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Brain tumours and cigarette smoking: analysis of
the INTERPHONE Canada case–control study
Stephen Vida1,2, Lesley Richardson1, Elisabeth Cardis3, Daniel Krewski4, Mary McBride5, Marie-Elise Parent1,6,
Michal Abrahamowicz1,2, Karen Leffondré1,7 and Jack Siemiatycki1,8*
Abstract

Background: There is conflicting evidence regarding the associations between cigarette smoking and glioma or
meningioma. Our purpose is to provide further evidence on these possible associations.

Methods: We conducted a set of case–control studies in three Canadian cities, Montreal, Ottawa and Vancouver.
The study included 166 subjects with glioma, 93 subjects with meningioma, and 648 population-based controls. A
lifetime history of cigarette smoking was collected and various smoking indices were computed. Multivariable
logistic regression was used to estimate odds ratios (ORs) between smoking and each of the two types of brain
tumours.

Results: Adjusted ORs between smoking and each type of brain tumour were not significantly elevated for all
smokers combined or for smokers with over 15 pack-years ((packs / day) x years) accumulated. We tested for
interactions between smoking and several sociodemographic variables; the interaction between smoking and
education on glioma risk was significant, with smoking showing an elevated OR among subjects with lower
education and an OR below unity among subjects with higher education.

Conclusion: Except for an unexplained and possibly artefactual excess risk in one population subgroup, we found
little or no evidence of an association between smoking and either glioma or meningioma.
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Introduction
The incidence of primary intracranial tumours in Western
Europe, North America, and Australia ranges from 4 to 11
per 100,000 population per year. This is approximately
four times the incidence reported in the lowest risk re-
gions of the world, although some of this variability may
be due to differences in access to diagnostic services [1,2].
In the United States the age-adjusted incidence increased
by about 19% in men and 27% in women between 1973
and 2003 [1].
Glioma and meningioma are the two most common

types of brain tumours, comprising approximately 75%
of all brain tumours [1-3]. Gliomas are more common in
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men; in the US, they are more common among whites
than among blacks and Hispanics [1]. The median age at
diagnosis is 53 years [1]. Due to the relatively young age
at presentation and poor prognosis, gliomas account for
a substantial number of years of life lost. While some
forms of glioma are associated with specific genetic mu-
tations or inherited syndromes [2,3], such as neuro-
fibromatosis type 1 and 2 [2], the only modifiable risk
factor unequivocally associated with glioma is high dose
therapeutic ionizing radiation [2,3]. Meningioma, less
common than glioma, is more common in women than
men and has a later median age at diagnosis of 64 years
[1]. Like glioma, meningioma is associated with ionizing
radiation and with neurofibromatosis type 2 (NF2) [4]. A
history of tuberous sclerosis has also been reported to
increase the risk of brain tumour [1]. For the most part,
the etiology of brain tumours is not understood; in par-
ticular it is not known if exogenous chemicals are cap-
able of causing human brain tumours.
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Cigarette smoking is a major source of multiple systemic-
ally absorbed chemical carcinogens including, among
others, polycyclic aromatic hydrocarbons (PAHs) and N-
nitroso compounds. Among smokers, tobacco smoke is by
far the greatest source of exposure to N-nitroso compounds
[5]. These potent agents are associated with tumours of the
nervous system in animals, whether administered transpla-
centally [6] or intravenously [7,8]. Although nicotine may
increase the permeability of the blood brain barrier [9], it is
unknown if N-nitroso compounds penetrate to human
brain tissue [10].
From a public health perspective, cigarette smoking is

the single most important cause of human cancer. In
high-income countries, tobacco smoking is responsible for
25 – 30% of overall cancer mortality [11]. Smoking is asso-
ciated with elevated rates of cancer of the lung, bladder,
cervix, colon and rectum, oesophagus, kidney, larynx,
mouth and throat, pancreas, stomach, nasal cavity, liver,
ovaries, and with acute myelogenous leukemia [12]. Be-
cause tobacco smoking causes tumours at multiple sites, it
is conceivable that smoking could affect brain tumour risk.
If smoking were shown to be a risk factor, it would consti-
tute an important “proof of principle” that exogenous che-
micals are capable of causing human brain tumours.
Most case–control studies have not shown increased

risk of glioma in relation to tobacco smoking [5,13-20];
others found elevated relative risks that were not statisti-
cally significant or confined to subgroups of the popula-
tion studied [21-24]. Among cohort studies, some found
no association [25-27] and some found significant posi-
tive associations in women but not men [28] and in a
study of women only [29]. A recent meta-analysis on
smoking and glioma found no overall association when
case–control and cohort studies were pooled, although
there was a small but significant increased risk among
cohort studies [30]. For meningioma, some case–control
studies found no evidence of increased risk [16,27,31,32]
and others found an association in one sex but not the
other [17,18,33-35]. Two cohort studies did not find ele-
vated risk [25,27]. A review concluded that the evidence
regarding smoking in relation to glioma and meningi-
oma is largely null, but still inconclusive [1]. A more re-
cent large prospective study found no association
between smoking and carcinomas of the brain [36]. Fi-
nally, a recent comprehensive evaluation of the cancer
risks associated with smoking conducted by the Inter-
national Agency for Research on Cancer did not list the
nervous system as a target organ for tobacco-related
cancer in humans [37].
Because of the rarity of brain tumours and the difficulty

of mounting large studies, it is important to increase the
number of good quality studies in the expectation that
true patterns will emerge from the juxtaposition of a large
number of published results. The present analysis of the
smoking data from a Canadian case–control study of
brain tumours is intended to contribute to the growing
body of scientific evidence on which a more complete
evaluation of the association between smoking and brain
tumour risk can be based.

Methods
Design
The INTERPHONE study is an international consortium
of case–control studies of glioma, meningioma, acoustic
neurinoma and parotid gland tumours, with the primary
purpose of assessing mobile phone use as a possible risk
factor. Its methodology has been described in detail else-
where [38]. Sixteen centres in 13 countries used a com-
mon core protocol. Three Canadian centres participated,
one each in Montreal, Ottawa and Vancouver. The
present report derives from the Canadian component of
the INTERPHONE study.

Subjects
Because of the emphasis on the use of mobile telephones as
a possible risk factor for brain cancer, the study focused on
relatively young people. Eligible cases were males and fe-
males aged 30 to 59 years residing in the study regions and
diagnosed during the study period with a confirmed first
primary glioma or meningioma. Montreal subjects were
also required to be Canadian citizens. Recruitment took
place between 2002 and 2004. All diagnoses were histologi-
cally confirmed or based on unequivocal diagnostic im-
aging. Each centre established procedures for the rapid
ascertainment of cases from their respective study bases.
Close relationships with hospital-based tumour registries,
diagnostic and treatment units and medical records depart-
ments were maintained so that cases were not missed and
necessary authorizations to contact cases were obtained.
Since cases in Vancouver were ascertained via a provincial
cancer registry and cases in Montreal and Ottawa by
reviewing files of all major diagnostic facilities, it is reason-
able to assume that we ascertained upwards of 90% of all
eligible cases of glioma.
Sampling of controls varied among centres. Sources of

controls were: electoral lists in Montreal, random-digit
dialling in Ottawa, and the British Columbia provincial
health insurance agency in Vancouver. In each centre,
controls were selected to approximate the age and sex
distribution of the cases series, in Ottawa and Vancouver
by using individual matching and in Montreal by strati-
fied sampling.
The study was approved by the research ethics boards

of all the centres involved. All cases for whom physician
authorization had been obtained and all controls were
informed about the study and asked to participate. Writ-
ten informed consent was obtained from all participating
subjects.
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Data collection and variable definition
Information on exposure and covariates was gathered by
a trained interviewer using a computerized questionnaire
during interviews, mainly face-to-face, with the study
subject or a proxy. The questionnaire included items on
socio-demographic factors, mobile phone use, cigarette
smoking, occupational exposure to electromagnetic
fields, and medical history, including medical exposure
to ionizing radiation. Demographic data included birth
date, sex, address and highest attained education, coded
in five categories. Using subjects’ addresses and postal
codes, we were able to derive the median household in-
come of the subject’s area of residence, as obtained from
Canadian census data. Smoking data collected included
history of ever regular smoking (defined as daily smok-
ing for six months or more), including age at which
regular smoking started, age at cessation, periods of ab-
stinence, and average amount smoked during each
smoking period. Cases and controls were assigned a ref-
erence date, namely, the date of diagnosis for cases and
the date of interview for controls. Because smoking
habits often change during periods of illness even prior
to diagnosis and because of the long latency between ex-
posure to tobacco smoke and tumour diagnosis, tobacco
consumption within two years of the reference date was
discounted. Questionnaires included items on possible
risk factors for brain tumour such as neurofibromatosis,
tuberosclerosis, and prior therapeutic radiation. Family
history of primary brain tumour in first-degree relatives
was also examined.

Data analysis
Notwithstanding the fact that controls were selected
separately for each type of brain tumour, and that there
were individual matching algorithms in two of the cen-
tres, for the present analysis, each case series was com-
pared with the entire pool of eligible interviewed
controls. This was done for several reasons. First, the
low response rates among controls in particular would
have led to elimination of many subjects and significant
loss of information had we insisted on maintaining the
individual matching when analysing the results. Second
the matching criteria, age and sex, do not provide close
covariate control, like neighbours or friends might.
Third, the main limitation of this study is statistical
power, and the inclusion of the largest possible set of
controls maximizes the power. This strategy led to the
two sets of results (glioma and meningioma) not being
independent of each other because of the common con-
trol series. However, it was felt that the efficiency and
statistical power gain from this double use of the con-
trols was more important than the maintenance of stat-
istical independence between the two sets of results.
Unconditional multivariable logistic regression was used
to examine the relationship between case–control status
and smoking. Three smoking metrics were modelled,
each in a separate model: ever/never regular smoking,
duration of smoking in years (nonsmokers ; 1–20 years;
>20 years) and pack-years of cigarettes smoked (non-
smokers; 1 – 15 pack-years (packs per day x years); >15
pack-years). These cutpoints were selected in order to
give approximately equal sample sizes in each group.
The following covariates were included: age (30–39,
40–49 and 50–59 years), sex, education (lower defined
as completion of high school or less and higher defined
as any post-secondary education), and study region
(Montreal, Ottawa or Vancouver). While we derived the
median census tract income of the neighbourhood of
residence, this variable was not included in the models
because it was highly correlated with education and the
small number of subjects contra-indicated the loss of
additional degrees of freedom. Also, we did not include
variables for cellphone usage because that has not been
recognized as definitely carcinogenic, and to the extent
that there is any evidence of risk, it is only in a small
fraction of users and the corresponding relative risk esti-
mates are very low. In addition to the overall study sam-
ple analyses, we conducted various subgroup analyses by
sex and other characteristics.
Following the observation of some differences in findings

between men and women, we decided to explore possible
effect modification between smoking (ever/never) and each
of the following covariates: sex, age decade as described
above, education level as described above, and study centre.
We examined these interactions using logistic regression
with backward elimination, removing the least statistically
significant interaction in each step. We did not adjust the
alpha level for multiple comparisons.

Results
There were 271 eligible gliomas, 133 eligible meningi-
omas and 1,325 eligible controls. Successful interviews
were obtained for 166 (61.3%) gliomas, 93 (69.9%) men-
ingiomas and 648 (48.9%) controls. Response rates were
rather similar for males and females. Table 1 summarizes
the reasons for non-participation.
Given the somewhat low participation rates, there was

some concern about possible biases due to unrepresen-
tative participants. In order to detect possible self-
selection bias in respondents, we instituted a policy of
asking controls who refused to participate in the lengthy
interview if they would agree to answer a 5-minute
questionnaire that included a question on attained edu-
cation level. Among the 108 nonparticipant controls
who agreed to provide such information, the percentage
who had greater than high school education was 50.9%,
whereas among the 648 participant controls in the main
study, the percentage was 71.3%. To the extent that the



Table 1 Response rates and reasons for non-response among brain cancer cases and controls in Canada

Response Glioma cases Meningioma cases Controls

N % N % N %

Eligible 271 100.0 133 100.0 1325 100.0

Responded 166 61.3 93 69.9 648 48.9

Non-response

Subject refused 20 7.4 17 12.8 428 32.3

Physician refused 19 7.0 10 7.5 - -

Subject deceased or ill, no proxy available 48 17.7 3 2.3 6 0.5

Untraced or other 18 6.6 10 7.5 243 18.3
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nonparticipants who agreed to answer the brief ques-
tionnaire were representative of all nonparticipants, this
indicates that participants in the main study had higher
education than nonparticipants, at least among controls.
As smoking is often inversely related to education level,
this raises the possibility of confounding by educational
attainment and highlights the importance of controlling
for education level in analyses of smoking as a risk fac-
tor. Unfortunately we had no information on smoking
habits of non-participants.
Table 2 presents selected demographic data for participat-

ing cases and controls. As expected, males predominated
among glioma cases and females among meningioma cases.
Cases had slightly lower education level and slightly lower
median census tract income than controls. Glioma cases
tended to be younger than controls and meningioma cases
tended to be older than controls, as expected. While there
were some proxy respondents among cases, there were
hardly any for controls. Proxies were usually the surviving
spouse or offspring. In order to assess whether this may
have biased the findings, we reanalysed the study data, ex-
cluding proxy responses altogether. These results were very
close to the ones in the Tables.
Table 2 Selected socio-demographic characteristics of particip

Characteristic

Region, %

Montreal

Ottawa

Vancouver

Male sex (%)

Age, %

30-39 years

40-49 years

50-59 years

Education > high school, %

Census tract median household income, C$, mean (standard deviation
There were very few subjects with neurofibromatosis,
tuberous sclerosis, history of therapeutic radiation, or
family history of primary brain tumour in first-degree
relatives. These variables were therefore not included in
smoking analyses.
Table 3 presents lifetime smoking patterns among cases

and among controls, by sex. The lifetime prevalence of
smoking and the cumulative pack-years of smoking were
somewhat higher among males than females. Crude differ-
ences in smoking parameters between cases and controls
were rather small; among males the smoking rates were
slightly higher among glioma and meningioma cases than
among controls, whereas smoking rates in females were
slightly lower among glioma cases than among controls.
Smoking was associated with sex, with age and with educa-
tion. For male controls, 64% of subjects in the lower educa-
tion stratum were ever regular smokers and the smokers
had a mean of 28.5 pack-years whereas 53% of subjects in
the higher education stratum were ever regular smokers
and those smokers had a mean of 18.9 pack-years. For fe-
male controls, 56% of subjects in the lower education
stratum were ever regular smokers and the smokers had a
mean of 20.4 pack-years whereas 45% of subjects in the
ating cases and controls

Glioma cases
N = 166

Meningioma cases
N = 93

Controls
N = 648

39.2 50.5 36.0

13.9 16.1 27.3

47.0 33.3 36.7

63.3 28.0 48.9

24.7 9.7 19.0

32.5 32.3 33.2

42.8 58.1 47.8

61.4 54.8 71.3

(sd)) 46,557 (16,287) 44,261 (16,687) 47,302 (17,350)



Table 3 Comparison of smoking exposure measures between cases and controls, stratified by sex

Smoking exposure Glioma cases Meningioma cases Controls

Males N = 105 N = 26 N = 317

Ever regular smokers, % 61.0 65.4 55.8

Current smokers, % 26.7 46.2 24.6

Ex-smokers, % 34.3 19.2 31.2

Smokers only N = 64 N = 17 N = 177

Cig/day, mean (sd) 20.4 (13.8) 20.5 (12.4) 19.7 (12.8)

Duration, mean years (sd) 18.9 (11.1) 21.7 (11.5) 20.6 (11.4)

Pack-years, mean (sd) 21.9 (21.4) 21.9 (17.0) 21.9 (19.8)

Females N = 61 N = 67 N = 331

Ever regular smokers, % 39.3 50.7 48.3

Current smokers, % 19.7 20.9 19.9

Ex-smokers, % 19.7 29.9 28.4

Smokers only N = 24 N = 34 N = 160

Cig/day, mean (sd) 17.2 (10.1) 18.8 (13.2) 15.6 (11.7)

Duration, mean years (sd) 18.9 (10.3) 20.1 (10.8) 18.7 (11.2)

Pack-years, mean (sd) 18.5 (18.3) 20.9 (18.5) 16.2 (16.6)
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higher education stratum were ever regular smokers and
those smokers had a mean of 14.0 pack-years.
Table 4 presents adjusted odds ratios (ORs) and 95%

confidence intervals (CIs) between various smoking
metrics and brain tumours. Because smoking behaviour,
glioma incidence and meningioma incidence differ be-
tween males and females, results are presented for males
and females both separately and together. The overall
OR between ever regular smoking and glioma was 0.96
(95% CI: 0.67 – 1.38) and that between smoking and
meningioma was 1.09 (95% CI: 0.69 – 1.72). ORs were
higher among males than females. Nevertheless, no ORs
differed from unity to a statistically significant degree,
and there were no consistent dose–response relation-
ships with pack-years or smoking duration.
Because the use of proxy response for subjects who

were too ill or deceased could have introduced error or
bias in the data, we carried out analyses analogous to
those in Table 4, but restricted to self-respondents only.
There were no important differences in ORs between
the two sets of results (results not shown).
We next examined second-order models with potential

interaction terms or effect modifiers of the relationship
between ever regular smoking and glioma and meningi-
oma. For glioma, there was no statistically significant
evidence of effect modification by sex, age, or other po-
tential effect modifier, except that among males there
was a significant interaction between ever regular smok-
ing and education level (p = 0.032). Among females, the
interaction was suggestive but did not reach statistical
significance (p = 0.066). These results are shown in
Table 5. The OR between ever regular smoking and
glioma among males and females combined was 1.33
(95% CI: 0.62 – 2.85) in the low education stratum and
0.48 (95% CI: 0.25 – 0.91) in the high education stratum.
The apparent interaction between smoking and educa-
tion level was especially striking among males. In order
to evaluate the possibility that smokers with lower edu-
cation may have been heavier smokers, we added pack
years to the model. It was not statistically significant and
did not meaningfully change the ORs of the ever regular
smoking variable or the ever regular smoking-education
interaction. Finally, while interaction terms for ever
smoking and sex were not statistically significant at the
alpha = 0.05 level, Table 5 shows noteworthy differences
in ever regular smoking OR by sex.
For meningioma, there was no statistically significant

evidence of effect modification of ever regular smoking
by age, sex, education or study centre (results not
shown), and none that resulted in a statistically signifi-
cant elevation in OR for ever smoking.
Discussion
Cigarette smoke, a complex mixture of chemical sub-
stances, is the single most important cause of human
cancer. It has already been shown to induce tumours in
numerous organs and tissues. While the carcinogenicity
of smoking is not in doubt and the recommendation to
reduce or eliminate smoking in society would hardly be
affected by the identification of new tumour sites af-
fected by smoking, the investigation of a possible link
between smoking and brain tumours is important for
our understanding of brain tumour aetiology.



Table 4 Odds ratios between smoking and brain tumour by sex, ever regular smoking, smoking duration and
pack-years

Sex/smoking stratum Glioma Meningioma

Ca/Co OR (95% CI) Ca/Co OR (95% CI)

Males and females combined

Never regular smokers 78/311 1 42/311 1

Ever regular smokers 88/337 0.96 (0.67-1.38) 51/337 1.09 (0.69-1.72)

>0 to <20 years 51/177 1.05 (0.70-15.96) 25/177 1.10 (0.64-1.89)

≥ 20 years 37/160 0.84 (0.53-1.34) 26/160 1.08 (0.62-1.88)

>0 to <15 pack-years 43/173 0.97 (0.63-1.49) 22/173 0.93 (0.53-1.62)

≥15 pack-years 45/164 0.95 (0.61-1.48) 29/164 1.28 (0.75-2.20)

Males only

Never regular smokers 41/140 1 9/140 1

Ever regular smokers 64/177 1.28 (0.82-2.02) 17/177 1.34 (0.57-3.17)

>0 to <20 years 37/88 1.36 (0.80-2.30) 16/89 1.47 (0.56-3.90)

≥ 20 years 27/89 1.02 (0.57-1.82) 18/71 1.21 (0.44-3.36)

>0 to <15 pack-years 30/75 1.32 (0.75-2.30) 17/98 1.00 (0.32-3.11)

≥15 pack-years 34/102 1.10 (0.63-1.89) 17/62 1.61 (0.63-4.13)

Females only

Never regular smokers 37/171 1 33/171 1

Ever regular smokers 24/160 0.73 (0.41-1.28) 34/160 0.98 (0.57-1.68)

>0 to <20 years 14/89 0.78 (0.40-1.53) 9/88 0.99 (0.51-1.92)

≥ 20 years 10/71 0.66 (0.31-1.42) 8/89 0.98 (0.50-1.89)

>0 to <15 pack-years 13/98 0.68 (0.34-1.36) 5/75 0.93 (0.48-1.78)

≥15 pack-years 11/62 0.78 (0.37-1.65) 12/102 1.05 (0.53-2.08)

Three models were estimated: one model with ever regular smoking as a binary variable and one each with three categorical levels of duration and pack-years of
smoking. The reference groups in all comparisons are never regular smokers. Analyses were adjusted for age (decades); sex (in the analysis of males and females
combined); education level (low, high); and region (Montreal, Ottawa, Vancouver). Covariates were removed from the model if they were non-significant and did
not change any of the smoking ORs by more than 10%.
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While it remains uncertain whether carcinogens from
tobacco smoke, such as PAHs and N-nitroso com-
pounds, might reach brain tissue, animal experimenta-
tion suggests that N-nitroso compounds are potent
animal nervous system carcinogens. However, previous
epidemiologic research has not provided a clear indica-
tion of whether smoking can increase the risk of brain
tumours. While most studies have failed to demonstrate
any excess risks [5,13-20,25-27,30-32], some studies have
found excess risks in their entire population or in some
subpopulation [28,29,34,35].
The present study did not demonstrate an overall associ-

ation between ever regular smoking and either glioma or
meningioma, nor was there convincing evidence of an
exposure-response relationship between smoking and ei-
ther of these lesions. The only exception to a consistent
pattern of null results for smoking and brain tumours was
the unexpected finding of a higher OR between ever regular
smoking and glioma among subjects with lower education
compared to that among subjects with higher education.
This resulted in a statistically significant elevation in the
OR for ever regular smokers among males with lower edu-
cation. However, this was accompanied by a statistically sig-
nificant deficit of risk among females with higher
education. In other words, the excess risk due to smoking
among the lower educated was concentrated among males,
while the deficit of risk due to smoking among the higher
educated was concentrated among females. The participa-
tion proportions were lower among controls than among
cases. While low participation proportions do not necessar-
ily imply bias, it is possible that participating controls may
have been unrepresentative of all eligible control subjects,
at least for education level. Our comparison of subjects eli-
gible to be controls found that participants tended to have
higher educational attainment than non-participants. Our
comparison of smoking measures among controls with
lower and higher educational attainment found that those
with lower attainment were more likely to have ever
smoked and the smokers among them smoked more heav-
ily. It is therefore possible that subjects with lower educa-
tion and greater smoking were under-represented in our
control group. We examined the possible effect of smoking



Table 5 Odds ratios between ever versus never regular smoking for glioma by education level

Sex/education stratum Glioma

Ca/Co OR (95% CI)

Males and females combined

Ever regular smoking-education interaction p = 0.010

Ever versus never regular smoking, lower education 64/186 1.33 (0.62-2.85)

Ever versus never regular smoking, higher education 102/462 0.48 (0.25-0.91)

Males only

Ever regular smoking-education interaction p = 0.032

Ever versus never regular smoking, lower education 39/87 2.79 (1.08-7.18)

Ever versus never regular smoking, higher education 66/230 0.85 (0.49-1.48)

Females only

Ever regular smoking-education interaction p = 0.066

Ever versus never regular smoking, lower education 25/99 1.31 (0.53-3.22)

Ever versus never regular smoking, higher education 36/232 0.42 (0.19-0.95)

Models were of ever regular smoking as a binary variable, with the addition of an interaction term of ever regular smoking and education level. The reference
groups in all comparisons are never regular smokers in the appropriate sex and education stratum. Analyses were adjusted for age (decades); sex (in the analysis
of males and females combined); and region (Montreal, Ottawa, Vancouver). Covariates were removed from the model if they were non-significant and did not
change any of the smoking ORs by more than 10%.
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intensity on the risk associated with ever regular smoking
by adding pack years to the ever regular smoking model for
both sexes together and for males and females separately.
In none of these models was pack years statistically signifi-
cant, nor did it meaningfully alter the ORs for ever regular
smoking or for the interaction between ever smoking and
education. Regarding the sex distribution of our samples,
while the proportion of males among controls was lower
than that among glioma cases and higher than that among
meningioma cases, similar interaction effects were seen in
males and females together and separately. Whether the
pattern of interactions we report was due to a real effect
modification of smoking by education and sex or to some
combination of chance and bias is difficult to answer from
our dataset. There are some features that argue against a
causal interpretation, including the following: there was no
prior hypothesis for such interactions; they arose in a mul-
tiple testing set of subgroup analyses; they would imply an
implausible protective effect of smoking in one part of the
population [39]; there was no clear dose–response relation-
ship demonstrated; and low participation rates raise the
possibility of selection biases which might have unusual
subgroup patterns. Before engaging in speculation on pos-
sible biological pathways to explain possible effect modifica-
tions by sex or education, both of which are proxies for
complex sets of environmental, social and biological vari-
ables, it would be useful if other investigators would exam-
ine whether such interactions can be detected in other
datasets.
Our study had several strengths. It was based on well-

substantiated cases from three Canadian regions, a large
population control series, and detailed lifetime smoking
histories obtained via face-to-face interviews by trained
interviewers. It is generally considered that smoking is
reported with reasonable accuracy, and, since smoking is
not generally considered to be a cause of brain tumours,
it is unlikely that cases and controls would have differen-
tially reported their smoking histories. It is unlikely that
the use of proxy respondents for some subjects induced
bias, since parallel analyses restricted to self-report sub-
jects yielded ORs similar to those shown.
The main limitations included the limited numbers of

cases and the relatively low response rates in some sub-
groups. Difficulty in recruitment is becoming a problem
of increasing importance in epidemiologic studies, in-
cluding the INTERPHONE study [38,40,41], and our
participation proportions are consistent with this trend.
Theoretically, depending on the true but unknown
smoking patterns among nonparticipants, it would be
possible that nonrepresentative control series could have
masked a true overall effect or created spurious effects
in some subgroups. Unfortunately, without data on
smoking patterns among nonparticipants, we cannot
infer whether this did or did not bias our estimated ORs.
However, one indirect index of overall representativeness
comes from the comparison of smoking rates in our
control group with published national data on smoking
rates in Canada [42]. The fraction of current smokers re-
ported by our participant control group was 22.2% over-
all, 24.6% among males and 19.9% among females. This
is similar to 2003 national Canadian averages for the
35–64 year age range of 25.2% overall, 27.2% among
males and 23.2% among females [43]. Because of differ-
ent study areas between the national survey and our in-
vestigation, different sampling schemes and different
instruments, we cannot expect identical estimates, but
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the national data do provide a useful benchmark for
judging the representativeness of our participants.
A final caveat pertains to the fact that our study subjects

were 30 to 59 years of age. It is conceivable that there
might be a long latency period for tobacco-induced brain
tumours, and that consequently any risk due to smoking
would only be detectable in older brain tumour cases. Our
data are therefore only informative regarding possible
risks that manifest before the age of 60.
Conclusion
Our study did not demonstrate a significant overall excess
risk of glioma or meningioma with smoking. Given the lim-
ited numbers of cases, however, we cannot affirm with con-
fidence that our results demonstrate an absence of a true
effect. Subgroup analyses indicated excess risks of glioma
due to smoking among males with lower educational at-
tainment, accompanied by a decreased risk due to smoking
among females with high educational attainment. This sta-
tistically significant interaction between ever smoking, sex
and education may merit further exploration.
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