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Abstract

Purpose Little is known about the causes of central ner-
vous system tumors in children. An inverse association
between asthma and brain cancer was found in adults, but
there is a dearth of studies in children. The goal of this
study was to evaluate the association between asthma and
brain cancer in children.

Methods Two hundred and seventy-two cases of children
with brain tumor diagnosed between 0 and 14 years of age
in the Province of Québec, Canada, between 1980 and
1999 and 272 incidence density-matched controls were
included in the study. The parents of cases and controls
were interviewed by phone using structured questionnaires.
Besides asthma in children, family history of asthma, the
presence of other atopies, and medication intake were also
investigated. Conditional logistic regression was used to
analyze the data.

Results  Brain tumor risk was decreased in children with
asthma (OR, 0.55; CI 95%, 0.33-0.93), with eczema (OR,
0.52; CI 95%, 0.17-1.57), and with both asthma and
eczema (OR, 0.76; CI 95%, 0.18-3.2). Maternal or sibling
asthma did not modify the effect of asthma on central
nervous system (CNS) tumors, while father’s asthma
seemed to increase the risk, but numbers were small.
Antiasthma medications such as inhaled corticosteroid and
beta agonists seemed to increase the risk of CNS tumors
(OR for steroids, 2.55; CI 95%, 0.79-8.20 and OR for
inhaled beta agonist, 1.62; CI 95%, 0.57—4.63).
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Introduction

Central nervous system (CNS) tumors represent approxi-
mately the 22% of all new cases of cancer among Canadian
children less than 15 years of age. In this age group,
astrocytoma accounts for the 40% of tumors, followed
by primitive neuroectodermal tumors (PNET) (22%), other
gliomas (12%), other specified intracranial neoplasms
(12%), and ependymoma (10%) [1]. Risk factors for CNS
studied in adults may be different in children [2]. Current
thinking suggests that brain tumors develop in children as a
consequence of accumulated genetic alterations that permit
cells to evade normal regulatory mechanisms and destruc-
tion by the immune system. These alterations in the germ
line may be inherited, but neurocarcinogens, agents of a
chemical, biological, or physical nature, that damage DNA
can lead to somatic mutations [2]. The causes of CNS can-
cers are largely unknown, but causes are likely to be both
genetic and environmental. Some rare family genetic dis-
orders (such as Li-Fraumeni syndrome, neurofibromatosis,
Turcot syndrome, tuberous sclerosis, and nevoid basal cell
syndrome), as well as other factors such as white race, age,
male gender and ionizing radiation exposure, have been
associated with CNS tumors in children. Other potential risk
factors have been investigated, but the results are incon-
clusive so far [3]. Among the latter are childhood infections,
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maternal infections during gestation, parental smoking,
maternal dietary intake of N-nitroso compounds (NOC), and
drug consumption during pregnancy [4—10].

The role of allergies and asthma on the risk of devel-
oping brain tumors in adults has been studied for decades,
and the results showing an inverse association between
asthma and brain cancer are consistent, even if the under-
lying mechanism for this finding is still unclear [11-15].
The strongest hypothesis suggested to explain these find-
ings in adults is that the hypersensitive immune system of
people affected by asthma is more capable of responding to
malignant cells. However, the reverse causality hypothesis,
whereby the tumor itself acts as a suppressor of the
immune system, has not been excluded. Indeed, it is still
unclear, whether allergies protect from brain tumors or
whether the immunosuppressive factors secreted by the
brain tumor inhibit allergies and asthma [16]. Another
hypothesis to explain the inverse association, at least in
adults, is, for example, the association of glioma with
immunological defects such as abnormal delayed hyper-
sensitivity responses, low numbers of T cells, impaired
T-cell cytotoxicity, and decreased antibody response [17].

Despite several studies carried out in adults, only one
investigated the association between atopy and brain can-
cer in children. The findings are consistent with those in
adults and show an inverse association between asthma and
SNC tumors [18].

The aim of our study is to study the association between
brain cancer and asthma in children, considering also
parental history of asthma and children’s use of asthma
medication.

Methods
Study design

The study is a matched case—control study. As described
previously [6], primary malignant brain tumor cases diag-
nosed in the Province of Québec, Canada, were recruited
from tertiary care centers designated by governmental
policy to treat childhood cancers. For budgetary reasons,
between 1980 and 1993, a random sample of one-third of
all brain tumor case diagnosed before 10 years of age was
selected from the tertiary centers (n = 130). Between 1995
and 1999, all first primary, malignant brain tumor cases
diagnosed in Quebec before 15 years of age were recruited
to participate (n = 142). In 1994, no cases were selected
due to an interruption of the study. Because brain cancer
treatment is covered under the universal Health Care Plan,
we believe that a very small number of children, if any,
were hospitalized outside the province. The cases were
matched to population-based controls (1:1 ratio) for sex
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and age at diagnosis. Between 1980 and 1993, controls
were chosen from family allowance files. Family Allow-
ance is a monthly allowance paid to families with children
to help cover the costs of child maintenance; it began in
1945 and was Canada’s first universal welfare program.
The term universal is applied to benefits that are awarded
solely on the basis of age, residence, or citizenship, without
reference to the recipient’s income or assets. The file
contains continuously updated information on all children
living legally in Canada. From 1995 to 1999, controls were
chosen from the continuously updated provincial health
insurance agency files where current information on all
families living in Québec is maintained to provide uni-
versal medical care coverage. These sources of data were
the most complete census of children available during the
study period. Ten controls per case were randomly chosen
from the lists according to the expected distribution of
cases. Children who were adopted, who lived in foster
families, whose families spoke neither French nor English,
who were not Canadian residents, or whose parents were
both unavailable for interview were excluded. Response
rates were calculated as the number of subjects who par-
ticipated in the study divided by the total number of eli-
gible subjects, including subjects who were never located
or were lost at the follow-up. The response rates for cases
from 1980 to 1993 and from 1995 to 1999 were 94.0 and
82.7%, respectively. Among controls, response rates were
83.8 and 90.4%, respectively, during these same periods.
Differences in response rates between the study periods are
likely due to slightly different methods in recruiting sub-
jects: in the early study period, cases were recruited by the
research team, while in the latter study period, cases were
first approached by hospital personnel to determine interest
in the study. Furthermore, address information provided for
control subjects and based on the health insurance files was
slightly more accurate than in the family allowance files.
The study was approved by each hospital’s institutional
review board and the provincial agency regulating access
to public databases with nominal information. Soon after
sending a letter introducing the general purpose of the
study, trained interviewers contacted the parents of cases
and controls to schedule an appointment for the interview,
which was administered by telephone using a structured
questionnaire. It included an explicit question on a diag-
nosis of asthma for the index child, the child’s siblings, the
mother answering for the previous and herself, and for her
own family. Although diagnosis “by a physician” was not
specified as such, the question was worded to imply it (e.g.,
“Were you ever diagnosed with asthma?”). Age at diag-
nosis was also asked. Fathers were interviewed separately
with similar questions pertaining to themselves and their
own family. There was an open question in the interviewer-
administered questionnaire related to other conditions such
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as eczema and other atopic conditions. Mothers were also
asked about their smoking history and vitamin supple-
mentation intake before and during pregnancy. The intake
of asthma medication for the index child was studied,
including names of the drugs, periods of administration,
and doses of the treatment. All reported medications named
under immunosuppressive drugs, anti-inflammatory drugs,
and any other drugs were reviewed and regrouped into
asthma medications categories (long-term control includ-
ing inhaled corticosteroids, long-acting beta-2 agonists,
leukotriene modifiers, cromolyn, theophylline; quick relief
medication including short-acting beta-2 agonists, ipratro-
pium, oral or intravenous steroids; and medication for
allergy-induced asthma including antihistamines, decon-
gestants, and immunotherapy injections).

Case definition

Cases were clinically and histologically confirmed using
international Children’s Oncology Group protocols. We
considered as cases the children who had a brain tumor as
defined by ICD-O-2 classification: C71.0-71.9, plus cere-
bral meninges (C70.0), meninges undefined (C 70.9), optic
nerve (C72.3) pituitary gland (75.1), craniopharyngeal duct
(75.2), and pineal gland (75.3). Brain tumors were classi-
fied according to the International Classification of Child-
hood Cancer: ependymoma, astrocytoma primitive
neuroectodermal tumors (PNET), other gliomas, other
specified intracranial tumors, and other unspecified intra-
cranial tumors [19].

Statistical analysis
Conditional logistic regression was used and odds ratios

(OR) with 95% confidence intervals (CI) estimated.
Asthma alone as well as asthma and/or eczema were used

as the exposure variable. The ORs were adjusted for
mother smoking during the last month of pregnancy,
infection of mother during pregnancy, and infection of the
child at birth. Although not all previous studies have shown
these variables to be risk factors for childhood brain can-
cer, some have [4-6, 20], justifying the estimation of
adjusted measures to be compared with crude measures.
Vitamin supplementation during pregnancy was also
adjusted for because of the inverse association found
between vitamin intake, including folic acid, and reduction
in risk of brain cancer in childhood and particularly in
PNET [9, 21, 22].

Potential effect modification of asthma on brain tumor by
parental history of asthma was evaluated. The effect modi-
fication was tested with a chi-squared test and a likelihood
ratio test. Unconditional regression was also used adjusting
for the matching variables when limiting the analysis to
cases and controls taking specific asthma medication and
while stratifying for parental history of asthma. Analyses
were performed with STATA software package (versionl 1,
Stata Corporation, College Station, Texas).

Results

The children’s mean age was 5.92 (SD 3.27) years for
cases and 5.85 (SD 3.23) years for controls. The majority
of brain tumor cases had astrocytoma (44%), followed by
PNET (29%) and ependymoma (10%). The prevalence of
reported asthma among cases was 10.3 and 16.2% among
controls. In the case group, 11% of mothers had a positive
history of asthma, 4.8% of fathers, and 16.2% of siblings;
in the control group, these figures were 8.1, 6.3, and 12.5%,
respectively (Table 1).

The OR for brain tumors was significantly reduced
among subjects with asthma (OR, 0.55; CI 95%,

Table 1 Distribution of brain tumors in children and population characteristics

Tumors in the Children’s Children’s Children’s Mother’s Father’s Siblings’
study n (%) mean age asthma eczema history of history of history of
(SD) n (%) n (%) asthma n (%) asthma n (%) asthma n (%)
Controls - 5.85(3.23) 44 (16.2) 14 (5.1) 22 (8.1) 17 (6.3) 34 (12.5)
All CNS tumors 272 (100) 5.92 (3.27) 28 (10.3) 10 (3.7) 30 (11.0) 13 (4.8) 44 (16.2)
Ependymoma 27 (9.9) 5.85 (3.75) 2(74) 0 (0) 1.(3.7) 3 (1L5) 7(25.9)
Astrocytoma 120 (44.1) 6.19 (3.61) 17 (14.2) 7 (5.8) 16 (13.3) 6 (5.0) 19 (15.8)
PNET 80 (29.4) 5.63 (2.67) 5(6.3) 3(3.8) 7 (8.8) 2(2.5) 13 (16.3)
Other gliomas 15 (5.5) 4.87 (2.08) 1(6.7) 0 (0) 1(6.7) 2(13.3) 1 (6.7)
Other specified 17 (6.3) 6.63 (4.17) 3 (17.6) 0 (0) 3 (17.6) 0 ) 1(5.9)
intracranial
neoplasm
Other unspecified 13 (4.8) 5.52 (2.5) 0 (0) 0 (0) 2 (154) 0 (0) 3(23.1)
intracranial
neoplasm
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Table 2 Association between
asthma in children and SNC
tumors

* Adjusted for: mother smoking

OR CI Adj OR* CI
All CNS tumors 0.59 (0.35-0.99) 0.55 (0.33-0.93)
Ependymoma 0.14 (0.02-1.16) 0.15 (0.18-1.21)
Astrocytoma 0.82 (0.43-1.67) 0.78 (0.37-1.62)
PNET 0.56 (0.19-1.66) 0.48 (0.14-1.63)
Other gliomas 0.50 (0.05-5.51) 0.47 (0.31-7.11)
Other specified 0.67 (0.11-3.99) 0.95 (0.11-8.03)

1 month before or during
pregnancy, infection of mother
during pregnancy, infection of
the child at birth and for vitamin
supplementation during
pregnancy

intracranial
neoplasm
Other unspecified -
intracranial
neoplasm

0.33-0.93). The analysis showed a lower risk for every
subgroup of tumors, but the inverse association seemed
driven by ependymoma tumors (OR 0.15, CI 95%
0.18-1.21) (Table 2).

A strong inverse association with CNS tumors was
found for children with eczema (OR, 0.52; CI 95%,
0.17-1.57) and for children with both asthma and eczema
(OR, 0.76; 95% CI, 0.18-3.2), but for these results, a
chance finding could not be excluded (Table 3).

Maternal and sibling asthma did not modify the effect of
asthma on CNS; risk appeared different among subjects by
paternal history; however, numbers were very small, and
the interaction was not statistically significant (Table 4).

The distribution of medication intake among asthmatic
children is reported in Table 5. Intake of antiasthma
medications such as inhaled corticosteroids and beta ago-
nists was associated with non-statistically significant,
increased ORs for CNS (OR for steroids, 2.55; CI 95%,
0.79-8.20 and OR for inhaled beta agonist, 1.62; CI 95%,
0.57-4.63) (Table 5).

Discussion

In our study, the risk of developing a brain cancer in
children was inversely associated with a diagnosis of
asthma, and the protective association seemed driven
mainly by the ependymoma group despite the small num-
bers in this group of tumors. Adjusting for maternal
smoking during the last month of pregnancy, vitamin
supplementation and prenatal as well as infection of child
at birth seemed to increase the protective role of asthma. In
the subgroup of children with asthma but without eczema,
asthma had a protective role, but the effect of both asthma
and eczema together was not more protective than that for
asthma alone. No evidence of risk modification was
detected for maternal, paternal or sibling’ history of
asthma, but numbers were too small to carry out a robust
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analysis. Finally, taking asthma medications, especially
inhaled corticosteroids, seemed to increase the risk, but the
confidence intervals were large and included the null value.

The role of asthma in developing brain tumor is not
clear yet, but some hypotheses have been suggested,
especially for adults. The strongest one is based on
increased tumor immunosurveillance [24, 25]: The hyper-
sensitive immune system of people affected with asthma
and atopy would eliminate abnormal cells before they
undergo malignant transformation, playing an important
role in tumor prevention. This observation is strengthened
by the presence of higher IgE levels among controls
compared to glioma patients [26] and by the finding that
allergy-associated genetic variants in IL13 and IL4R are
inversely related to glioblastoma [27]. Both the studies of
Wiemels et al. and Schwatzbaum et al. also argue for a
possible reverse causality effect, whereby IgE levels and
allergic reactions reported by patients might be influenced
by factors secreted by subclinical cancer [17]. However,
because an inverse association of asthma/atopy with brain
tumors was also observed in several studies when allergies
developed at an early age, or when they were present many
years before cancer diagnosis [11-13, 28], reverse causa-
tion remains an unlikely explanation [29].

To our knowledge, only one previous epidemiologic
study [18] has examined the risk of developing brain tumors
related to the presence of asthma in children; it reported an
association with atopy. Our results regarding asthma are
consistent with these findings although our results with
eczema cannot eliminate chance as an explanation. A limi-
tation in our study was that the collection of data on eczema
was as a secondary open question (other diseases and con-
ditions) as opposed to the asthma information, which was
explicit. Therefore, there was a relatively small number of
children reporting eczema. Our findings are in keeping also
with the published literature on brain tumors in adults [11—
15, 28], which has repeatedly shown an inverse relation
between asthma and brain cancer.
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Table 4 Association between children’s asthma and SNC tumors stratifying for paternal, maternal, and siblings’ history of asthma

All CNS tumors Controls Adj OR® (CI) All CNS tumors Controls Adj OR? (CI)

Maternal history of asthma Positive Negative

Asthma in children Yes 8 9 0.48 (0.14-1.65) 20 35 0.51 (0.28-0.93)
No 22 13 Ref 222 215 Ref

Paternal history of asthma® Positive Negative

Asthma in children Yes 4 4 3.03 (0.36-25.75) 24 39 0.52 (0.30-0.91)
No 9 13 Ref 233 215 Ref

Siblings’ history of asthma Positive Negative

Asthma in children Yes 8 10 0.50 (0.17-1.52) 20 34 0.52 (0.29-0.96)
No 36 24 Ref 208 204 Ref

* Adjusted for: sex and age at diagnosis of the child, mother smoking 1 month before or during pregnancy, infection of mother during pregnancy,
infection of the child at birth, and vitamin supplementation during pregnancy

° 3 missing data on paternal history of asthma

Table 5 Risk of brain tumor associated with use of antiasthma treatment in children with asthma

All CNS tumors Controls OR (CD) Adj OR? (CI)
n = 28 (%) n =44 (%)
Inhaled corticosteroid
No 17 (60.7) 35 (79.5) Ref Ref
Yes 11 (39.3) 9 (20.5) 2.52 (0.88-7.22) 2.55 (0.79-8.20)
Inhaled /8 agonist
No 16 (57.1) 30 (68.2) Ref Ref
Yes 12 (42.9) 14 (31.8) 1.61 (0.60-4.29) 1.62 (0.57-4.63)

? Adjusted for: sex and age at diagnosis of the child, mother smoking 1 month before or during pregnancy, for infection of mother during
pregnancy, for infection of the child at birth, and for vitamin supplementation during pregnancy

children were reported as taking asthma medication but not
as having asthma could suggest over reporting of medica-
tion use or the use of these medications for other related
diagnoses [40].

The prevalence of asthma in our control population
(16.2%) was slightly higher than that found in 1994 and in
1999 in Canada in a population of children 0-11 years old
(11.1% in 1994; 12.9% in 1999) [32], but lower than the
prevalence reported by Asher et al. [41] in United States
(22.3% in 1992 and 22.9% in 2003). The prevalence of
asthma, in fact, varies with age and calendar period [41],
and the period spanning this study is, in fact, from 1970 to
1999 where fluctuations have been reported in asthma
prevalence in Canada [32, 42]. A second limitation is that
eczema was a secondary item in the questionnaire and was
not investigated in-depth; this could have resulted in some
misclassification.

In conclusion, there were some indications of decreased
risk of childhood brain tumors with asthma exposure. The
role of asthma medication needs to be further investigated
because it could play an important role in the asthma—brain
tumor association in children.
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