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Tobacco smoking and alcohol consumption as risk
factors for glioma: a case-control study in
Melbourne, Australia
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Abstract
Objective - To investigate possible associa-
tions between tobacco smoking and alco-
hol consumption and the risk of adult
glioma.
Design - This was a population based,
case-control study. Relative risks (RR)
were estimated using logistic regression
analysis.
Setting - Melbourne, Australia.
Participants - These comprised 416 case
subjects (166 women, 250 men), 66% of
those eligible; and 422 control subjects
(170 women, 252 men), 43.5% of those
potentially eligible.
Results - There was no increase in risk of
glioma with having ever smoked tobacco
(RR 1.29, 95% CI 0.95, 1.75) for all
subjects, adjusted for age, a reference
date, and gender. There was a slight
increase in risk for men (RR 1.64, 95% CI
1.1, 2.45), but not for women (RR 0.99,
95% CI 0.62, 1.62). For men, there was no
increase in risk with increasing pack-
years of cigarette smoking, but the risk
was significantly increased in subjects who
had smoked for less than 10 years. There
was no increase in risk associated with
having ever drunk alcohol for all subjects
(RR 0.96, 95% CI 0.67, 1.37), women (RR
0.69, 95% CI 0.4, 1.15) or men (RR 1.40,
95% CI 0.81, 2.43).
Conclusions - This study does not support
an association between either tobacco
smoking or alcohol consumption and
glioma. The pattern of risk associated
with tobacco smoking in men appears
inconsistent with a causal role, and may
be due to chance, response bias, or uncon-
trolled confounding.
(7 Epidemiol Community Health 1996;50:442-446)

Hypotheses that tobacco smoke and alcohol
increase the risk of brain tumours arose
because these agents contain N-nitroso com-
pounds, which induce brain tumours in
animals.' 2 A number of epidemiological stud-
ies have investigated the role of smoking and
alcohol consumption as risk factors for brain
tumours,'- but results have been inconclusive.
Major difficulties in interpreting previous stud-
ies are due to relatively small sample sizes,3 6 7
inclusion of a mix of histological types,8 or the
use of hospital control subjects.3 4 6 The goal of

our study was to investigate the role of tobacco
smoking and alcohol consumption as risk
factors for histologically confirmed glioma in
adults in a large, population based, case-
control study.

Methods
BACKGROUND
The study was conducted within the Mel-
bourne adult brain tumour study, a case-
control study designed initially to investigate
associations between glioma risk and occupa-
tional exposure to chemicals and electromag-
netic fields. Information on exposure to other
possible risk factors for brain tumour was also
collected, using a questionnaire based on an
instrument provided by the surveillance of
environmental aspects related to cancer in
humans (SEARCH) programme of the Inter-
national Agency for Research on Cancer
(IARC). The results of a study of Toxoplasma
gondii antibody, conducted in collaboration
with another Australian group, have been
reported previously.9

CASE AND CONTROL SUBJECT SELECTION
Cases were defined as people with a histologi-
cally confirmed primary glioma (ICD-0 codes
938-946) diagnosed between July 1987 and
December 1991, who were aged 20-70 years at
diagnosis, and lived in Melbourne or four other
population centres. Residents of these areas
account for 85% of the population of the state
of Victoria. Case subjects were identified by
screening the medical records of 14 Melbourne
hospitals, which together provide almost all the
neurosurgical services within Victoria. Com-
pleteness of ascertainment was checked by ref-
erence to the Victorian cancer registry, to
which notification of incident cases of cancer is
required by law. We sought approval on an
individual basis from the attending neurosur-
geon to approach each subject. A letter inviting
the patient to participate in an interview was
then sent. If the patient did not contact the
study office, they were telephoned or a further
letter was sent. If the patient had died a proxy
subject was interviewed. Proxies were chosen
in the following order of priority: spouse (or
partner), children, siblings, and other relatives
or friends.
Over the study period, we identified and

attempted to recruit 627 eligible patients. The
attending neurosurgeons refused permission to
approach 76 patients, we were unable to
contact 67 patients, 15 patients refused to par-
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Table 1 Characteristics of subjects

Cases Controls

Women Men All Women Men All

No 166 250 416 170 252 422
Mean (SD) age* 48.3 (14.7) 49.4 (14.0) 48.9 (14.3) 49.3 (14.6) 50.7 (14.0) 50.2 (14.3)
Education level (%)t

Secondary or less 91 (54.8) 90 (36.0) 181 (43.5) 92 (54.1) 83 (32.9) 175 (41.5)
Technical 34 (20.5) 93 (37.2) 127 (30.5) 32 (18.8) 102 (40.5) 134 (31.8)
University 40 (24.1) 63 (25.2) 103 (24.8) 46 (27.1) 66 (26.2) 112 (26.6)

* At reference date (date of diagnosis for cases and selection for controls); t data missing for 5 cases and 1 control.

ticipate, 49 potential proxy subjects refused
interview, and four patients did not speak Eng-
lish sufficiently well to be interviewed. We con-
ducted 416 case interviews, 234 (56.3%) with
the index subject and 182 (43.7%) with a
proxy. Case participation therefore represented
66% of those eligible and 86% of those
contacted. Of the 416 participating cases, 166
(39.9%) were women and 250 (60.1%) were
men (see table 1).
A random sample of potential control

subjects was selected from the electoral roll,
frequency matched to the expected age and
gender distribution of cases (predicted from
Victorian cancer registry incidence data).
Potential controls were considered ineligible if
they had a previous diagnosis of brain tumour,
stroke, or epilepsy. The latter two exclusions
were made because patients with brain tumour
can initially present with epilepsy or stroke.
Controls were recruited by personal invitation
letter, followed by telephone calls or a second
invitation letter if the subject did not respond.
An index subject was interviewed for each case,
irrespective of whether a proxy or index case
subject was interviewed.
A total of 968 potential control subjects was

selected from the electoral roll. Of these 968,
288 could not be contacted (either because let-
ters were returned to sender or because the
subject did not respond to the letter and a tel-
ephone number could not be found), 14 had
moved interstate or overseas, two were ill, five
had died, seven gave a history of stroke,
epilepsy or brain tumour, and 230 refused
interview. We therefore interviewed 422 con-
trol subjects, representing 43.5% of those
identified as potentially eligible and 64.7% of
eligible subjects who were contacted. Of the
participating controls, 170 (40.3%) were
women and 252 (59.7%) were men.

DATA COLLECTION
Before the interview, subjects were sent a
section of the questionnaire which sought
details of passive smoking exposure, household
pets, intake of a comprehensive list of foods
containing N-nitroso compounds or their pre-
cursors, places of residence, and a lifetime
occupation list. The main questionnaire was
then administered in the subject's home by a
research nurse. Details of educational level,
smoking history, and alcohol consumption
were recorded. Subjects were asked about the
amount, frequency, and duration of smoking
for tobacco products. Similarly, a lifetime alco-
hol drinking history was obtained for beer,
white and red wine, fortified wine (sherry and

port), spirits, and liqueurs. In addition, details
of exposure to a large number of other agents
Which have been suggested as risk factors for
brain tumour were sought.

ANALYSIS
For both smoking and alcohol, the two year
period before diagnosis (for cases) and selec-
tion for the study (for controls) was excluded
when determining exposure status, to allow for
a tumour induction period and to avoid
consideration of exposures related to early dis-
ease. Variables indicating whether the subject
had ever smoked any tobacco product and par-
ticular types of products were calculated. Only
subjects who had smoked at least once a day
for three months or more were regarded as
having ever smoked. The number ofpack-years
of cigarette smoking (one pack-year is equiva-
lent to smoking 20 cigarettes per day for one
year) over the subject's lifetime was calculated
and categorised into three groups based on ter-
tiles of exposure for controls. Variables indicat-
ing the age at which the subject started smok-
ing ( < 20 years or ? 20 years), and the
duration of smoking ( < 10, 10-19, and . 20
years) were also calculated. Exposure to
passive smoking was summarised in terms of
whether or not the subject had lived, as an
adult, with a person who smoked.

Variables were calculated indicating whether
the subject had ever drunk any type of alcohol,
defined as drinking an alcoholic beverage at
least once a month for a year or more, and each
type of alcoholic beverage. The number of
grams of alcohol consumed over the subject's
lifetime was calculated using information on
standard drink sizes and the alcohol content of
different beverages.'0 Average daily alcohol
consumption over the period they reported
drinking was then calculated and classified into
three groups based on tertiles of daily alcohol
consumption for the control group.

Standard techniques for analysis of case-
control studies were used." Logistic regression
analysis was used to control for age, gender,
and the subject's reference date, and to adjust
for any confounding effects. The reference date
was the diagnosis date for cases and the selec-
tion date for controls, classified into eight
categories, each spanning approximately six
months. A variable was considered to be a con-
founder if it altered the risk associated with
tobacco smoking or alcohol consumption by
10% or more. Relative risks were estimated
using the method of maximum likelihood, and
95% confidence intervals (CI) were based on
the standard error of coefficient estimates and
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Table 2 Relative risks for tobacco smokingfor all subjects, women and men

All subjects Women Men

No of exposed No of exposed
cases controls RR* (95% CI) RRt (95% CI) RRt (95% CI)

Smoked any tobacco product$
Never 1.0 1.00 1.00
Ever 242 232 1.29 (0.95,1.75) 0.99 (0.62,1.62) 1.64 (1.10, 2.45)

Pack-years of cigarette smoking§
None 1.0 1.00 1.00
> 0- < 9 76 72 1.19 (0.79,1.80) 0.89 (0.47,1.70) 1.59 (0.91, 2.79)
9- < 24 63 81 1.01 (0.66, 1.54) 0.77 (0.37,1.61) 1.20 (0.71, 2.04)
¢ 24 62 77 1.04 (0.66,1.64) 1.06 (0.66,1.71) 1.23 (0.71, 2.12)

Duration of smoking (y)¶
Never smoked 1.00 1.00 1.00
< 10 54 43 1.37 (0.84, 2.24) 0.75 (0.35, 1.60) 2.49 (1.25, 4.92)
10- < 20 52 59 1.05 (0.66, 1.68) 1.10 (0.45,2.68) 1.12 (0.64,1.97)
¢ 20 117 128 1.25 (0.86, 1.83) 1.17 (0.63,2.19) 1.48 (0.90,2.42)

Age when subject started smoking (y)**
Never smoked 1.00 1.00 1.00
< 20 172 170 1.21 (0.85, 1.64) 1.17 (0.67,2.08) 1.42 (0.93,2.18)
¢ 20 68 62 1.48 (0.80, 1.93) 0.78 (0.40, 1.52) 2.72 (1.48, 5.02)

* Adjusted for age, gender, and reference date; t adjusted for age and reference date; t data missing for 2 cases; § data missing for 35 cases and 1 control; ¶ data
missing for 21 cases and 2 controls; ** data missing for 4 cases.

Table 3 Relative risks for alcohol consumption for all subjects, women and men

All subjects Women Men

No of exposed No of exposed
cases controls RR* (95% CI) RRt (95% CI) RRt (95% CI)

Drank any alcoholic beveragest
Never 1.00 1.00 1.00
Ever 318 325 0.96 (0.67, 1.37) 0.69 (0.42, 1.15) 1.40 (0.81, 2.43)

Average daily alcohol consumption§
None 1.00 1.00 1.00
< 10.7 g/d 99 108 0.79 (0.52, 1.23) 0.55 (0.30, 0.99) 1.30 (0.66, 2.54)
10.7- < 29.7 g/d 88 108 0.79 (0.51, 1.24) 0.67 (0.34, 1.36) 1.00 (0.64,1.89)
> 29.7 g/d 96 106 1.02 (0.64, 1.62) 0.93 (0.38, 2.25) 1.36 (0.73, 2.51)

Ever drank¶
Beer 231 244 0.90 (0.59, 1.38) 0.96 (0.52, 1.79) 0.62 (0.31, 1.23)
Whitewine 153 168 0.80 (0.57,1.12) 0.61 (0.32,1.17) 0.89 (0.60,1.35)
Redwine 117 120 0.99 (0.70,1.40) 0.71 (0.37, 1.37) 1.13 (0.75, 1.71)
Fortified wine 98 111 0.80 (0.56,1.14) 1.13 (0.59,2.17) 0.68 (0.44,1.06)
Spirits 138 131 1.19 (0.85, 1.68) 0.94 (0.51, 1.75) 1.35 (0.89, 2.03)

* Adjusted for age, gender, and reference date; t adjusted for age and reference date; t data missing for 1 case; § data missing for 36 cases and 3 controls; ¶ risks are
relative to subjects who reported drinking alcoholic beverages other than the one indicated.

the normal approximation. Significance tests,
at the 5% level, were performed by referring
the likelihood ratio statistic to the X' distribu-
tion. Where tests for trend were appropriate,
the Cochran-Armitage test was used. Most
analyses were repeated separately for women
and men, controlling for age and reference
date. In some instances, analyses were repeated
including only index subject interviews (ie
excluding proxies). SAS software was used for
all computations.'2

Results
The risk of glioma, adjusted for age, gender,
and reference date, for subjects who had ever

smoked a tobacco product relative to those
who had never smoked tobacco, was 1.29
(table 2) and the risk for subjects who had ever

drunk alcohol, relative to those who had never

drunk alcohol, was 0.96 (table 3). Adjustment
for education level (table 1) did not substan-
tially alter either risk and it was therefore not
regarded as a confounder. The relative risk for
ever smoking tobacco, adjusted for ever drink-
ing alcohol was 1.31 (95% CI 0.96, 1.79), and
the relative risk for ever drinking alcohol,
adjusted for ever smoking tobacco, was 0.89
(95% CI 0.61, 1.29). As there was little
evidence that alcohol confounded any risk
associated with smoking, or vice versa, subse-

quent analyses focused on smoking and
alcohol separately.

SMOKING
As table 2 suggests, the slight elevated risk
associated with ever smoking was not statisti-
cally significant for all subjects combined, but
was marginally statistically significant for men
(p < 0.05). For women, the relative risk for
smoking was close to one. A previously
reported association4 between smoking non-
filter cigarettes and risk of brain tumour was
not confirmed in our analysis. The risk for sub-
jects who had ever smoked non-filter cigarettes
relative to those who had smoked tobacco
products other than non-filter cigarettes was
1.05 (95% CI 0.67, 1.61).
The results of analyses investigating the

effects of pack-years of cigarette smoking,
duration of smoking and age when the subject
started smoking are presented in table 2. For
men, there was no evidence of a trend in risk of
glioma with increasing pack-years of cigarette
smoking. The highest relative risk (1.59) was
for the lowest category of pack-years of
exposure. There was a statistically significant
difference (p < 0.025) in risk with duration
of smoking, with men who had smoked for
fewer than 10 years having the highest risk.
Smoking duration and age at the start of smok-
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ing are highly correlated, and, as would be
expected given the results for duration of
smoking, there was a significant difference in
risk with age at the start of smoking (p =
0.005). Men who started smoking later (after
age 20 years) had the highest risk: 2.72 relative
to men who never smoked. There was no
statistically significant modification according
to age at the reference date (classified as < 40
years, 40-59 years, > 60 years) of the effects
of duration of smoking or age when the subject
started smoking. Similar, but weaker, patterns
for the three indicators of smoking exposure
considered were seen for all subjects. For
women, relative risks were all close to one
(table 2).
Our finding of a higher risk of glioma for

men who had started smoking at an older age,
and hence had smoked for shorter periods than
men of the same age, is difficult to reconcile
with a role for tobacco smoking in the aetiology
of glioma. Examination of the regression
model diagnostics did not suggest that this
result was due to an outlying value. We
therefore investigated the possibility that the
lag period of two years was too short, and that
the increased risk associated with more recent
commencement of smoking reflected a change
in habits as the brain tumour developed,
perhaps to alleviate headaches. The analysis
was repeated excluding exposure in the 10
years before diagnosis (for cases) or selection
(for controls). Similar results were obtained,
with a risk of 2.48 (95% CI 1.35, 4.57; 44
cases and 27 controls) for men who started
smoking at age 20 years or later, and a risk of
1.83 (95% CI 0.90, 3.72; 26 cases and 18
controls) for men who had smoked for less
than 10 years (both relative to non-smokers).

Results were also similar when data from
interviews with 182 proxies for case subjects
were excluded. The relative risks associated
with having ever smoked were increased
slightly to 1.51 (95% CI 1.05, 2.17) for all
subjects, 1.23 (95% CI 0.68, 2.20) for
women, and 1.73 (95% CI 1.07, 2.78) for
men. The patterns described above for the
other measures of smoking exposure were also
found for non-proxy interviews.

PASSIVE SMOKING
The effect of passive smoking was investigated
in two ways. First, in line with the
recommendation of Wells,'3 the risk associated
with smoking was recalculated relative to the
non-smokers (96 cases and 109 controls) who
had not been exposed to ambient tobacco
smoke at home. There was little change in risks
for having ever smoked using this reference
group: relative risks were 1.32 (95% CI 0.92,
1.89) for all subjects, 0.89 (95% CI 0.48,
1.61) for women, and 1.78 (95% CI 1.11,
2.84) for men. Second, the effect of passive
smoking was investigated in the 172 cases and
190 controls who had never smoked them-
selves. The risk of glioma for those who had
lived with a smoker (76 cases and 81 controls)
relative to those who had not was 0.97 (95%
CI 0.61, 1.53).

ALCOHOL
As mentioned above, there was no evidence of
an association between ever drinking alcohol
and glioma for all subjects. The relative risk
associated with having ever drunk alcohol was
decreased for women and increased for men,
but neither differed significantly from one
(table 3). There was no statistically significant
difference in risk for different levels of alcohol
consumption. Furthermore, none of the rela-
tive risks for drinking particular types of
alcohol differed significantly from one, al-
though for both women and men there was a
non-significant decrease in risk associated with
drinking white wine (table 3).

Results were similar when proxy interviews
were excluded. The relative risks associated
with having ever drunk alcohol were 0.91 (95%
CI 0.59, 1.39) for all subjects, 0.72 (95% CI
0.39, 1.32) for women and 1.13 (95% CI 0.42,
3.04) for men.

Discussion
Nine previous case-control studies have inves-
tigated tobacco smoking as a risk factor for
glioma. An exploratory study by Burch et al,4
using hospital control subjects, reported a rela-
tive risk of 1.44 (95% CI 0.94, 2.21) for hav-
ing ever smoked non-filter cigarettes, and a sig-
nificant trend in risk with increased use of this
product. Eight other studies found no associ-
ation between tobacco use and brain
tumours.3 5-8 14-16 All of these studies had short-
comings. The maximum number of cases stud-
ied was only 215,4 and three studies included
fewer than 100 cases of glioma.'6 7 In one
study, results were reported for glioma and
meningioma combined,8 although the aetiol-
ogy of these two tumours is likely to differ.
Hospital controls were used in three stud-
ies,3 46 and people with other cancers in one
study.'5 Information on smoking history was
obtained from medical records in one study,7
and cancer registry data in another."

In our analysis, we found an increase, of
marginal statistical significance, in the risk of
glioma for men who had smoked tobacco.
However, the pattern of risk associated with
duration of smoking appears inconsistent with
a causal role. Despite the limitations of
previous studies, and our own, the results taken
together do not support the hypothesis that
tobacco smoking is a risk factor for glioma.
Our finding of an increased risk of glioma for

men who had smoked tobacco, particularly
those who had smoked for short periods of
time, could be due to chance, response bias, or
uncontrolled confounding. The possibility of
response bias cannot be excluded, particularly
in view of the suboptimal participation rates,
especially for control subjects. However, the
participation rate in our study for control sub-
jects who could be contacted was comparable
with response rates for the two previous studies
which were population based.8 16 Another
potential source of response bias was use of
proxy respondents for patients who had died,
but index subjects for all controls.'7 However,
our conclusions were unaltered when analyses
were restricted to index subjects, suggesting
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that any bias introduced by this aspect of study
design was minimal for these exposures.
Control of confounding was difficult because
of the lack of proven risk factors for glioma,
and confounding due to occupational or other
exposures may explain the observed associ-
ation with tobacco smoking in men.
Our investigation of the role of passive

smoking was motivated by Hirayama's cohort
study of 91 540 non-smoking Japanese
women, which found an increased brain
tumour mortality rate for women with hus-
bands who were smokers.'8 The analysis was
based on only 34 cases. An association between
passive smoking and glioma risk, in the
absence of an association for active smoking,
would be surprising, and we did not find such
an association. However, Ryan et al did report
an increased risk of meningioma for passive
smoking, but no association for active smok-
ing.5
We found no evidence of an association

between having ever drunk alcohol and glioma,
but did find a decrease in risk, which was not
statistically significant, for both women and
men who reported drinking white wine. Six of
the nine case-control studies mentioned above
also investigated the role of alcohol as a risk
factor for brain tumour. Four studies3 6 7 16
found no association, the study by Burch et al
found an increased risk for drinkers of wine,
and Ryan et ar' found a decreased risk of
glioma (and meningioma) for drinkers of
white wine. Therefore, the results of previous
studies and our own do not support the
hypothesis that drinking alcohol increases the
risk of glioma. The reduction in risk associated
with white wine reported by Ryan et al,5 and
seen to some extent in our data, may warrant
further investigation, but we are unaware of a
possible mechanism for a protective effect of
drinking white wine.

In summary, our study does not support
associations between tobacco smoking or alco-
hol consumption and the risk of glioma. When
our results and those of previous studies are
considered together it seems unlikely that
either smoking or alcohol are risk factors for
glioma.
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