39) 14.7 (0.28) 0.355
03 33.3 (0.46) 32.8 (0.79) 33.5 (0.50) 0.444

teria for that condition and who also had ever used inhalants.
teria for that disorder regardless of their inhalant use.
included in analyses.
who did not met criteria for inhalant dependence.

ce regardless of whether or not they had ever met criteria for inhalant abuse.
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Table 3
Adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for lifetime mood, anxiety, and personality disorders among lifetime inhalant users participating in
the 2001–2002 National Epidemiologic Survey on Alcohol and Related Conditions (unweighted N = 664)

Adjusted logistic regression analysis AOR (95% CI)

Any lifetime
mood disordera

Any lifetime anxiety
disordera

Any lifetime
personality disordera

Any three or more
lifetime disordersa

Age group
18–29 vs. 45 or older 0.76 (0.43–1.33) 0.51 (0.26–0.99)* 0.94 (0.55–1.58) 0.81 (0.38–1.76)
30–44 vs. 45 or older 1.00 (0.60–1.68) 0.66 (0.37–1.16) 0.84 (0.51–1.41) 0.97 (0.49–1.89)

Gender
Male vs. female 0.75 (0.50–1.12) 0.33 (0.20–0.52)*** 1.32 (0.86–2.03) 0.56 (0.33–0.95)*

Race/ethnicity
Black, Non-Hispanic vs. White 0.50 (0.23–1.09) 0.24 (0.09–0.64)** 1.15 (0.51–2.59) 0.47 (0.16–1.38)
Hispanic vs. White 1.73 (0.82–3.65) 0.70 (0.30–1.63) 0.83 (0.47–1.44) 0.52 (0.28–0.96)*

Otherb vs. White 1.02 (0.49–2.13) 1.41 (0.68–2.92) 1.13 (0.52–2.47) 1.20 (0.47–3.05)

Educational level
Less than high school vs. college or more 1.48 (0.76–2.88) 1.06 (0.56–2.01) 1.25 (0.68–2.32) 1.69 (0.81–3.53)
High school vs. college or more 1.02 (0.64–1.62) 0.95 (0.60–1.51) 1.29 (0.78 –2.12) 1.21 (0.59–2.46)

Marital status
Widowed/divorced/separated vs. married 1.52 (0.88–2.61) 0.92 (0.56–1.52) 1.61 (0.94–2.75) 1.46 (0.78–2.73)
Single vs. married 1.18 (0.68–2.04) 0.80 (0.46–1.40) 1.08 (0.62–1.89) 0.97 (0.48–1.98)

Total family income
$0–$19,999 vs. $75,000 or more 1.86 (0.91–3.79) 3.52 (1.70–7.28)** 2.71 (1.31–5.63)** 4.73 (1.62–13.80)**

$20,000–$39,999 vs. $75,000 or more 1.13 (0.58–2.20) 2.33 (1.13–4.80)* 1.38 (0.73–2.58) 2.40 (0.93–6.24)
$40,000–$74,999 vs. $75,000 or more 1.58 (0.85–2.94) 1.85 (0.98–3.49) 1.66 (0.86–3.20) 1.93 (0.74–5.04)

Age of onset of inhalant use
Before 13 years vs. 18 or older 2.97 (1.44–6.10)** 1.70 (0.73–3.97) 3.12 (1.56–6.25)** 2.83 (1.26–6.32)*

13–17 vs. 18 or older 1.34 (0.88–2.06) 1.21 (0.76–1.92) 1.60 (1.02–2.52)* 1.38 (0.77–2.47)

History of substance abuse treatment
Yes vs. no 2.61 (1.18–5.79)* 1.09 (0.50–2.39) 1.73 (0.86–3.50) 2.22 (1.01–4.85)*

Family history of psychopathology
Yes vs. no 3.12 (1.85–5.25)*** 1.94 (1.20–3.13)** 2.33 (1.43–3.79)*** 2.63 (1.53–4.54)***
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disorder. Female gender, low income, and a family history
P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. Numbers in bold indicate statistically sign
a Each separate logistic regression model included all variables listed in that
b Other included American Indian, Alaska Native, Asian, Native Hawaiian, a

imes as likely as those without such characteristics to develop
lifetime mood disorder.

.6.2. Anxiety disorder. Inhalant users who were 45 and older,
emale, White, in the two lowest categories of family income,
r with a family history of psychopathology had an increased
ikelihood of meeting criteria for a lifetime anxiety disorder. For
xample, lifetime inhalant users who reported a family history
f psychopathology were 1.9 times as likely as those who did
ot report such a history to meet criteria for an anxiety disorder.

.6.3. Personality disorder. Among inhalant users, being in the
owest category of family income, initiating inhalant use in ado-
escence, and reporting a family history of psychopathology
ere significantly associated with increased odds of having a
ersonality disorder. In particular, inhalant users who initiated
nhalant use before age 13 were 3.1 times as likely as those who

nitiated inhalant use in adulthood to have a personality disorder.

.6.4. Multiple psychiatric disorders. Relative to male and His-
anic inhalant users, female and white inhalant users were

o
o
i
y

t effects.
n.
cific Islander.

ignificantly more likely to meet criteria for three or more psy-
hiatric disorders in their lifetime. Multiple lifetime diagnoses
as associated with being in the lowest category of family

ncome, onset of inhalant use prior to age 13, a lifetime history of
ubstance abuse treatment, and a family history of psychopathol-
gy.

.6.5. Past-year psychiatric disorders. We report the findings
f past-year psychiatric disorders in Table 4. Here, we focus
n recent or active mood and anxiety disorders that are highly
urdensome to respondents and society and that are likely
o warrant immediate attention for interventions or treatment.
iagnoses of past-year personality disorders were not available.
mong inhalant users, less education, prior use of substance

buse treatment services, and a family history of psychopathol-
gy predicted increased odds of experiencing a recent mood
f psychopathology were each associated with increased odds
f having a recent anxiety disorder as well as experienc-
ng three or more mood and/or anxiety disorders in the prior
ear.
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Table 4
Adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for past-year mood and anxiety disorders among lifetime inhalant users participating in the 2001–2002
National Epidemiologic Survey on Alcohol and Related Conditions (unweighted N = 664)

Adjusted logistic regression analysis AOR (95% CI)

Any past-year
mood disordera

Any past-year
anxiety disordera

Three or more past-year
mood or anxiety disordersa

Age group
18–29 vs. 45 or older 1.12 (0.57–2.20) 0.73 (0.37–1.44) 1.13 (0.30–4.28)
30–44 vs. 45 or older 1.52 (0.81–2.83) 0.72 (0.40–1.29) 1.23 (0.35–4.29)

Gender
Male vs. female 0.79 (0.49–1.28) 0.36 (0.23–0.56)*** 0.25 (0.10–0.64)**

Race/ethnicity
Hispanic vs. White 1.33 (0.64–2.77) 0.49 (0.20–1.20) 0.64 (0.16–2.55)
Otherb vs. White 0.82 (0.42–1.59) 0.49 (0.21–1.13) 0.29 (0.06–1.53)

Educational level
Less than high school vs. college or more 2.53 (1.37–4.66)** 1.55 (0.93–2.56) 1.17 (0.34–4.08)
High school vs. college or more 1.89 (1.11–3.24)* 1.25 (0.75–2.11) 1.09 (0.39–3.03)

Marital status
Widowed/divorced/separated vs. married 1.64 (0.90–3.00) 0.83 (0.44–1.56) 0.70 (0.19–2.62)
Single vs. married 1.75 (0.96–3.19) 0.65 (0.34–1.23) 0.72 (0.18–2.86)

Total family income
$0–$19,999 vs. $40,000 or more 1.67 (0.92–3.04) 2.25 (1.24–4.09)** 7.98 (2.11–30.14)**

$20,000–$39,999 vs. $40,000 or more 0.93 (0.52–1.68) 1.66 (0.88–3.14) 6.04 (1.48–24.54)*

Age of onset of inhalant use
Before 13 years vs. 18 or older 1.56 (0.71–3.44) 1.88 (0.82–4.30) 0.41 (0.07–2.37)
13–17 vs. 18 or older 0.99 (0.60–1.61) 1.03 (0.62–1.71) 0.67 (0.26–1.70)

History of substance abuse treatment
Yes vs. no 2.28 (1.04–4.99)* 1.50 (0.69–3.26) 1.71 (0.36–8.19)

Family history of psychopathology
Yes vs. no 2.70 (1.67–4.37)*** 1.72 (1.08–2.76)* 4.32 (1.61–11.59)**

*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. Numbers in bold indicate statistically significant effects.
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a Each separate logistic regression model included all variables listed in that
b Other included Black, American Indian, Alaska Native, Asian, Native Haw

.7. Inhalant use and risk for psychiatric disorder

Finally, we determined whether lifetime inhalant users were
ignificantly more likely than non-inhalant users to develop a
sychiatric disorder in their lifetime. To control for age and gen-
er effects on the risk for developing a psychiatric disorder, we
tratified the whole NESARC sample by gender, matched all
nhalant users with non-inhalant users on age, and conducted
onditional logistic regression analyses to determine the influ-
nce of a history of inhalant use on the likelihood of having a
ifetime psychiatric disorder (i.e., any mood, anxiety, and per-
onality disorders).

Age-matched conditional logistic regression procedures
data not shown in a table) found that lifetime inhalant use
as significantly associated with increased odds of meeting

riteria for having one or more psychiatric disorders for both
ales (crude OR = 4.9; 95% confidence interval [CI] = 4.0–6.0)

nd females (crude OR = 3.6; 95% CI = 2.6–4.9). Even after

ontrolling for race/ethnicity, educational level, marital status,
nnual family income, and a family history of psychopathol-
gy, male inhalant users were 4.1 times (95% CI = 3.4–5.0) and
emale inhalant users were 2.9 times (95% CI = 2.1–4.0) as likely

o
d

d

n.
and Pacific Islander.

s their same-gender, age-matched non-inhalant-using peers to
eet criteria for one or more lifetime psychiatric disorder.

. Discussion

In this national sample of American adults, approximately
ne in five lifetime inhalant users had ever progressed to an
nhalant use disorder. Other psychiatric disorders are highly
revalent among lifetime inhalant users nationally. Of all
nhalant users, we found that 41% met criteria for lifetime

ajor depression and 32% met criteria for antisocial person-
lity disorder. The prevalence of any personality disorder were
ubstantially higher among inhalant users (45%) compared with
he prevalence among the overall sample of NESARC respon-
ents (15%) (Grant et al., 2004a,c). Overall, 70% of all inhalant
sers in this study had at least one lifetime personality, mood, or
nxiety disorder and 38% experienced a mood or anxiety disor-
er in the past year. About one-half (49%) of those with at least

ne lifetime diagnosis met criteria for three or more psychiatric
isorders.

Our findings suggest that inhalant users are a particularly
isadvantaged subgroup of substance users afflicted with a very
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igh prevalence of psychiatric disorders (Dinwiddie, 1994; Wu
t al., 2005). Inhalant users also confront significant social chal-
enges. About two-thirds are widowed, divorced or separated or
ave never married; a majority report an annual family income
f less than $40,000; and a sizable minority have a high school
r less education. In conjunction with such a socioeconomic dis-
dvantage, a high prevalence of psychiatric disorders is likely to
esult in significantly curtailed occupational, interpersonal, and
ther life opportunities for inhalant users.

Consistent with findings of other studies that did not focus
pecifically on inhalant users, we found that women were more
ikely than men to meet criteria for depression and anxiety dis-
rders (Breslau et al., 2000), but were less likely than men to
eet criteria for antisocial personality disorder (Grant et al.,

004a). Although Grant et al. (2004a) reported a significantly
igher prevalence of avoidant, dependent, and paranoid person-
lity disorders in women relative to men in the overall NESARC
ample, significant gender differences were not observed across
hese disorders in this study of lifetime inhalant users.

Adjusted logistic regression analyses underscored the impor-
ance of low income, early age at onset of inhalant use, female
ender, and a history of family psychopathology in influencing
he risk for lifetime psychiatric disorders in inhalant users. It is
lear that a family history of psychopathology conveys a high
isk for both internalizing and externalizing disorders among
nhalant users. Its influences on inhalant use and psychopathol-
gy may be directly and indirectly linked with biological and
nvironmental factors (e.g., dysfunctional family, poverty, poor
arenting, school difficulties, and affiliating with deviant peers)
Brennan et al., 2002; Moss et al., 2002; Wilens et al., 2002).
ur findings suggest that adolescent inhalant users with family
istories of psychopathology may benefit from early prevention
nterventions that enhance their psychosocial health, academic
erformance, self-esteem, and coping skills.

High prevalences of comorbid psychiatric disorders among
emales were identified. Our findings suggest that female
nhalant users may have a worse course of psychopathology
n their adult lives than males’. They are more likely than male
nhalant users to experience three or more lifetime and past-
ear psychiatric disorders and are particularly susceptible to the
evelopment of anxiety disorders. Female adolescents appear to
ave increased their inhalant use to match the rate of male ado-
escents (Wu et al., 2004). Recent national surveys also reveal
n increased prevalence of inhalant use among youths in school
Johnston et al., 2006). Hence, inhalant use and its consequences
mong females warrant greater research attention. Research on
ender variations in psychiatric consequences of inhalant use
mong adolescents and young adults is recommended and col-
aborative efforts identifying effective interventions to delay or
revent the onset of inhalant use are needed.

There are limitations to the NESARC design. Our findings
re derived from a cross-sectional survey of respondents; no
ausal inferences can be drawn from them. It is possible that

nhalant use per se plays no role whatsoever in the high preva-
ence of psychiatric disorders observed among inhalant users
ationally. Nonetheless, it may well be useful for clinical and
revention purposes to identify a marker, such as inhalant use,
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hat is reliably associated with a range of treatable mental disor-
ers. Retrospective studies of drug use requiring respondents to
ecall prior behaviors over lengthy periods of time also are sub-
ect to potential biases including reluctance to report stigmatized
ehaviors and forgetting. Given that some survey participants
ay have commenced inhalant use early in life or have very

rief histories of inhalant use, problems in recall may be partic-
larly relevant to investigations of inhalant use among adults. It
s also important to note that the NESARC inhalant assessment
as limited to a small (though important) set of agents, which
ay have accounted for the relatively low prevalence of inhalant

se.
Nonetheless, the NESARC has important advantages over

he other national surveys. Although the National Survey on
rug Use and Health (Wu et al., 2004, 2005; Wu and Ringwalt,
006) includes a detailed assessment of specific types of inhalant
se, it includes no formal diagnostic assessments for lifetime
sychiatric disorders. The Monitoring the Future survey of stu-
ents does not collect information pertaining to inhalant use
isorders or other psychiatric disorders (Johnston et al., 2006).
hus, NESARC data provide a unique opportunity to examine
omorbid psychiatric disorders among inhalant users nationally.

The very high prevalence of both lifetime and past-year
sychiatric disorders among adult lifetime inhalant users has
mportant implications for mental health treatment and future
esearch. Screening for psychiatric disorders among adults who
eport a history of inhalant use may help identify individuals
ho are in need of psychiatric counseling or treatment. Early

dentification and referrals to effective treatment services could
educe the cost and consequences of psychiatric disorders. Rel-
tively little is known about the natural history or long-term
onsequences of inhalant use. This investigation indicates that
ost mood and anxiety disorders, except for social and specific

hobias, generally developed after the onset of both inhalant
se and inhalant use disorders. Previous studies also found that
hobias, except for agoraphobia, tended to have an early onset
ge and predicted later onsets of psychiatric disorders (Compton
t al., 2000; Magee et al., 1996). Our findings suggest several
ines of research for future investigations, including the roles
hat social and specific phobias, temperament, negative affect,
nd early life experiences (e.g., living in a family with parental
sychopathology) may play in the initiation of inhalant use and
ransition to a psychiatric disorder. The possible independent
nd interactive effects of phobias and inhalant use on the risk
or later occurrences of psychiatric disorders also deserve further
nquiry. A great deal more needs to be learned about the natural
istory of inhalant use both with regard to comorbid psychiatric
isorders and possible methods by which such disorders can be
dentified, treated, and prevented.
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