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Deaths from volatile substance abuse in those
under 18 years: results from a national
epidemiological study

A Esmail, L Meyer, A Pottier, S Wright

Abstract
The epidemiology of deaths from volatile
substance abuse (VSA) in those under 18
years that occurred in the UK from
1981-90 is described. The analysis of
deaths is based on a national register,
which has information obtained from a
regular survey of coroners, the Office of
Population Censuses and Surveys, and a
press clippings agency.

Altogether 605 people under 18 died from
VSA during this period. Seventy per cent of
deaths occurred between the ages of 14 and
16. The largest number of deaths were
attributed to butane gas lighter refills.
There was a large north-south gradient in
age specific mortality ratios (Scotland 180,
south east England 87) and nearly four
times as many deaths occurred in social
class V compared with social class I.
Deaths from VSA are an important and

preventable cause ofdeaths in those under
18. Strategies aimed at prevention should
include measures to reduce experimenta-
tion, intervention to reduce socioeco-
nomic deprivation, and health education
campaigns aimed at schools and parents.
(Arch Dis Child 1993; 69: 356-360)

Table 1 Frequently abused volatile substances
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Product

Adhesives
Contact adhesives
PVC cement
Balsa wood cement
Cycle tyre repair kit
Latex
Super Glue

Aerosols
Air freshener
Deodorants
Fly spray

Hair lacquer
Local analgesic spray
Paint

Anaesthetic agents
Liquid
Gaseous
Local

Cosmetics
Nail varnish remover

Dry cleaning agents
Degreasing agents
Fire extinguishers

Fuel gases
Cigarette lighter refills
Butane
Propane

Paint stripper
Spot removers and dry cleaners

General

Tar remover
Typewriter correcting fluid

and thinners

Volatile component

Toluene mostly
Trichloroethylene
Ethylene acetate mostly
Toluene and xylene
White spirit
No significant products

Propellant 1 1 and 12
Propellant 11 and 12
Propellant 11 and 12 and
butane

Propellant 11 and 12
Propellant 11 and 12
Propellant 11 and 12 and

esters

Halothane
Nitrous oxide
Propellant 11 and 12

Acetone and esters
Tetrachloroethylene
1, 1, 1-trichloroethylene
Bromochlorodifluromethane,

propellant 11 and 12

n-butane and isobtane
n-butane and isobutane
Propane and butane isomers
Dichloromethane, toluene

1, 1,1-trichloroethane,
tetrachloroethylene,
trichlorethylene

White spirit

1,1, 1-trichloroethane

Each year in the UK, between 80 and 100
people under the age of 18 years die from
volatile substance abuse (VSA). The chief
medical officer of the Department of Health in
England referred to these deaths as a 'waste of
young lives'.' Deaths from VSA are an
important cause of death and in this age group
represent nearly 5% of all deaths with one in
10 deaths at age 15 being due to VSA.2
Although the epidemiology ofVSA has been

described for all age groups, no previous report
has concentrated specifically on those under
18. This is partly because, until recently, there
have not been enough deaths in this age group
to carry out a useful epidemiological analysis.
Because most of the preventive measures
including education and legislation have been
directed at reducing deaths in children and
young people, an understanding of the
epidemiology of deaths in this age group
should provide useful insights into aetiology,
prevalence, and preventative strategies.

Background to volatile substance abuse
The deliberate inhalation ofvolatile substances
for recreational purposes is commonly, though
somewhat inaccurately, known as 'glue
sniffing' or 'solvent abuse'. The term glue
sniffing does not do justice to the range of
products that are abused or the actual route of
inhalation (usually through the mouth rather
than sniffed). The term solvent abuse can be
criticised on the grounds that some of the
products that are inhaled for their intoxicating
effects, such as butane, are not solvents. Table
1 lists some of the more frequently abused
products together with the main volatile
substances they contain.

Volatile substances are abused because they
cause pleasurable changes in mood, an altered
state of consciousness, or hallucinations.3
The physical form of the product usually
determines the mode of abuse - deep inhala-
tion via the nose and mouth is usually
involved, not simple 'sniffing'.4 The solvent
vapour may be inhaled by various techniques
designed to maximise and regulate the
available concentration. For example, contact
adhesives are usually poured into plastic bags
or empty crisp packets whereas liquids may be
poured onto fabrics such as coat sleeves or
handkerchiefs or into cutaway plastic bottles
such as empty detergent containers; plastic
bags may also be filled from aerosol cans.
Halon containing fire extinguishers, fuel gas
cylinders, and cigarette lighter refills are
sometimes sprayed directly into the mouth.4
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On inhalation, the substances pass rapidly
into the blood from the alveoli. They are pref-
erentially absorbed into fatty stores and the
brain.4 The first effect of inhalation is euphoria
and is usually obtained very quickly. Higher
doses often lead to less pleasant and more
dangerous effects.5 Changes in perception may
precede bizarre and frightening hallucinations
while ataxia and confusion may lead to
accidents.4 Vomiting can also occur, with the
risk of asphyxia from inhalation of stomach
contents. Sudden death may occur as a result
of cardiac arrhythmias.6

Prevalence studies in secondary schools
suggest that between 3-5 and 10% of young
people in the UK have experimented with VSA
and 0-5-1% are current users.7-10 Several
factors appear to contribute to the continuing
popularity of VSA among young people. The
products are cheap and readily available and
the packages, for example typewriter correc-
tion fluid and thinner, are convenient, easily
concealed, and possession is not illegal. Unlike
under age drinking, VSA is not illegal and the
onset of effects and recovery can be rapid, and
thereby a distinct advantage for a child who
'sniffs' after school and who is able to return
home sober.3

Although there is considerable variation on a
year to year basis (figure), there has been a
gradual increase in the death rate from
1981-90 (change in deviance due to trend,
X2=91-62, p=-0<0001, df=1). There is also
evidence of a shift in the type of substance
abused between 1981 and 1990 (table 3). In
198 1, 35 6% of all deaths were due to glue and
other solvent based products, whereas in 1990
glue and solvent deaths accounts for 15 1% of
all deaths. Conversely, there was an increase in
deaths from butane and aerosols during this
period. Table 4 shows the deaths attributed to
specific products in those under 18 from
1981-90. The largest number of deaths
(34.5%/o) were attributed to butane gas ciga-
rette lighter fuels followed by aerosols (26%).
The main volatile constituents of cigarette
lighter fuel are n-butane and isobutane and of
antiperspirants, halon propellants 11 and 12.
There was a highly significant variation is

standardised mortality ratios between different
countries in the UK with a large excess of
deaths in Scotland (table 5). Within England,
there was an excess of deaths in the Northern

Table 2 Deathsfrom VSA from 1981-90 by age
(mid-1985 UKpopulation estimates)

Methods
Since 1981, information on all deaths
associated with VSA were systematically
collected by the Department of Public Health
Sciences at St George's Hospital Medical
School, London. Deaths were ascertained
from three sources: a systematic survey of
coroners (procurators fiscal in Scotland), the
Office of Population Censuses and Surveys
(Crown Office in Scotland), and a press
clippings agency. After the deaths were
ascertained, the inquest proceedings, necropsy
and toxicological findings, and death
certificates were obtained. The methods
used have been described in more detail
elsewhere."1 12 The database now contains
information on 605 deaths from VSA in those
under 18, with the youngest death in a child
aged 9 years.
The data were analysed using the Statistical

Analysis System.'3 Association between
variables were tested for using the x2 test.
Trend analysis was calculated by fitting a
Poisson regression model using Genstat.14
Confidence intervals for standardised
mortality ratios were calculated using the
standard error formula Vij7E (where 0 and E
represent the observed and expected number
of deaths respectively).

Deaths
Age 1981-90

9
10
11
12
13
14
15
16
17

3
2
12
40
108
156
158
125

Mid-1985
population
(millions)

0-6694
0-6954
0-7206
0*7733
0-8224
0-8762
0-8657
0-8968
0 9039

Death rate
(per million)

1-4939
4-3141
2-7755
15-5179
48-6381
123-2595
180-2010
176-1820
138-2896
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90

Trends in deathsfrom VSA in those under 18from
1981-90. Poisson regression model taking account ofyearly
population fluctuations. Total number ofdeaths: 605.

Table 3 Deaths from VSA (number of deaths) in those.
under 18 by substance andyear of death

Substances

Solvents Solvents in
Year Butane Aerosols in glues cleaners Other Total

Results
Data were available on 605 deaths from
1981-90. The modal age for deaths from VSA
was 15 years, with 70% of deaths under 18
occurring in children between the ages of 14
and 16. Table 2 shows the age distribution of
deaths in those under 18. Males accounted for
84% of all deaths with a male:female ratio
of 5:1.

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
Total

12
5
12
23
22
24
23
37
32
43
233

4
8
9
16
17
27
37
19
19

157

Missing data, n=3.

10
11
13
6
13
2-
3
1
0
4
63

5
9
13
15
15
8
6
6
7
15
99

2
2
2
2
4
6
6
5
4
17
50

30
31
48
55
70
57
65
86
62
98
602

v
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Table 4 Deathse
those under 18froi

Product

Butane gas lighter f
Calor gas (propane;
Butane gas cylinder
PR spray
Fire extinguisher
Antiperspirants
Other sprays
Unknown spray car
Evostick
Other glues
Dry cleaning agents
Other cleaning ager
Typewriter correcti
Chloroform
Petrol
Unknown glues
Other products
Total

Missing data, n= 5.

Table 5 Deaths ,
from 1981-90 by,

Regionl
country

Total UK
Scotland
Northern Ireland
England
Wales
North
North West
Yorkshire and
Humberside

East Midlands
West Midlands
East Anglia
South East
South West

attributed to specific volatile substances in families with both natural parents at home,
m 1981-90 31% of deaths occurred in families where the

No of Frequency parents were either separated or divorced, and
deaths (%) 3% of deaths occurred in children and

uel 207 34-5 teenagers who had been adopted or fostered.
7 1-2 There are however no readily available
26 413 comparative data for the general population.
33 5-5 Information about the place of death and the
1858 147 circumstances in which people die may help in

nisters 15 25 determining preventive strategies. Thirty eight
22 3-7 per cent of those under 18 were recorded as

nts 31 02 dying in public places, 17% in hospital (though
ng fluidandthinners 67 11-2 the latter were almost certainly children who

3 0 5 were dead on arrival), and 53% died in the
13 2-2
15 0-8 presence of others.
11 1-8 More deaths than expected were concen-

___600 100 _ trated in the summer months ofJune, July, and

August (30% of deaths) than in the winter
months of December, January, and February

associated with VSA in those under 18 (18% of deaths). The excess of deaths in the
country and English region summer months occurred during the school

holidays period of July and August. Although
No of Confidence more deaths occurred at weekends, the dif-
deaths Expected ASMR* Interval ferences between the days of the week were not
603 603 100 significant. The peak time of deaths was in the
104 57-75 180 145 to 215 late afternoon and evenings after school hours.
23 197 116 69 to 164 Nearly one third of deaths from VSA in

446 497-3 90 81 to 98
30 30-2 99 64 to 135 those under 18 were reported as having
50 32-5 154 Ill to 196 resulted from abuse of volatile substances for
70 68-8 102 78 to 125 the first time. Within this group of first time
50 52-9 94 68 to 121 abusers, 75% of deaths were associated with
37 41 7 89 60 to 117 butane and aerosols.cI 59;67 QnA 1 tn--I I: 1
4

155
29

20-6
177-4
47-1

W

19
87
62

0U) LO II1
0 to 38
74 to 101
39 to 84

Missing data, n= 2.
*ASMR: age standardised mortality ratio based on mid-1985
population estimates.

region, but most standardised mortality ratios
have 95% confidence intervals that embrace
100. The two most rural regions in England,
East Anglia and South West regions, have
standardised mortality ratios significantly
below 100.

Information on the social class of the head of
household was reported in approximately 70/o
of deaths under 16. Using this information,
together with 1981 census data that classifies
the social class of the head of households with
children, it is possible to estimate the mortality
rate of deaths from VSA by social class. Our
results show that in deaths in those under 16,
there was a marked difference in mortality
between social class I and V with nearly four
times as many deaths occurring in social class
V (social class specific mortality rate=1<175
per million) compared with social class I
(social class specific mortality rate=0-35 per
million). The trend across social class I to IV is
less marked. This can be compared with an all
cause mortality ratio difference between social
class V and I of 2-25 in males and 1-96 in
females. 15

Sixty three deaths (1 1-6%) occurred in
children and teenagers who were currently in
care or had been in care. In 1990, the death
rate from VSA for children in care was four
times greater than in the general population.
Altogether 65-9% of deaths occurred in

Discussion
Ascertainment of deaths from VSA using the
methods described depends on suspecting
the possibility of a connection with these
substances, carrying out the necessary toxico-
logical tests, and on recording the connection
with solvent on the death certificates. All these
processes are susceptible to fashion. Press
clippings are dependent on the press being
interested in VSA, and information from
inquest proceedings is dependent on coroners
reporting all cases and carrying out the
necessary toxicological tests. However, the
ascertainment of deaths is not dependent on a
single source and because the same range of
methods have been used over the period
analysed, it is likely that the effects of such
biases on trends are limited. The possibility
still exists that by using the methods of
ascertainment described, not all VSA deaths
will be recorded and this will tend to under-
estimate the problem. There is no reason to
believe, however, that deaths that are not
notified are different from the ones included in
the database.

All the information was derived from
necropsy reports, inquest proceedings, toxi-
cology reports, and death certificates. Certain
information derived from inquest proceedings
is probably accurate - for example information
on parents' occupation and times and place of
death - and contains more information than
can be obtained from death certificates.
Information on issues such as previous history
of use will, however, be dependent on what is
reported to the coroner, usually by parents.
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Many parents are unlikely to admit that
their child was a chronic abuser of volatile
substances. Certain aspects of the data
therefore make it difficult to be certain about
the validity of reported events.

Although the data available provide useful
information about certain aspects of the
epidemiology of VSA, there is very little
information about the number of people who
abuse volatile substances but who do not die.
There is also no information about the case
fatality associated with different products. This
can only be realistically provided from
prospective cohort studies of abusers which
would be difficult in view of the small
number of deaths. Knowledge of risk factors
is therefore limited to information that is
available at death.
Death from VSA is one of the leading causes

of death in those under 18.2 At age 15, 100% of
all deaths and approximately 20% of deaths
from accidents, violence, and poisoning are
due to VSA, making it the leading cause of
death. Therefore, in public health terms,
although the number of deaths from VSA is
small, it is an important and potentially
preventable cause of death in young people
under 18.

Studies of deaths from VSA have reported
that the majority of deaths occur in males."I 12
A large prevalence study showed an almost
equal sex distribution.10 The reasons for the
discrepancies between deaths and prevalence
in males and females are not clear but may be
due to the type of substance that girls abuse
and the fact that girls are more likely to
be occasional users compared with boys.
However, the number of deaths in girls is too
small to allow meaningful results to be
obtained. Nearly 4% of all deaths in girls under
18 are due to VSA.
The reason for the large excess of deaths in

Scotland is not clear nor is the significance of
the north-south gradient. There is evidence
that as many as 20-25% of 13-15 year old
boys in the Scottish city of Glasgow have
engaged in solvent misuse,16 which is much
higher than the figure reported for English
schools. It is possible that procurators fiscal
in Scotland are more aware of the problem
of VSA and that there is a reporting bias, but
the excess of deaths is so large that it is
unlikely to be explained entirely on this
basis.

There is good evidence quoted in reviews17
that link heroin misuse with social deprivation
and unemployment.'8 Studies of variations in
mortality in adults between geographical
regions in the UK'9 and reviews of the topic20
have suggested that a north-south gradient
represents a gradient of adverse social
conditions. The large difference in the social
class specific mortality rate for VSA in those
under 16 between different social classes
suggests that this may be due to deprivation
and unemployment, which is much worse in
the north, and in particular Scotland, than the
rest of the UK. Evidence from northern
England suggests that unemployment in adults
only predicts high levels of drug misuse

when associated with easy local availability.2'
Because unemployment tends to fall dispro-
portionately on the unskilled worker, the
combination of these factors may explain the
high rates of death in social class V and in the
north. As most of the information is related to
adults care should be taken in drawing
conclusions from adult studies and applying
them to children.
The findings that a large percentage of

deaths in those under 18 occur in the presence
of others, in public places, in the late after-
noon, and in the summer months suggests that
VSA is mainly a group activity occurring
during the school holidays and after school
hours, confirming observations from an
anthropological study in north London.22 This
finding has implications for preventative
strategies because it suggests that although
VSA is negatively linked to school activities,
school peer groups may have an influence on
its practice and prevalence. Health education
aimed at schoolchildren and their teachers may
help increase the awareness of the dangers of
VSA and present initiatives may need to be
extended.

Several public health strategies have
attempted to reduce deaths from VSA. These
have included the introduction of legislation,
health education campaigns, and more
recently a £1 -2 million advertising campaign
aimed at parents. Evaluating the effect of these
campaigns is difficult but there is evidence that
the introduction of legislation may have
restricted the availability of glue and solvent
based products but has had no effect on the
availability of products such as butane gas
lighter refills.23

It is probably not feasible to eliminate all
VSA because in many areas it may be part
of the culture of adolescence.22 The
government's 1984 report from the Advisory
Council on the Misuse of Drugs made several
recommendations with respect to misuse of
Ieroin24 that may be relevant in preventing
deaths from VSA. It suggested a combination
of measures to reduce the supply of and
demand for illicit drugs and to discourage the
more hazardous forms of drug use, together
with supportive socioeconomic measures
aimed at reducing the deprivation associated
with high risk of misuse. However, the advisory
council did not specifically address the
problem of solvent abuse and it is important to
recognise the limitations of transferring
strategies developed for the misuse of illicit
drugs to the problem ofVSA. Any preventative
strategy must also include measures to reduce
experimentation and provide help for those
who are dependent, in order to stop or reduce
the harm and risk associated with continued
use.
We thank Professor Ross Anderson for allowing us to gain
access to the register of volatile substance deaths and for advice
in the drafting of the article. The register of volatile substance
abuse deaths receives financial support from the Department of
Health.
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Human herpes virus-6 and febrile convulsions

The role of human herpesvirus type 6 (HHV-6) in paediatric
disease is currently being defined (see Archivist 1992, p 500). It is
known to be the agent of exanthem subitum (roseola infantum) but
the clinical manifestations produced by it are wider than that and
include meningitis (see Archives 1991, pp 1443-4), hepatitis,
lymphadenitis, lymphoproliferative disorder, and haemophago-
cytic syndrome. Now workers in France have looked at children
with febrile convulsions and reported their findings in a letter to the
New EnglandJournal ofMedicine (Michel Segondy and colleagues,
1922; 327: 1099-100). They tested paired sera from 21 children
admitted to hospital with febrile convulsions and found evidence of
recent HHV-6 infection in six (29%). Only one of these had the
clinical features of exanthem subitum. The others mainly had non-
specific upper respiratory tract symptoms.

This is, ofcourse, a small series and children admitted to hospital
may not be entirely representative of the whole population. Many
more data are needed but is a vaccine on the cards? Would such a
vaccine be worthwhile? At first sight the prospect of a vaccine that
might prevent up to one third of febrile convulsions seems quite
attractive but ifHHV-6 were to be eliminated would other causes of
febrile convulsions expand to fill the gap? No doubt we. shall hear
more about this virus
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