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Inhalant Abuse 
Introduction 

Although inhalant use has received more attention recently, it still is considered an 
understudied phenomenon of drug-taking (Balster, 1993; Dinwiddie, 1994; NIDA, 1994). 
Nonetheless, in recent years, associations between inhalant use and an array of physical 
hazards have been documented (Al-Alousi, 1989; Byrne et al., 1991; Chadwick et al., 1991; 
Esmail et al., 1993; Garriot, 1993). Recognition of these hazards has increased the level of 
concern about a persisting use of inhalants among adolescents in the US as well as 
internationally (Johnston, 1993; WHO Report, 1992). 
 
For many youths, use of inhalants seems to be a relatively transient, but potentially hazardous 
pattern of drug-taking (Edwards and Oetting, 1995). 
 
Of particular concern is that adolescent inhalant users might be at increased risk of 
progressing in their use of illicit drugs to the point of starting to use heroin and injection drug 
use. Some early studies found that approximately one-forth of heroin users in treatment 
reported a history of inhalant use (Kremer, 1972; Langrod, 1970). Later studies have indicated 
that those with a history of inhalant use might be a special subgroup of heroin users and part 
of a 'deviant group within a deviant group' (D'Amanda et al., 1977). For example, D'Amanda 
et al. (1977) found that among 133 male heroin users in treatment, those who had ever sniffed 
glue were abusing twice as many different substances, on average, as those who did not. 
 
Inhalant users also were characterized by a more self destructive life-style, including a 
significantly increased likelihood of having attempted suicide. Similar findings were reported 
by Altenkirch and Kindermann (1986), who studied 574 injecting opiate users and found that 
those with a history of inhalant use could be differentiated as a marginal group with 
particularly unfavorable developmental conditions and a specifically more adverse course of 
addiction. In a cross-sectional study of 2143 subjects composed of 503 persons in alcohol 
treatment and 1640 of their relatives, Dinwiddie et al. (1991) found evidence that a history of 
solvent use might indicate individuals at higher than average risk for IV drug use. 
 
The extensive capillary surface area of the lungs makes inhalation a favored method of 
administration of many psychoactive drugs, ranging from nicotine to opiates. Indeed, uptake 
is so rapid that the effect of inhalation can resemble intravenous injection in its intensity. 
However, while most drugs of abuse may be taken in a variety of ways, a group of 
psychoactive substances exists for which direct inhalation is virtually the only route of self-
administration. 

 
Pharmacology and toxicology of inhalants 

Though inhalant abusers may prefer one particular because of odour or taste, individuals may 
use a variety of different agents, depending on availability and price. In addition, many of 
these preparations contain several different ingredients. Thus, it is not always possible to 
delineate the pharmacological properties or toxic effects of these chemicals in habitual users.  
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Mechanism of action 
Once inhaled, blood levels of most inhalants peak within minutes, and are rapidly taken up 
into fat stores, including lipids within the central nervous system. 
 
While the inhalants have similar behavioural effects (and possibly neurophysiological 
actions), metabolism and elimination vary depending on their specific chemical properties. 
 
Aliphatic hydrocarbons are more likely to be eliminated unchanged via respiration, whereas 
aromatic hydrocarbons tend to be metabolized via the hepatic microsomal system then 
glucuronidated and excreted via the kidneys. 
 
However, it should be kept in mind that many studies of the pharmacokinetics of inhalants 
have been carried out in industrial workers exposed to low levels of individual compounds 
and therefore may not be applicable to abusers, who may be exposed acutely to high levels of 
several substances simultaneously. 
 

Tolerance and withdrawal 
Tolerance has been described in humans. Press & Done felt that it occurred in most habitual 
users, while Evans & Raistrick found "clear evidence" of tolerance among 12 of 12 butane 
users and 22 of 31 users of toluene studied by them. 
 
A withdrawal syndrome lasting 2-5 days, characterized by sleep disturbance, nausea, tremor, 
diaphoresis, irritability and abdominal and chest discomfort has also been described among 
chronic users, and a syndrome resembling delirium tremens following cessation of use has 
been reported. However, it is possible that most heavy users of inhalants use multiple classes 
of drugs. 
 

Physical complications 
"Sudden sniffing death" most frequently appears to be related to acute cardiac arrhythmia. 
Inhalants appear to be myocardial depressants as well as possibly sensitizing the myocardium 
to the action of epinephrine, an effect which may be further enhanced by hypoxia. In this 
regard, fuel gases and aerosols appear more directly toxic than adhesives. Death may also 
result acutely from a variety of other causes, such as trauma, asphyxia or aspiration, though 
the role of inhalants in these fatalities may not always be recognized. 
 
Given the wide variety of inhalants used, it is not surprising to find a tremendous range of 
acute and chronic physical problems which have been attributed to abuse or occupational 
exposure. CNS damage based on clinical examination and neuro-imaging studies in 13 of 20 
(65%) chronic solvent abusers, and Rosenberg et al. found abnormalities based on clinical 
examination. Cerebellar disease has been most commonly associated with toluene exposure; 
in one series, cerebellar signs were noted in 11 of 24 toluene abusers referred for drug 
treatment. 
 
Series of patients indicate that repeated inhalant use may be associated with diffuse cerebral 
involvement, which in some instances may lead to dementia associated with generalized 
cerebral atrophy and demyelination. Abnormal EEG or evoked potentials may also be seen in 
chronic abusers. "Delinquent solvent inhalers", found impairments in memory, attention, 
concentration and non-verbal intelligence. 
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Abuse of volatile substances may also result in bone marrow suppression. Finally, a pattern of 
developmental delay, behavioural deficits, microcephaly and minor craniofacial and limb 
abnormalities has been described in several children prenatally exposed to toluene, although 
there are other reports of prenatal exposure without apparent sequelae. 
 

Progression to other drug use 
Two studies which did not select subjects based on treatment for opiate addiction have also 
suggested a high rate of polydrug use among those with a history of inhalant use. In the first, a 
survey from Nova Scotia performed in 1969, 1606 secondary school students were surveyed 
about their drug use. At that time, 15% of respondents reported use of solvents. As well, these 
individuals were markedly more likely to report use of other substances: risk for cannabis use 
was elevated by a factor of three, while for use of barbiturates or hallucinogens the risk was 
increased eight-fold, and the lifetime rate of opiate use among solvent users was increased 
almost 14 times over the rate among non-users. 
 
Another study, though not from a general population sample, found similar results. 
Dinwiddie, Reich & Cloninger, using data from a large family study of alcoholism, found that 
significant percentages of those who reported any lifetime use of psychoactive substances had 
used inhalants: 13% of those who had used cannabis, 18% of stimulant users, 26% of 
sedative-hypnotic users, 27% of hallucinogen users and 31% of opioid users. Of the 130 
subjects who reported any inhalant use, 93% had used at least three additional classes of illicit 
psychoactive drugs; 68% had used substances from every class of drug inquired about. 
Inhalant users began using other drugs significantly earlier than those without a history of 
inhalant use, and any history of inhalant use increased odds of using other psychoactive drugs 
by factors of 5-10 fold. 

 
Inhalants and injecting drug use 

Schutz, Chilcoat & Anthony replicated this finding in a general population sample of 9259 
subjects, using the 1990 Household Survey on Drug Abuse data. In that analysis, after 
adjusting for effects of gender, race, economic status, age and history of cannabis use, they 
found that those with a history of inhalant use were 5.4 times more likely to inject drugs, 
while the odds of injecting among those who had used both cannabis and inhalants were 
increased by a factor of 88 relative to those who had used neither. 
 
A third study to investigate this relationship used an extensive structured interview to evaluate 
545 treatment-seeking drug users. Again, it was found that the odds of injecting, given a 
history of inhalant use, were increased by a factor of 3.6, while odds for use of specific drugs 
such as cocaine, opioids or hallucinogens were increased by factors of 5-10. 

 
Inhalant use and psychiatric co-morbidity 

Far more commonly mentioned in association with inhalant use is delinquent behaviour 
"ranging from truancy and shoplifting to attempted homicide", an observation made 
repeatedly by researchers since the early 1960s. Reed & May, comparing 100 chronic inhalant 
abusers to other delinquents, found that the inhalant abusers tended to be arrested at a younger 
age and had substantially higher rates of arrest for a wide variety of crimes, including status 
offenses, property crimes and violent offenses. Conversely, inhalant abuse has been reported 
in 65% of 23 teenage boys residing at a residential facility for delinquents and 43% of 47 
admissions to a regional assessment centre for delinquent boys. 
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Crites & Schuckit studied 757 primarily white, middle-class adolescents referred to 
counselling because of alcohol-related offenses. Of those, 120 (16%) had a history of inhalant 
use. Compared to youths who either had used drugs other than cannabis or inhalants or who 
had used alcohol but no other drugs, the inhalant-using subjects had worse academic 
performance, more behavioural problems and more drug- and alcohol-related problems. They 
also were significantly more likely to merit a diagnosis of antisocial personality disorder 
(ASPD); using standardized diagnostic criteria, 23% of this group could be assigned this 
diagnosis. 
 

Conclusion 
It is clear, for example, that any use can- and all too frequently does- lead to sudden death. 
While it appears that some inhalants (e.g. butane or aerosol propellants) may be associated 
with higher risk of sudden death. 
 
Clearly the major risk from VSA is that of sudden death. Up to 30 to 40 percent of VSA-
related sudden deaths in the United Kingdom occur in first-time or near first-time users. 
Conversely, experience with VSA does not provide complete protection against the risk of 
sudden death. In addition, evidence associating repeated VSA with a range of chronic 
disorders continues to accumulate. The widespread availability of abusable substances, often 
in pure form and at relatively low cost (petrol, for example), means that it is very difficult to 
control the practice by limiting supply. Treatment of the chronic abuser and, if possible, 
prevention through education, counselling and by other means thus assumes great importance. 
A holistic approach in which volatile substances are considered together with alcohol, tobacco 
and other drugs seems the best way forward. 
 

References 
• Al-Alousi L. M. (1989) Pathology of volatile substance abuse: a case report and a 

literature review. Medicine Science Law 29(3), 189-208.  
• Altenkirch H. and Kindermann W. (1986) Inhalant abuse and heroin addiction: a 

comparative study on 574 opiate addicts with and without a history of sniffing. 
Addictive Behaviors 11, 93-104.  

• Balster R. L. (1993) Methodological approaches for behavioral studies of abused 
inhalants. In: Brasil - United States Binational Research (Monteiro M. G. and Inciardi 
J. A., eds.), pp. 3-8. CEBRID, Sao Paulo, Brasil.  

• Chadwick O., Anderson H. R., Bland R. M. and Ramsey J. (1991) Solvent Abuse: A 
Population-Based Neuropsychological Study. Springer Verlag, New York.  

• Dinwiddie S. H. (1994) Abuse of inhalants: a review. Addiction 89, 925-939.  
• Dinwiddie S. H., Reich T. and Cloninger C. R. (1991) Solvent use as a precursor to 

intravenous drug abuse. Comprehensive Psychiatry 32(2), 133-140.  
• Esmail A., Meyer L., Pottier A. and Wright S. (1993) Deaths from volatile substance 

abuse in those under 18 years: results from a national epidemiological study. Archives 
of Diseases in Childhood 69, 356-360.  

• Edwards R. W. and Oetting E. R. (1995) Inhalant use in the United States. In: NIDA 
Research Monograph 148: Epidemiology of Inhalant Abuse: An International 
Perspective.  

• Garriot J. C. (1993) Death Among Inhalant Abusers. In: NIDA Research Monograph 
129: Death Among Inhalant Abusers.  

• NIDA (1994) Inhalant Abuse - Its Dangers Are Nothing To Sniff At. NIDA Research 
Reports Series.  

• WHO Report 1992.  



 

Inhalant Abuse 
 

 Page 5  

• Blum K. (1984) Solvent and aerosol inhalants, in: BLUM, L. Handbook of Abusable 
Drugs, p. 211 (New York, Gardner Press).  

• Morton H. G. (1987) Occurrence and treatment of solvent abuse in children and 
adolescents, Pharmacology and Therapeutics, 33, pp. 449-469.  

• Flanagan R. J. Ruprah M. Meredith T. J. & Ramsey J. D. (1990) An introduction to 
the clinical toxicology of volatile substances, Drug Safety, 5, pp. 359-383.  

• Linden C. H. (1990) Volatile substances of abuse, Emergency Medicine Clinics of 
North America, 8, pp. 559-578.  

• Kelly T. W. (1975) Prolonged cerebellar dysfunction associated with paint-sniffing, 
Pediatrics, 56, pp. 605-606.  

• Sharp C. W. & Rosenberg N. L. (1992) Volatile substances, in: Lowinson J. H. Ruiz 
P. Millman R. B. & Langrod J. G. (Eds) Substance Abuse: A Comprehensive 
Textbook, pp. 303-327 (Baltimore, Williams and Wilkins).  

• Al-Alousi L. M. (1989) Pathology of volatile substance abuse: A case report and a 
literature review, Medicine Science and the Law, 29, pp. 189-202.  

• Dinwiddie S. H. (1993) Inhalants, in: Miller N. & Doot M. (Eds) Principles of 
Addiction Medicine, in press.  

• Press E. & Done A. K. (1967) Physiologic effects and community control measures 
for intoxication from the intentional inhalation of organic solvents. II, Pediatrics, 39, 
pp. 611-622.  

• Evans A. C. & Raistrick, D. (1987) Phenomenology of intoxication with toluene-
based adhesives and butane gas, British Journal of Psychiatry, 150, pp. 769-773.  

• Knox J. W. & Nelson J. R. (1966) Permanent encephalopathy from toluene inhalation, 
New England Journal of Medicine, 275, pp. 1494-1496.  

• Nylander I. (1962) "Thinner" addiction in children and adolescents, Acta 
Paedopsychiatrica, 29, pp. 273-283.  

• Merry J. & Zachariadis N. (1962) Addiction to glue sniffing, British Medical Journal, 
2, p. 1448.  

• Ackerly W. C. & Gibson G. (1964) Lighter fluid "sniffing", American Journal of 
Psychiatry, 120, pp. 1056-1061.  

• Esmail A. Anderson H. R. Ramsey J. D. Taylor J. & Pottier A. (1992) Controlling 
deaths from volatile substance abuse in under 18s: The effects of legislation, British 
Medical Journal, 305, p. 692.  

• King G. S. Smialek J. E. & Troutman W. G. (1985) Sudden death in adolescents 
resulting from the inhalation of typewriter correction fluid, Journal of the American 
Medical Association, 253, pp. 1604-1606.  

• Wodka R. M. & Jeong E. W. S. (1989) Cardiac effects of inhaled typewriter 
correction fluid, Annals of Internal Medicine, 110, pp. 91-91.  

• Shepherd R. T. (1989) Mechanism of sudden death associated with volatile substance 
abuse, Human Toxicology, 8, pp. 287-292.  

• Rosenberg N. L. Spitz M. C. Filley C. M. Davis K. A. & Schaumburg H. H. (1988) 
Central nervous system effects of chronic toluene abuse- Clinical, brainstem evoked 
response and magnetic resonance imaging studies, Neurotoxicology and Teratology, 
10, pp. 489-495.  

• Grabski D. A. (1961) Toluene sniffing producing cerebellar degeneration, American 
Journal of Psychiatry, 118, pp. 461-462.  

• Boor J. W. & Hurtig H. I. (1977) Persistent cerebellar ataxia after exposure to toluene, 
Annals of Neurology, 2, pp. 440-442.  

• Lolin Y. (1989) Chronic neurological toxicity associated with exposure to volatile 
substances, Human Toxicology, 8, pp. 293-300.  



 

Inhalant Abuse 
 

 Page 6  

• Fornazzari L. Wilkinson D. A. Kapur B. M. & Carlen P. L. (1983) Cerebellar cortical 
and functional impairment in toluene abusers, Acta Neurologica Scandinavica, 67, pp. 
319-329.  

• Lazar R. B. Ho S. U. Melen O. & Daghestani A. N. (1983) Multifocal central nervous 
system damage caused by toluene abuse, Neurology, 33, pp. 1337-1340.  

• Valpey R. Sumi S. M. Copass M. K. & Goble G. J. (1978) Acute and chronic 
progressive encephalopathy due to gasoline sniffing, Neurology, 28, pp. 507-510.  

• King M. D. Day R. E. Oliver J. S. Lush M. & Watson J. M. (1981) Solvent 
encephalopathy, British Medical Journal, 283, pp. 663-665.  

• Streicher H. Z. Cabow P. Moss A. Kono D. & Kaehny W. D. (1981) Syndromes of 
toluene sniffing in adults, Annals of Internal Medicine, 94, pp. 758-762.  

• Hersh J. H. Podruch P. E. Rogers G. & Weisskopf B. (1985) Toluene embryopathy, 
Journal of Pediatrics, 106, pp. 922-927.  

• Hersh J. H. (1989) Toluene embryopathy: Two new cases, Journal of Medical 
Genetics, 26, pp. 333-337.  

• Barker G. H. & Adams W. T. (1963) Glue sniffers, Sociology and Social Research, 
47, pp. 298-310.  

• Press E. & Done A. K. (1967) Physiologic effects and community control measures 
for intoxication from the intentional inhalation of organic solvents. I, Pediatrics, 39, 
pp. 451-461.  

• Crites J. & Schuckit M. A. (1979) Solvent misuse in adolescents at a community 
alcohol center, Journal of Clinical Psychiatry, 40, pp. 39-43.  

• Massengale O. N. Glaser H. H. LeLievre R. E. Dodds J. B. & Klock M. E. (1963) 
Physical and psychologic factors in glue sniffing, New England Journal of Medicine, 
269, pp. 1340-1344.  

• Compton W. M. Cottler L. B. Dinwiddie S. H. Mager D. E. & Asmus G. (1994) 
Inhalant use: Characteristics and predictors, American Journal on Addiction, in press.  

• Whitehead P. C. (1974) Multidrug use: supplementary perspectives, International 
Journal of the Addictions, 9 (2), pp. 185-204.  

• Dinwiddie S. H. Reich T. & Cloninger C. R. (1991) The relationship of solvent use to 
other substance use, American Journal of Drug and Alcohol Abuse, 17, pp. 173-186.  

• Schutz C. G. Chilcoat H. D. & Anthony J. C. (1994) The association between sniffing 
inhalants and injecting drugs, Comprehensive Psychiatry, 35, pp, 99-105.  

• Reed B. J. F. & May P. A. (1984) Inhalant abuse and juvenile delinquency: A control 
study in Albuquerque, New Mexico, International Journal of the Addictions, 19, pp. 
789-803.  

• Lockhart W. H. & Lennox M. (1983) The extent of solvent abuse in a regional secure 
unit sample, Journal of Adolescence, 6, pp. 43-55.  

• Yamanouchi N. Okada S. Kodama K. & Sato T. (1998) Central nervous system 
impairment caused by chronic solvent abuse-A review of Japanese studies on the 
clinical and neuroimaging aspects, Addiction Biology, 3, pp. 15-27.  

• Siegel E. & Wason S. (1997) Sudden Sniffing Death Following Inhalation of Butane 
and Propane: Changing Trends, NIDA Monograph 129, Inhalant Abuse A Volatile 
Research Agenda.  

• Swadi, H. (1996) Psychiatric Symptoms in Adolescents Who Abuse Volatile 
Substances, Addiction Research, 4(1), pp. 1-9.  

• Beauvais, F. (1997) Research Topics for the Problem of Volatile Solvent Abuse, 
Drugs & Society, 10(1/2) pp. 103-107.  

 


