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Exposure to pesticides and the risk of childhood brain tumors
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Abstract

Purpose Previous research has suggested positive associ-
ations between parental or childhood exposure to pesticides
and risk of childhood brain tumors (CBT). This Australian
case—control study of CBT investigated whether exposures
to pesticides before pregnancy, during pregnancy and during
childhood, were associated with an increased risk.
Methods Cases were recruited from 10 pediatric oncol-
ogy centers, and controls by random-digit dialing, fre-
quency matched on age, sex, and State of residence.
Exposure data were collected by written questionnaires and
telephone interviews. Data were analyzed by unconditional
logistic regression.

Results The odds ratios (ORs) for professional pest con-
trol treatments in the home in the year before the index
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pregnancy, during the pregnancy, and after the child’s birth
were 1.54 (95 % confidence interval (CI): 1.07, 2.22), 1.52
(95 % CIL: 0.99, 2.34) and 1.04 (95 % CI: 0.75, 1.43),
respectively. ORs for treatments exclusively before preg-
nancy and during pregnancy were 1.90 (95 % CI: 1.08,
3.36) and 1.02 (95 % CI: 0.35, 3.00), respectively. The OR
for the father being home during the treatment was 1.79
(95 % CI: 0.85, 3.80). The OR for paternal occupational
exposure in the year before the child’s conception was 1.36
(95 % CI: 0.66, 2.80). ORs for prenatal home pesticide
exposure were elevated for low- and high-grade gliomas;
effect estimates for other CBT subtypes varied and lacked
precision.

Conclusions These results suggest that preconception
pesticide exposure, and possibly exposure during preg-
nancy, is associated with an increased CBT risk. It may be
advisable for both parents to avoid pesticide exposure
during this time.
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Introduction

Childhood brain tumors (CBT) are the second most com-
mon type of childhood cancer after acute leukemia and are
often associated with poor survival and a high rate of post-
treatment morbidity. The two established causes of CBT
are genetic syndromes and ionizing radiation, which
together account for less than 5 % of cases [1]. The early
onset of most cases of CBT indicates that some predis-
posing or initiating events may occur before conception,
during fetal life or in infancy.

There is growing evidence that insecticide exposure may
be involved in the etiology of cancer. Some insecticides
such as bifenthrin, fipronil, permethrin, and tetramethrin
are rated by the US Environmental Protection Agency as
possible or likely human carcinogens [2]. In Australia,
these chemicals are common active constituents of termite
barrier treatments or household surface insecticides [3].
Exposure of parents before or during pregnancy may have
harmful effects on the germ cell or developing fetus,
leading to DNA damage that may predispose to cancer
development. Residues of some insecticides have been
identified in umbilical cord blood, neonatal hair, and
meconium after exposure during pregnancy [4, 5]. After
birth, children may be more susceptible to the harmful
effects of pesticides than adults, as they have more actively
dividing cells. Moreover, they may be more exposed
because of increased contact with the ground and mouthing
behavior during toddler years [6, 7].

Most previous studies have reported positive associa-
tions between maternal prenatal exposure to pesticides and
risk of CBT [8—12]. Paternal exposure to various pesticides
before and during the index pregnancy has also been
associated with an increased risk [13—15]. None of these
studies were able to separate parental exposure in the
preconception period from that in the gestational period. A
review of epidemiological studies published up to 2007
[16] concluded that prenatal parental exposure to pesticides
in and around the home was associated with CBT risk. The
evidence for an increased risk of CBT after childhood
pesticide exposure has been less consistent, with some
studies finding no association [10, 17], one finding a
positive association [18], and one finding a positive asso-
ciation but no evidence of a dose-response relationship
[19].

The Australian Study of Childhood Brain Tumors (Aus-
CBT) was a nationwide case—control study designed to
investigate environmental and genetic risk factors for CBT.
The aim of the current analysis was to examine whether
exposure to pesticides before or during pregnancy, or
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during the child’s life, was associated with an increased
risk of CBT. For home exposure, professional pest control
treatments were chosen as the exposure of interest as they
are more likely to be accurately recalled by parents and are
likely to be more highly concentrated, and therefore lead to
higher exposure, than those for self-application. We also
examined whether parental occupational exposure to pes-
ticides before pregnancy was associated with childhood
CBT, and whether the specific timing, frequency, location,
or type of pesticide exposure influenced any associations of
home pesticide exposure with CBT.

Methods

The design of Aus-CBT has been described in detail
elsewhere [20]. Briefly, incident cases of CBT diagnosed
between 2005 and 2010 were identified through all 10
pediatric oncology centers in Australia. Controls were
recruited by national random-digit dialing (RDD) during
the same years and frequency matched to cases by age, sex,
and State of residence in a ratio of approximately 3:1.

Cases and controls were only eligible for inclusion if
they resided in Australia and had a biological parent
available who could complete questionnaires in English.
Between 2005 and 2010, we were notified of 794 CBT
cases; 64 were ineligible (36 with no English-speaking
parent, 23 non-residents, five with no biological parent
available). Of the 730 eligible cases, 568 (77.8 %) were
invited to participate by a physician, with 162 eligible case
families being deemed by the physician to be unsuitable to
invite on medical or psychosocial grounds. Parents of 374
cases consented (65.8 % of invited, 51.2 % of eligible).
Controls matched to CBT cases diagnosed in 2005 and
2006 were originally recruited as controls for our national
case—control study of childhood acute lymphoblastic leu-
kemia (Aus-ALL; 2003-2007), which used identical RDD
recruitment methods [21, 22]. Controls matched to CBT
cases diagnosed in 2007-2010 were recruited prospec-
tively. In total, 3,624 families eligible to be controls were
identified, of whom 2,255 (62.2 %) agreed to participate.
We recruited 1,467 of these children to the study according
to age and sex frequency-matching requirements. Both
studies were approved by the Human Research Ethics
Committees at all participating hospitals.

Data collection and exposure metrics

Parents were mailed questionnaires that included questions
about a range of potentially carcinogenic exposures. For
domestic pesticide exposure, the mother’s questionnaire
asked if any professional pest control treatments had been
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carried out in the house or garden and, if so, whether they
had occurred in the year before, during, or after the preg-
nancy with the index child. After these questionnaires were
returned, the mother was asked to complete a computer-
assisted telephone interview (CATI) which sought details
of pest control exposures, including the frequency, type of
pest being targeted, location around or within the home,
whether the parents (or the child if after the birth) were at
home during the treatment, whether the bedrooms were
treated, and, if so, whether the parents (or the child if after
the birth) slept in the bedroom within 3 days of the treat-
ment. If a treatment occurred during the index pregnancy,
the mother was asked which trimester. If the father lived at
a different address from the mother in the year before
pregnancy, he was asked about professional pest control
treatments in his home.

For occupational exposure, mothers and fathers pro-
vided information about all jobs held for more than
6 months from the age of 15 to the year after the child’s
birth in the mailed questionnaires. For each job, subjects
were asked the year started and finished, job title,
employer, main tasks, and hours worked per week. For jobs
(or main tasks) involving potential exposure to agents of
interest (e.g., exterminator, farmer), sets of additional
detailed questions about tasks undertaken were selected.
These job-specific modules were subsequently asked in
computer-assisted telephone interviews. Parental occupa-
tional exposure to pesticides (yes/no) was then assessed
based on exposure rules created a priori that required active
handling of pesticides. Subjects were classified as being
exposed to pesticides in a certain occupation if they indi-
cated they had mixed or applied any type of pesticide or
applied wood preservatives. Each parent answered ques-
tions about his or her occupational history only (i.e., no
proxy report).

In addition to self-reported measures of socioeconomic
status (parental education and household income), each
participant’s address was linked to an Australian Bureau of
Statistics Census Collection District (CD). CDs were
assigned a score for the area-based Index of Relative
Socio-Economic Disadvantage (IRSD) [23].

Statistical analysis

Separate analyses were conducted for domestic exposure
for each period of possible exposure: the year before
pregnancy, during pregnancy, and after the child was born.
Exposure was censored at the child’s age at diagnosis (in
years and months) for cases and the child’s age at ques-
tionnaire return for controls; because controls were fre-
quency matched, it was not possible to use the date of
diagnosis for a specific corresponding case. For domestic
exposure, the types of pests treated were grouped into three

categories: termites, general insects and spiders, and
rodents or birds. Subgroup analyses of the potential effects
of treatment of bedrooms, whether the bedroom was slept
in, and of exposure in each period exclusively were
undertaken. Occupational exposure to pesticides was
examined for use any time before the child’s birth and in
the year before conception.

Odds ratios and 95 percent confidence intervals (95 %
CIs) were estimated using unconditional logistic regression
in PASW Statistics 18 (IBM SPSS software Inc., New
York). All models were adjusted for study matching vari-
ables—child’s sex, age of diagnosis/recruitment, and State
of residence, and variables meeting the empirical definition
of confounding, that is, associated with both case/control
status and with pesticide use among control subjects in any
time period (assessed by visual comparison of distributions
and erring on the side of inclusion). For household pesti-
cide treatments, confounding variables were maternal age
group, birth year, child’s ethnicity, and parental education,
and maternal pre-pregnancy folic acid supplement use; for
paternal occupational exposures, they were paternal age,
birth year, child’s ethnicity, parental education, and both
maternal and paternal occupational exposure to diesel
exhaust.

Results

Basic information on professional pest control was avail-
able for 303 (81 %) case families and 941 (64 %) control
families. Detailed information on professional pest control
from the CATI was available for 288 (77 %) case families
and 917 (63 %) control families. Information about occu-
pational exposure to pesticides was available for 247
(66 %) case fathers and 302 (81 %) case mothers, 799
(54 %) control fathers and 941(64 %) control mothers.

Demographic and other characteristics of cases and
controls who provided data are shown in Table 1. Most
distributions were similar, but controls were slightly more
likely than cases to be female, have a mother aged over
35 years and have European ethnicity. A higher proportion
of controls than cases were recruited in 2005-2006, as
controls from our national leukemia study were frequency
matched to CBT cases diagnosed in those years. Cases and
controls lived in areas with higher average IRSD scores
than the Australian population as a whole. The mean IRSD
scores were 1,025.3 for case CDs, 1,030.5 for control CDs,
and 1,006.0 for all Australian CDs (data not shown in
tables).

The ORs for professional pest control treatments before
pregnancy, during pregnancy, and after the child’s birth
were 1.54 (95 % CI 1.07, 2.22), 1.52 (95 % CI: 0.99, 2.34),
and 1.04 (95 % CI: 0.75, 1.43), respectively (Table 2). The
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Table 1 Demographics and birth characteristics of cases and controls in the Australian study of childhood brain tumors

Category Case (n) Case (%) Control (n) Control (%)
Total in Aus-CBT with any data returned 335 1,363
Returned general exposure questionnaire 303 941
Provided additional detail in telephone interview (CATI) 288 917
Child gender
Female 122 40.3 445 47.3
Male 181 59.7 496 52.7
Child age at diagnosis or recruitment group
0-1 30 9.9 110 11.7
2-4 85 28.1 303 322
5-9 90 29.7 293 31.1
10-14 98 323 235 25.0
Child state residence
New South Wales/Australian Capital Territory 102 33.7 283 30.1
Victoria/Tasmania 85 28.1 251 26.7
South Australia/Northern Territory 19 6.3 77 8.2
Western Australia 42 13.9 112 11.9
Queensland 55 18.2 218 232
Birth year
1990-1998 85 28.1 223 23.7
1998-2003 125 41.3 469 49.8
2004-2010 93 30.6 249 26.5
Year of diagnosis/recruitment
2005-2006 108 35.6 415 44.1
2007-2008 99 32.7 268 28.5
2009-2010 96 31.7 258 27.4
Maternal age group
<25 45 14.9 87 9.2
25-34 187 61.9 593 63.0
35+ 70 232 261 27.7
Paternal age group
<25 15 5.6 26 33
25-34 152 56.9 434 54.6
35+ 100 37.5 335 42.1
Best parental education
Did not complete secondary school 43 14.2 91 9.7
Completed secondary school and/or trade qualification 99 32.7 301 32.0
University/college 161 53.1 549 58.3
Household income (AUD p/a)
Up to $40,000 50 16.6 127 13.5
$40,001-$70,000 78 259 262 28.0
$70,001-$100,000 80 26.6 249 26.6
$100,000+ 93 30.9 299 319
Child’s ethnicity
European 185 61.1 679 72.2
At least 50 % European 74 244 170 18.1
At least 50 % non-European and not known if 50 % European 12 4.0 30 32
Indeterminate 32 10.6 62 6.6
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Table 1 continued

Category Case (n) Case (%) Control (n) Control (%)
Multiple birth

No 293 96.7 906 96.3

Yes 10 33 35 3.7
Birth defect

No 289 95.4 903 96.0

Yes 14 4.6 38 4.0

Table 2 Professional pest control treatments in the home or garden and risk of childhood brain tumors

Time period

In the year before pregnancy

During pregnancy After the child’s birth*

n Case/cont OR® 95 % CI  n Case/cont OR® 95 % CI  n Case/cont OR® 95 % CI
No pest control treatment® 170/548 1.0  Referent  170/548 1.0 Referent  170/548 1.0 Referent
Any pest control treatment 72/187 1.54 1.07,2.22 46/116 1.52 0.99, 2.34 93/303 1.04 0.75, 1.43
Any pest control in this period only 23/46 1.90 1.08, 3.36 5/18 1.02  0.35,3.00 44/165 0.84 0.56, 1.26
Type of pest treated
Any termite treatment® 17/31 2.17 1.12,4.19 4/18 1.06 0.33, 341 22/78 1.00 0.59, 1.72
Any general treatment for spiders/insectsd 55/156 1.32 0.89,1.97 31/86 1.50 0.90, 2.48 80/260 1.03 0.73, 1.43
Mother home during treatment 23/81 1.13 0.66, 1.96 19/49 1.53 0.83, 2.82
Father home during treatment 12/29 1.79 0.85, 3.80
Child home during treatment 38/91 1.63 1.02, 2.60
Location of treatment
Bedroom treated® 45/120 1.56 1.01,2.43 31/83 1.53 0.92,2.53 54/185 0.97 0.65, 1.44
Mother slept in bedroom" 23/88 1.19 0.69, 2.06 30/76 1.60 0.96, 2.69
Father slept in bedroom’ 22/87 1.16 0.66, 2.03
Child slept in bedroom’ 45/169 0.88 0.57, 1.34

? These data are for children who are known to have been exposed within the censoring date. This analysis excludes children for whom

information about the age of exposure was not available

" Model adjusted for matching variables (child’s age, sex, State of residence), year of birth group, maternal age group, child’s ethnicity, parental

education, maternal pre-pregnancy folic acid supplement use

¢ Reference level for all analyses is no pest control treatments from the year before the pregnancy to the censoring date

4 Termites and general insects/spiders mutually adjusted for each other

¢ Parent’s bedroom before and during pregnancy, child’s bedroom after birth

T Slept in bedroom within 3 days of the treatment

ORs for treatments done in the first, second, and third tri-
mesters of pregnancy were 0.76 (95 % CI: 0.27, 2.15), 1.30
(95 % CI: 0.68, 2.50), and 2.13 (95 % CI: 0.99, 4.60),
respectively (not shown in table). The ORs for professional
pest control treatments before pregnancy only, during
pregnancy only, and during childhood only were 1.90
(95 % CI: 1.08, 3.36), 1.02 (95 % CI: 0.35, 3.00), and 0.84
(95 % CI: 0.56, 1.26), respectively (Table 2).

Since most parents only reported one treatment for pre-
pregnancy and pregnancy exposures, it was not possible to
examine dose-response associations in these periods or to

compare timing of exposure during pregnancy within
individuals. For exposures after the child’s birth, there was
no increase in risk with two or more treatments or evidence
of dose-response (data not shown).

For all time periods, the ORs for treatments done inside
and outside the house were similar to each other (data not
shown); although most parents (~70 %) who reported a
treatment reported it being applied both inside and outside
the house. Analysis by pest type revealed a higher OR for
termites than for spiders and insects in the pre-pregnancy
period (Table 2). The OR for termite treatment during

@ Springer



Cancer Causes Control

Table 3 Professional pest control treatments and risk of childhood brain tumors by tumor type

Year before pregnancy During pregnancy After birth

n Case/control ~ OR* 95 % CI n Case/control ~ OR* 95 % CI n Case/control ~ OR* 95 % CI
Low-grade gliomas
No pest control 80/548 1.00 Referent 80/548 1.00 Referent 80/548 1.00 Referent
Any pest control ~ 33/187 1.58 097,257  22/116 1.54  0.87,2.71 44/303 099  0.64, 1.53
High-grade gliomas
No pest control 15/548 1.00  Referent 15/548 1.00  Referent 15/548 1.00  Referent
Any pest control  7/187 299 099,9.02 6/116 4.58 1.39, 15.14  7/303 1.25 045,343
Embryonal tumors®
No pest control 40/548 1.00  Referent 40/548 1.00  Referent 40/548 1.00  Referent
Any pest control 18/187 1.13  0.58,2.20 14/116 1.58  0.76, 3.27 28/303 1.17  0.66, 2.05
Germ cell tumors
No pest control 13/548 1.00 Referent 13/548 1.00 Referent 13/548 1.00 Referent
Any pest control ~ 4/187 0.91 0.22,3.67 0/116 - - 3/303 0.31  0.07, 1.39
Ependymomas
No pest control 11/548 1.00  Referent 11/548 1.00  Referent 11/548 1.00  Referent
Any pest control ~ 6/187 234 074,742  3/116 1.90 045,797 6/303 132 0.44,3.99

% Adjusted for matching variables, birth year, maternal age, ethnicity, parental education, maternal pre-pregnancy folate supplementation

° Includes medulloblastomas, primitive neuroectodermal tumors (including pineal), atypical teratoid rhabdoid tumors

pregnancy was close to the null, although there were very
few such treatments. The ORs for both termite and general
insect/spider treatments during childhood were close to the
null. There were insufficient exposures to rodent/bird
treatments to allow analysis in any period.

The OR for the father being at home during professional
pest treatment in the year before pregnancy was 1.79 (95 %
CI 0.85, 3.80) (Table 2). The ORs for the mother being at
home were 1.13 (95 % CI 0.66, 1.96) for the pre-pregnancy
period and 1.53 (95 % CI 0.83, 2.82) for during pregnancy.
The OR for the mother being at home during pest treatment
in either of these periods was 1.23 (95 % CI: 0.75, 2.01)
(not shown in table). The OR for the child being at home
during the treatment was 1.63 (95 % CI: 1.02, 2.60).

The ORs for the parents’ bedroom being treated for
pests in the year before pregnancy, during pregnancy, and
in either period were as follows: 1.56 (95 % CI 1.10, 2.43),
1.53 (95 % CI 0.92, 2.53) (Table 2), and 1.56 (95 % CI
1.04, 2.35) (not shown in table), respectively. There
appeared to be no association with either parent sleeping in
the treated bedroom before pregnancy, while the OR for
the mother sleeping in the treated bedroom during preg-
nancy was 1.60 (95 % CI 0.96, 2.69) (Table 2). The OR for
the mother sleeping in the bedroom before or during
pregnancy was 1.45 (95 % CI 0.93, 2.27) (not shown in
table). No associations were seen for the child’s bedroom
being treated or the child sleeping in the bedroom. Sup-
plementary Table 1 shows the results of the corresponding
analyses when adjusting only for frequency-matching
variables. Generally, the ORs for pest control treatment
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exposure seen in these minimally adjusted models are
lower than those of the equivalent fully adjusted models in
Table 2.

There was no appreciable increasing trend in ORs for
household exposure to pesticide treatments before or dur-
ing pregnancy with increasing age of the child at diagnosis/
recruitment (Supplementary Table 2).

The ORs for low-grade gliomas associated with home
pesticide exposure before and during pregnancy were
similar to those for CBT overall (~1.5), while those for
high-grade gliomas were somewhat higher for both peri-
ods: 2.99 (95 % CI 0.99, 9.02) and 4.58 (95 % CI 1.39,
15.14), respectively (Table 3). There was also some sug-
gestion of increased risks for ependymomas (both periods)
and embryonal tumors (during pregnancy), although the
effect estimates for these subgroups were imprecise.

Relatively few fathers were occupationally exposed to
pesticides before the child’s birth (Table 4). The ORs for
occupational exposure at any time before the child’s birth
and in the year before pregnancy were similar: 1.28 (95 %
CI 0.81, 2.02) and 1.36 (95 % CI 0.66, 2.80), respectively.
The latter OR changed little when the reference group
comprised fathers unexposed to pesticides in the year
before the pregnancy (OR 1.33, 95 % CI: 0.65, 2.74) (not
shown in table). ORs for maternal occupational exposure
were not estimated as only two cases and 14 control
mothers were exposed to pesticides at any time before the
child’s birth.

A higher proportion of controls than cases had missing
data, and controls’ missing data had a lower average IRSD
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Table 4 Paternal occupational exposure to pesticides and risk of
childhood brain tumors

n Cases/controls OR? 95 % CI
Not exposed any time 210/705 1.0 Referent
before the pregnancy
Exposed any time 33/85 1.28 0.81, 2.02
before the pregnancy
Exposed in the year 13/29 1.36 0.66, 2.80

before the pregnancy

4 Adjusting for matching variables: child age, sex, State of residence,
year of birth group, parental education, child’s ethnicity, fathers age,
maternal and paternal occupational diesel exhaust exposure

than those with data. Therefore, an imputation analysis was
conducted in which the frequency of pesticide exposure
among controls with missing data was imputed from that of
participating controls in the same IRSD range. The model
was adjusted for matching variables, child’s year of birth
group, and IRSD as a continuous variable (the only vari-
ables available for controls missing questionnaire data),
and run 50 times and the ORs averaged. The results from
this imputation analysis were 1.36 (95 % CI: 1.00, 1.85),
1.38 (95 % CI: 0.96, 1.98), and 0.93 (95 % CI: 0.71, 1.23)
for home professional pesticide use before, during, and
after the pregnancy, respectively (Supplementary Table 3).

Discussion

Our results indicate that professional pest control treatments
in the home during the year before the index pregnancy may
be associated with an increased risk of CBT. These results
are also suggestive of a positive association with pest
control treatment during the pregnancy, but there were few
exposed cases and the ORs were close to the null when
households treated before the pregnancy or after the birth
were excluded. The ORs for some CBT subtypes, particu-
larly high-grade gliomas, were higher than those for CBT
overall. There was some evidence that paternal occupa-
tional exposure to pesticides in the preconception period
was associated with increased risk. On the other hand, we
found little evidence that treatments done after the child’s
birth were associated with risk of CBT. ORs were elevated
if the child was home during the treatment, but this may be a
chance finding or a result of reporting bias given the gen-
erally null results for childhood exposure.

Very few other studies have specifically investigated
pest control exposure in the preconception period; most
have looked at exposures during pregnancy or in a speci-
fied period prior to the child’s birth that included both the
pregnancy and the period leading up to it. In a French
study, Cordier and colleagues reported an OR of 1.8 (95 %

CI: 0.8, 4.1) for home pesticide treatments during preg-
nancy [8], and Pogoda and colleagues reported an OR of
1.7 (95 % CI: 1.1, 2.6) for prenatal exposure to flea and
tick pesticides in the US [10]. In a study conducted in the
USA and Canada, Van Wijngaarden and colleagues [11]
reported positive associations between paternal insecticide,
herbicide and fungicide exposure with astrocytoma, and
herbicide exposure with primitive neuroectodermal tumors
(PNETs). Maternal insecticide and fungicide exposure was
associated with astrocytoma but not PNETSs. Another study
reported a positive association for insecticide use by the
father only, and only for tumors other than astrocytoma and
PNET; exposures in the 2 years before the child’s birth
were examined, so both the pregnancy and preconception
periods were included [13]. Two other studies examining
maternal pesticide exposure during gestation found little
evidence of an association [17, 24].

An international case—control consortium also reported
positive associations with parental agricultural and/or
occupational pesticide exposures during pregnancy or in
the month before pregnancy [9, 12, 14]. A Swedish cohort
study examining paternal occupational exposures
2-26 months before the child’s birth reported a positive
association: RR 2.36 (95 % CI: 1.27, 4.39) [15]. A Nor-
wegian cohort study that analyzed census data reported a
positive association with agricultural pesticide expenditure
(used as a proxy for pesticide use), but the exposure win-
dow was broad (5 years) [25].

While we found little evidence of any association
between childhood pesticide exposure and risk of CBT,
four previous case—control studies have reported at least
some evidence of associations with various types of home
pesticide exposure to the child [8, 14, 17, 18]; however, the
findings of two of these studies were imprecise and based
on small numbers [17, 18]. Three others reported null
results [10, 19, 26]; one of these studies, however, did
report increased risk among children diagnosed between O
and 4 years of age [10]. These differences in findings are
likely to be at least partly due to the variation in exposures
and time periods examined.

Overall, our findings are consistent with most previous
studies that exposure of parents during the preconception
and/or gestational period is positively associated with CBT
risk.

Professional pest control treatments in the home during
the preconception period are likely to result in exposure for
both parents who reside in the home, and it is difficult to
determine which parent’s exposure may be more important.
The OR for preconception exposure was elevated when the
father was at home during treatment but not when the
mother was at home. These results are suggestive that
paternal exposure to pesticides is at least as important as
maternal exposure. If this is the case, the most plausible
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biological mechanism would be damage to the male germ
cell. Developing sperm may be damaged by oxidative
stress resulting from environmental exposures [27], and
there is evidence that pesticides can induce oxidative stress
in the lymphocytes of pesticide workers [16, 28] and
genotoxicity in domestic users [29]. DNA damage in sperm
caused by oxidative stress and possibly other mechanisms
may initiate cancer development in the offspring, although
there is uncertainty as to the precise mechanism involved
and which pesticides are most likely to produce these
effects. Potential mechanisms by which maternal precon-
ception exposure may play a role are less clear. One pos-
sibility is that residual chemicals in the mother’s tissues or
in the household environment from preconception exposure
affect the embryo during very early development.

Our results also suggest that professional termite treat-
ments may pose greater risk than general insecticide
treatments. In Australia, termite treatments can only be
applied by licensed pest controllers [30]. Chemicals
approved for termite treatments include bifenthrin, fipronil,
deltamethrin, chlorpyrifos, permethrin, and imidacloprid—
all of which are also used for extermination of pests other
than termites [3, 31]. Arsenic trioxide, hexaflumuron, and
chlorfluazuron are used exclusively for termite treatments
[3, 31]. Although our study is not able to identify the exact
chemicals that parents were exposed to, it is possible that
chemicals used for termite treatments may be more
strongly associated with risk of CBT.

The strengths of this study are that it was population-
based, with case recruitment from all 10 pediatric oncology
centers in Australia and that control recruitment was
undertaken by national random-digit dialing using state-of-
the-art methods. During the recruitment period, around
90 % of the Australian population had a landline telephone
[32]. The exposure of interest—professional pest control
treatments—was chosen as it is likely to be recalled more
accurately than general pesticide use around the home, thus
reducing exposure measurement error. In addition, we used
telephone interviews conducted by staff blinded to case/
control status to acquire detailed information about the
nature, timing, and location of home treatments and
occupational exposure so that these conditions could be
analyzed. We were also able to distinguish between
exposures in different time periods relating to conception,
gestation, and after the child’s birth.

This study also had some limitations. The participation
fraction of both cases and controls was relatively low, and
lower for controls. Also, mean IRSD, an area-based mea-
sure of socioeconomic status, was higher in participating
controls than cases (although both were higher than the
national average). The tendency for controls to be living in
higher SES areas than cases introduces the possibility of
selection bias, particularly if exposure is related to SES.

@ Springer

We were unable to determine pesticide use among non-
participants but, as there is no clear relationship between
home pesticide use and SES among participating controls,
any effect of selection bias is difficult to predict. There was
a tendency for paternal occupational exposures to pesti-
cides to be more common in lower SES families: any
resulting selection bias may have led to some overestima-
tion of odds ratios. The results of our quantitative impu-
tation analysis were not materially different from the
reported results, suggesting that non-response to question-
naires could not fully explain our findings.

As in all case—control studies, recall bias caused by case
parents’ increased rumination about possible exposures
may have led to pest control treatments being over-reported
among cases relative to controls. Recall bias would tend to
inflate the ORs, but it is unlikely to produce different
results for different exposure periods; thus, we believe our
findings are unlikely to be entirely attributable to recall
bias. On the other hand, case mothers may underreport
recognized harmful exposures due to social desirability or
feelings of guilt. This is plausible, given that parents are
likely to associate chemicals that can kill insects or other
animals with potential harm to their children. However,
this would tend to lead to underestimation of a positive
association, rather than inflate it. There is likely to have
been error in the reporting of exposure, since parents were
asked to recall details of treatments that occurred up to
15 years previously. Use of professional pest control
treatments as the exposure of interest aimed to minimize
such error, and for most families, the period of recall would
have been 7 years or less. The lack of trend in the mag-
nitude of ORs across child age groups suggests that it is
unlikely that estimates were biased by differential recall
between cases and controls over time. It was not possible to
determine the exact chemical components of the pesticides
used, which may vary greatly with respect to potential
carcinogenicity. As these details were not asked of parents,
this type of error would apply to both cases and controls.

Occupational exposure may be subject to recall bias as
case parents may consider past exposures more than con-
trol parents. However, mixing or applying pesticides are
very specific tasks that people are likely to remember
whether a part of their job. It is considered that the fre-
quency that is more problematic to recall [33]. We classi-
fied parents as being either exposed or non-exposed, which
we considered to be less prone to differential misclassifi-
cation. Limiting the assignment of pesticide exposure to
active handling may have led to misclassification of sub-
jects passively exposed to pesticides in their job, for
example, by re-entry into the treated crop or packaging.
Information on these types of exposure was not available
from the job-specific questionnaires. This misclassification
was assumed to be non-differential to case/control status.
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Moreover, the effect on the risk estimates is likely to be
minimal, as these potentially exposed subjects would be
few in number and would have been misclassified as non-
exposed.

In conclusion, our findings are consistent with a positive
association between home pesticide use in the year before
the index pregnancy and risk of CBT. The relationship with
occupational exposure to pesticides is less clear but sug-
gests a positive association. As CBT is relatively rare,
future pooling of data from similar studies would enable
more detailed investigation of these associations, including
analysis of dose-response and tumor subtypes. However,
given the consistency of our findings with those of most
previous studies, the avoidance of pest control treatments
by parents in the prenatal period would be advisable.
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