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Selection bias in case—control studies on household exposure to pesticides
and childhood acute leukemia
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The goal of this study was to investigate the potential for selection bias in published case—control studies on household exposure to pesticides and
childhood acute leukemia; most studies have reported positive findings. Items to evaluate the potential for selection bias were first developed. They
focused on the source populations that gave rise to cases and controls, the probabilistic selection of subjects from the source, and the losses of the subjects
actually selected. A quantitative assessment of bias was also carried out. Potential sources of selection bias were found in all the studies, but none of them
were observed across all the studies. Main sources of potential bias were a non-concurrent selection of controls with respect to cases, the use of control
diagnoses possibly caused by pesticide exposure in hospital-based studies, and non-participation of selected eligible subjects. A quantitative assessment of
bias concluded that non-participation alone could not explain the reported positive associations. We conclude that overall, selection bias, as a likely source
of bias in these studies, does not seem to explain their positive findings. Our analysis provides arguments strengthening the conclusions on associations
reported in earlier studies.
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Introduction

Childhood acute leukemia (CAL) is the most common
cancer among children, with an etiology that remains largely
unknown. Acute lymphoblastic leukemia is the most
common subtype in developed countries and acute myelo-
blastic leukemia accounts for nearly all the cases of non-acute
lymphoblastic leukemia. The only established risk factors for
CAL are ionizing radiation at high levels and some rare
genetic disorders, in addition to age and sex. As CAL is a
rare disease, most of the etiological studies have been of the
case—control type.

A number of environmental risk factors have been studied
as possible determinants of CAL (Belson et al., 2007), and
among them household exposure to pesticides. Nearly all
the case—control studies that investigated this exposure
(Lowengart et al., 1987; Buckley et al., 1989; Schwartzbaum
et al., 1991; Leiss and Savitz, 1995; Meinert et al., 1996;
Infante-Rivard et al., 1999; Meinert et al., 2000; Ma et al.,
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2002; Alderton et al., 2006; Menegaux et al., 2006; Pombo-
de-Oliveira and Koifman, 2006; Rudant et al., 2007) reported
significant associations, with odds ratios close to two. It is
known that one of the main challenges of case—control
studies is the rigorous selection of controls. In case—control
studies, the distribution of exposure among controls should
be representative of the exposure in the study base, the
population which has given rise to the cases (Miettinen, 1985;
Savitz, 2003). Socio-demographic differences between the
controls providing data and targeted controls for selection in
the study base, can lead to selection distortion assuming these
factors are associated with exposure, as was observed for
household pesticides. A large survey recently carried out in
the UK on 13,391 pregnant women investigated household
exposure to pesticides during pregnancy and the four
following years (Steer and Grey, 2006). They observed that
the independent factors related to pesticide use were an older
age at the time of pregnancy, a higher parental educational
level, owning the housing tenure, and being white. Higher use
of pesticide with higher socioeconomic status has also been
reported in smaller surveys (Robbins et al., 2001; Robbins
and Sharp, 2003) or in controls of a CAL study (Leiss and
Savitz, 1995). On the contrary, other small surveys suggested
no consistent trends in pesticide use with age, income,
education, ethnicity, or home ownership (Adgate et al., 2000;
Lu et al., 2001; Berkowitz et al., 2003), and another
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suggested higher use in poorer quality housing (Whyatt et al.,
2002). Two CAL case—control studies (Meinert et al., 1996;
Rudant et al., 2007) reported higher rates of use in rural
areas than urban areas, in controls. The proportions of
pesticide use also differed across surveys (Steer and Grey,
2006) and between control groups in the different CAL case—
control studies, indicating differences in use between
countries, regions, and calendar periods.

We believe that control selection has not been scrutinized
enough in the CAL studies on household exposure to
pesticides, possibly because of inadequate or incomplete
reporting. A careful assessment of all the practical and
conceptual steps involved in the identification and actual
selection of controls would be useful to determine whether we
can rely on the almost uniformly positive results showing an
association between household exposure to pesticides and
CAL.

In the present paper, we first developed a checklist of items
to evaluate the potential for selection bias in case—control
studies on CAL. Some tools for critical appraisal of
epidemiologic studies have been developed (Sanderson
et al., 2007), but seemed more suitable for clinical studies,
or the listed criteria mainly address the accuracy of reporting
(von Elm et al., 2007). Some of the available grids focused
on all potential biases, which resulted in only a few general
items on selection bias. Examples of such items are
“Were the subjects asked to participate representative of
the entire population from which they were recruited”
(Macfarlane et al., 2001) or “Is the study population
considered adequate” (Borghouts et al., 1998; Nguyen
et al., 1999). Although these items are clearly appropriate,
they may not be sufficiently detailed to allow appropriate
scrutiny of potential sources of selection bias. After
developing our checklist, we reviewed the studies on house-
hold exposure to pesticides and CAL to determine whether
their reported methods were in agreement with the items of
our list. We also carried out a quantitative assessment of bias
(Kleinbaum et al., 1981; Greenland, 1996). Our objective
was to determine whether selection bias was a likely factor for
the mostly positive results reported for household exposure
and CAL.

Methods

Items to evaluate studies for selection bias were defined
(Table 1), and are described below. The first four items focus
on the source populations that give rise to cases and controls.
The next two items concern probabilistic subject selection.
The last five items focus on the losses of the subjects actually
selected.

Articles published in English from 1960 to March 2008 on
household exposure to pesticides and CAL were searched in
Pubmed. A first set of articles was identified by using the
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Table 1. Summary of items developed to evaluate the potential for
selection bias in case—control studies on childhood acute leukemia.

Items 1-4: source of controls representative of the study base with respect to

exposure
Ttem 1 Concurrent selection based on calendar time and
place of case diagnosis
Item 2 Age matching
Ttem 3 Same inclusion/exclusion criteria
Ttem 4 For hospital controls, exclusion of diagnoses

caused by the studied exposure

Items 5 and 6. subject selection

Ttem 5 Complete or probabilistic ascertainment of cases
from the base
Ttem 6 Probabilistic selection of controls from the

source

Items 7-11: losses
Items 7-10: accuracy of
reporting of

Item 7 Number of eligible subjects
Item 8 Number of non-participants
Ttem 9 Number of participating subjects selected as

first, second, or later choices
Number of missing data

Reporting of some characteristics of
non-participants

Item 10
Ttem 11

following Mesh terms or key words: (1) child, infant, adole-
scent; (2) leukemia, hematopoietic malignancies, cancer;
(3) pesticides, insecticides, herbicides, fungicides, and envi-
ronmental exposure. Then, the papers that published
estimates of association between CAL and household
exposure to pesticides (whatever the pesticide exposure) were
reviewed to determine whether their reported methods were
in agreement with the items of our list. If the selected papers
referred to another publication in which study methods were
more detailed, we also reviewed that additional paper.

Finally, a sensitivity analysis, described below, was
performed to quantify the effect of losses in term of selection
bias for each of the reviewed study.

Items Developed to Evaluate Studies for Selection Bias

Items 1-4: Source of Controls Representative of the Study
Base with Respect to Exposure Selection bias would seem
unlikely if controls are appropriately selected from a pool of
eligible subjects at the calendar time and place of case
diagnosis (i.e. concurrently, as opposed to at the end of or
after the risk period). Calendar time and place are chosen as
plausible matching variables because of the potential
variability of the exposure over time and place, and
because selection among those who live in an area several
years after case diagnosis may result in a different exposure
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profile than selection from the pool of those who are at risk at
the time a case occurs (e.g. if moving in or out of an area is
associated with exposure). The more time elapses between
case diagnosis and control selection, the greater the likelihood
for change in exposure prevalence, and thus for bias (Poole,
1996; Savitz, 2003).

Among the other eligibility criteria, age could be retained
among the selection criteria, as a strong determinant of CAL
and a likely one for exposure. Obviously, instead of matching
for age, adjusting in the analysis will provide valid results.
However, recall is more likely to be similar when case and
controls are of the same age.

Finally, inclusion or exclusion criteria should be similar in
both groups, as they simply refine the scope of the study base.
An additional requirement when selecting hospital controls is
to exclude diagnoses that would be caused by the studied
exposure (Wacholder et al., 1992).

In summary, items 1-4 are (Table 1) concurrent selection
of controls based on calendar time and place of case
diagnosis (item 1); age matching (item 2); similar inclusion/
exclusion criteria between cases and controls (item 3); and,
for hospital controls, exclusion of diagnoses caused by the
studied exposure (item 4).

Items 5 and 6: Subject Selection Although selecting
representative cases is important mainly for generalizability,
and lack of it may not affect internal validity if controls
are appropriately selected, most CAL studies seemed to
aim at selecting representative cases in a geographical area
over a period of time. In our review, case ascertainment
was considered complete if the ascertainment relied on a
population-based cancer registry reported to be exhaustive. If
case ascertainment was claimed to be population-based but
hospital-based in practice, we expected that all the hospitals
with childhood cancer services serving the study base were
used to identify and select cases, and that all (or a random
sample) incident cases over the study period were selected in
each hospital.

The selection process for controls may be split into two
steps. The first step consists in conceptually identifying a
source of potential controls, as discussed earlier (items 1-4),
and the second in their actual probabilistic selection from a
data source. It is easy to see that the more favorable situation
occurs when a complete roster is available, because otherwise
it may be difficult to ensure that every eligible subject has the
same chance of being selected. Using procedures to select
controls that involve telephone number rosters, each phone
number in the study area should have the same chance of
being reached, implying that the roster should be complete
and up-to-date. In the eventuality of incomplete phone
coverage, as it has been described among the poor in the
United States (Anderson et al., 1998), a sensitivity analysis
may be carried out whereby cases without telephone are also
excluded from the analysis. If the number of residences that
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can be reached by more than one phone number is expected
to be non-negligible, the sampling process may be stratified
by the number of telephone lines per household. An
alternative is to collect this information both for cases and
controls, to take it into account in the analysis. Bias in
estimating exposure related to family size can be introduced
when methods to select controls rely on the identification of
households, such as with a phone call procedure or with
procedures using a roster of families (Greenberg, 1990;
Wacholder et al., 1992). An eligible child with other eligible
siblings is less likely to be selected as a control than one with
no siblings. Potential for this bias will be limited if cases and
controls are individually and closely matched on age or if
sampling is stratified by family size.

In summary, items 5 and 6 are (Table 1) complete or
probabilistic ascertainment of cases from the base (item 5);
and probabilistic selection of controls from the source
(item 6).

Items 7—11: Losses Once eligible cases and controls have
been selected, participation of study subjects in the form of
providing biological samples or questionnaire information
should be obtained for a maximum of subjects. In the study
results, it is important to report the number of eligible
subjects based on a priori criteria and not to reduce the list of
eligible subjects a posteriori, for example by taking out those
that have confidential telephone numbers, when access at
one point or other involves a phone contact. Although it is
conventional to report reasons for non-participation, it is
most often the case that there can only be speculation as to
whether one reason carries a higher potential for bias than
another. Possibly more important, but much less often done,
is reporting, for controls in particular, of how many of the
participating subjects were selected as first, second, or later
choices. Ideally also, some of the characteristics of non-
participants should be reported. Finally, a substantial
amount of missing data from participating subjects can also
be problematic and result in bias.

In summary, items 7-11 are (Table 1) accuracy of
reporting of the following numbers: eligible subjects (item
7); non-participants (item 8); participating control subjects
selected as first, second, or later choices (item 9); missing
data (item 10); reporting of some characteristics of non-
participants (item 11).

Sensitivity Analysis

For each study, we aimed at quantifying the effect of losses in
terms of selection bias, defining losses as per items 7 and 8,
that is number of non-participants among number of eligible.
We focused on the odds ratio for association between CAL
and household exposure to pesticides that would have been
observed with complete subject participation. Thus, this
“corrected”” odds ratio corresponds to the odds ratio for
association between CAL and household exposure to
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pesticides in all eligible subjects who were selected (partici-
pants and non-participants). For each study, in which the
number of losses was adequately reported, we estimated
a range of realistic values for this corrected odds ratio. Our
method is detailed below.

By definition, the odds ratio for association between

CAL and household exposure to pesticides in eligible subjects
who were selected (participants and non-participants) is
equal to:
Corrected odds ratio = [PECases *(1 _PEControls)]/[PEContrd;‘<
(1—PEcases)], where PEconuors denotes the prevalence of
exposure among the eligible controls who were selected, and
PE . denotes the prevalence of exposure among the eligible
cases who were selected. We estimated a range of realistic
values for PEconwols and PEcgues. These prevalences can be
estimated from participation rates, prevalence of exposure in
participating subjects, and the odds ratio for association
between household exposure to pesticides and participation
status (yes/no) (see Appendix 1 for details of calculation).
Participation rates and prevalence of exposure in participat-
ing subjects can be obtained from the articles (assuming
accurate reporting). However, we hypothesized the likely
values of the odds ratios for association between household
exposure to pesticides and participation status. We assumed
that the odds ratio for association between household
exposure to pesticides and participation status could vary
from 2.0 to 0.5, for both cases and controls. This range
corresponds to the magnitude of the associations observed
between household exposure to pesticides and socio-
demographic factors (reduced to dichotomous variables) in
the literature (Steer and Grey, 2006). An odds ratio for
association between household exposure to pesticides and
participation status greater than one means that participation
in exposed subjects is higher than among unexposed subjects.
An odds ratio for association between household exposure
to pesticides and participation status lower than one means
that participation among exposed subjects is lower than
among unexposed subjects.

Participation rates were calculated from the papers by
dividing the number of subjects who were interviewed by
the total number of eligible subjects in the initial sample of
selected subjects. The prevalence of exposure in participating
controls was calculated by dividing the number of exposed
controls by the total number of participating controls. The
prevalence of exposure in participating cases was obtained
from the prevalence of exposure in participating controls
and the odds ratio for association between pesticide exposure
and CAL reported in the paper.

Results

Eleven articles on household exposure to pesticides and CAL
were reviewed (Lowengart et al., 1987; Buckley et al., 1989;
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Schwartzbaum et al., 1991; Leiss and Savitz, 1995; Meinert
et al., 1996; Infante-Rivard et al., 1999; Meinert et al., 2000;
Ma et al., 2002; Menegaux et al., 2006; Pombo-de-Oliveira
and Koifman, 2006; Rudant et al., 2007). Their features are
summarized in Table 2. Three of these (Leiss and Savitz,
1995; Meinert et al., 1996; Menegaux et al., 2006) cited
other papers (Savitz et al., 1988; Kaatsch et al., 1996;
Perrillat et al., 2002) detailing the relevant study design.
Schwartzbaum et al. (1991) in an exploratory study aimed
at comparing several exposures across nine childhood cancer
types rather than arbitrarily designating one diagnostic
category as cases and the others as controls. Yet, as we are
focusing here on CAL, we applied the items as if CAL was
the case disease, and the other types of cancers the controls.
Another study was excluded as only children with Down
syndrome were included (Alderton et al., 2006). Nine of the
11 studies reported at least one significant association
(Lowengart et al., 1987; Buckley et al., 1989; Leiss and
Savitz, 1995; Meinert et al., 1996; Infante-Rivard et al.,
1999; Ma et al., 2002; Menegaux et al., 2006; Pombo-de-
Oliveira and Koifman, 2006; Rudant et al., 2007). Table 3
shows the main associations between CAL and household
exposures to pesticides reported in the papers (insecticide/
indoor use, herbicide/outdoor use, any pesticide use).
Meinert et al. (2000) reported a non-significant association
both for insecticide use and garden pesticide use; yet, the
authors found an OR equal to 1.8 (1.0-3.3) for use of
insecticides more than ten times per year compared to less
than once per year. Schwartzbaum et al. (1991) did not
report a stronger association for CAL than for the other
types of cancer. Below, we report our assessment of the
selected studies based on the approach described in the
method section.

ITtems

Items 1-4: Concurrent Selection of Controls, Age
Matching, Inclusion, and Exclusion Criteria for Cases
and Controls, Exclusion Criteria for Hospital Controls 1In
four studies, two hospital-based (Schwartzbaum et al., 1991;
Pombo-de-Oliveira and Koifman, 2006) and two population-
based (Infante-Rivard et al., 1999; Ma et al., 2002) studies,
controls were selected concurrently with respect to the time of
case diagnosis. Yet, in the two hospital-based studies, the
authors did not mention if cases and controls both had to
reside in the same hospital catchment area. In Infante-Rivard
et al. (1999), controls were selected in the same geographical
region as where the cases were diagnosed, and in Ma et al.
(2002), more than 90% of the controls were selected at the
time and place of birth of cases. As they also had to live in the
study area at the time of case diagnosis, they were considered
as eligible at the time and place of case diagnosis.

The period of control recruitment was not clearly
mentioned in six (Lowengart et al., 1987; Buckley et al.,
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Table 2. Summary of studies on childhood acute leukemia and household exposure to pesticides.

Reference Location Type of Period (case Age Case selection Control selection
leukemia ascertainment) (year)
Lowengart et al., Los Angeles county AL 1980-1984 <10 Population-based Friends (half of controls)
1987 cancer registry Call procedure (random digit dialing)
Buckley et al., 1989 USA/Canada ANLL 1980-1984 <18 100 hospitals Call procedure (random digit dialing)
(Children Cancer
Study Group)
Schwartzbaum Memphis ALL, 1979-1986 <18 St. Jude hospital St. Jude hospital (children with other
et al., 1991 ANLL childhood cancers)
Leiss and Savitz, Denver AL 1976-1983 <15 Population-based Call procedure (random digit dialing)
1995 metropolitan area cancer registry plus
hospital records
Meinert et al., 1996  Lower saxony AL 1988-1993 <15 Population based Files of local residence registration
cancer registry offices (two groups of controls: local
controls from the same community
as cases, and state controls from
another community)
Infante-Rivard Quebec ALL 1980-1993 <10 Quebec tertiary Family allowance files
et al., 1999 cancer care centers
Meinert et al., 2000 West Germany AL 1980-1994 <15 Population based Files of local residence registration
cancer registry offices
Ma et al., 2002 Northern California AL, ALL 1995-1999 <15 Major hospital centers ~ Birth certificate files
Menegaux et al., Lille, Lyon, Paris, AL, ALL 1995-1999 <15 Hospitals of Lille, Same hospitals as cases (mainly
2006 and Nancy and AML Lyon, Paris, and orthopedic and emergency units)
Nancy
Pombo-de-Oliveira 10 states in AL 1999-2005 <1,75 15 hospital Same hospitals as cases (subjects with
and Koifman, 2006  Brazil institutions severe disease)
Rudant et al., 2007  France AL, ALL 2003-2004 <15 Population-based Call procedure (phone directory)
and AML cancer registry

Abbreviations: AL, acute leukemia; ALL, acute lymphoblastic leukemia; AML, acute myeloblastic leukemia; ANLL, acute non-lymphoblastic leukemia.

1989; Meinert et al., 1996; Meinert et al., 2000; Menegaux
et al., 2006; Rudant et al., 2007) of the other seven papers
(Lowengart et al., 1987; Buckley et al., 1989; Leiss and
Savitz, 1995; Meinert et al., 1996; Meinert et al., 2000;
Menegaux et al., 2006; Rudant et al., 2007), whereas the
period of case ascertainment was always specified. Yet, the
period for “carrying out the study” was specified in five
papers (Lowengart et al., 1987; Meinert et al., 1996; Meinert
et al., 2000; Menegaux et al., 2006; Rudant et al., 2007). We
assumed that the controls were selected during this period.

In two studies (Menegaux et al., 2006; Rudant et al.,
2007), the period for carrying out the study was the same as
the period of case ascertainment, but it was not mentioned
whether controls were selected concurrently with respect to
cases or at the end of the study period. In these two studies
(Menegaux et al., 2006; Rudant et al., 2007), controls were
selected in the same geographic region as where cases were
diagnosed.

In four studies (Lowengart et al., 1987; Leiss and Savitz,
1995; Meinert et al., 1996; Meinert et al., 2000), controls
were selected in the same geographic region as where the
cases were diagnosed, but the period for carrying out the
study started after the beginning of the diagnosis period:
these periods were 1983-1985 (Lowengart et al., 1987),
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1984-1985 (Leiss and Savitz, 1995), 1992-1995 (Meinert
et al., 1996), and 1993-1997 (Meinert et al., 2000),
respectively, whereas the periods of case ascertainment for
these same studies were 1980-1984 (Lowengart et al., 1987),
1976-1983 (Leiss and Savitz, 1995), 1988-1993 (Meinert
et al., 1996), and 1980-1994 (with most cases diagnosed
between 1992 and 1994) (Meinert et al., 2000), respectively.
Thus, some controls may not have been included in the risk
set at the calendar time the case occurred, either because they
did not live in the study area at the time of case diagnosis, or
because they were not even born. In three of these studies
(Lowengart et al., 1987; Meinert et al., 1996; Meinert et al.,
2000), bias could have arisen if the prevalence of exposure to
pesticides differed between controls moving away from or
into the study area in comparison with those who stayed,
between the time of case diagnosis and the time of control
selection. Leiss and Savitz (1995) selected controls who had
lived in their current residence at the time the case was
diagnosed (Savitz et al., 1988), so that in- and out-migration
could not have occurred among eligible controls. In three
studies (Lowengart et al., 1987; Meinert et al., 1996; Meinert
et al., 2000), controls were matched to cases on date of birth;
thus, the calendar period for exposure measurement was the
same in the two groups and a potential change in pesticide
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use over time should not have been a problem. In Buckley
et al. (1989), where the period for carrying out the study was
not specified, controls were also matched on date of birth,
minimizing the likelihood for bias. On the contrary, in Leiss
and Savitz (1995) where cases and controls were not matched
on date of birth, bias could have been introduced if pesticide
use changed over time.

Cases of CAL and controls were matched on age in nine
studies ( Lowengart et al., 1987; Buckley et al., 1989; Leiss
and Savitz, 1995; Meinert et al., 1996; Infante-Rivard et al.,
1999; Meinert et al., 2000; Ma et al., 2002; Menegaux et al.,
2006; Pombo-de-Oliveira and Koifman, 2006). In Rudant
et al. (2007) controls were frequency matched with cases
of childhood leukemia, lymphoma, neuroblastoma, and
brain tumor, so that cases of CAL and controls differed
slightly with respect to age. In Schwartzbaum et al. (1991),
cases of CAL were not matched on age with the other types
of cancer. However, analyses were closely adjusted on
age in these two studies (Schwartzbaum et al., 1991; Rudant
et al., 2007).

Inclusion/exclusion criteria reported in the papers were
similar for cases and controls in nine studies (Lowengart
et al., 1987; Buckley et al., 1989; Schwartzbaum et al., 1991;
Meinert et al., 1996; Infante-Rivard et al., 1999; Meinert
et al., 2000; Menegaux et al., 2006; Pombo-de-Oliveira and
Koifman, 2006; Rudant et al., 2007). In Ma et al. (2002),
<10% of cases were born outside the study area, contrary to
their controls selected from the statewide birth certificate files,
providing an opportunity, albeit limited, for selection bias if
pesticide exposure was associated with moving into the area.
In Leiss and Savitz (1995), controls were restricted to those
who had lived in their current residence at the time their
matched case was diagnosed. This reflected an effort to select
controls who would have been eligible at the time of case
diagnosis. However, this strategy also led to the selection of
residentially stable controls compared with cases (Savitz
et al., 1988), because this criterion was not applied to cases
who could have lived anywhere in the years prior to
diagnosis. If residential mobility was linked to pesticide
exposure, this may have contributed to selection bias.

In one hospital-based study (Schwartzbaum et al., 1991)
controls had cancers that could have been caused by pesticide
exposure (Infante-Rivard and Scott Weichenthal, 2007). In
the two other hospital-based studies (Menegaux et al., 20006;
Pombo-de-Oliveira and Koifman, 2006), many different
diagnostic categories were included, which should have
minimized the likelihood of a bias by a dilution effect if only
few diseases were related to pesticide exposure.

In one study, half of controls were friends of cases
(Lowengart et al., 1987). Although the nature of controls
other than population- and hospital-based controls was not
included as items in our evaluation criteria, a main limitation
with this source of controls is that controls may be too similar
to cases with regards to the exposure investigated.

Journal of Exposure Science and Environmental Epidemiology (2010) 20(4)

Item 5: Case Ascertainment In five studies, cases were
ascertained from population-based cancer registries reported
to be exhaustive (Lowengart et al., 1987; Leiss and Savitz,
1995; Meinert et al., 1996; Meinert et al., 2000; Rudant
et al., 2007). In the six studies in which case ascertainment
was hospital-based (Buckley et al., 1989; Schwartzbaum
et al., 1991; Infante-Rivard et al., 1999; Ma et al., 2002;
Menegaux et al., 2006; Pombo-de-Oliveira and Koifman,
2006) the sampling strategy was not detailed enough to
ensure that all the cases of CAL (or a random sample)
diagnosed in the given hospitals during the study period were
selected. Yet, as CAL is a rare disease that needs very specific
care, we believe all cases were likely selected. In one study
(Infante-Rivard et al., 1999), all possible cancer units in a
determined geographic area were reported to be included,
and, in two other studies, the authors compared the cases
ascertained with those ascertained by a statewide population-
based registry and found that the protocol successfully
identified 88% (Ma et al., 2002) and 91% (Pombo-de-
Oliveira and Koifman, 2006) of all the newly diagnosed CAL
cases in the study area.

Item 6: Selection of Controls from the Source Four
studies used population registers to identify potential
controls: files of local residence registration offices (Meinert
et al.,, 1996; Meinert et al., 2000), family allowance files
(Infante-Rivard et al., 1999), and birth certificates files (Ma
et al., 2002). In four studies, controls were selected using a
phone call procedure (Lowengart et al., 1987; Buckley et al.,
1989; Leiss and Savitz, 1995; Rudant et al., 2007). In each
instance, the telephone numbers in the area were randomly
dialed. Cases from households without phones were reported
to have been excluded in only one study (Buckley et al.,
1989), and, according to the information available in the
papers, none of the studies took into account the possibility
that a household could have several phone lines. Proportions
of such households (with no phone or several phone lines) in
the study area were not provided in the articles. However,
not having home phone services is quite rare in the countries
where these studies were done, (Anderson et al., 1998;
Cloarec and Victor, 2004). The method to select controls
relied on the identification of households in the four studies
using a phone call procedure, and, potentially in three of the
four studies using population registers in which it was not
clearly mentioned if the children, rather than the families,
had been randomly selected from the rosters (Meinert et al.,
1996; Infante-Rivard et al., 1999; Meinert et al., 2000). As
sampling was either stratified by family size (Rudant et al.,
2007), or cases and controls were reported to be indivi-
dually matched on age (Lowengart et al., 1987; Buckley
et al., 1989; Leiss and Savitz, 1995; Meinert et al., 1996;
Meinert et al., 2000), a bias should not have occurred even
though family size was linked to pesticide use.
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In the hospital-based studies (Schwartzbaum et al., 1991;
Menegaux et al., 2006; Pombo-de-Oliveira and Koifman,
2006), a number of hospitalized children were identified as
potential controls, but the process of selecting them was not
reported in the reviewed papers.

Items 7-11: Accuracy of Reporting for Eligibility,
Participation Rate, Missing Data, Rank Choice for
Controls, Characteristics of Non-Participants The total
number of eligible cases and the number of non-participating
cases were reported or could be calculated in 10 papers
(Lowengart et al., 1987;Buckley et al., 1989; Schwartzbaum
et al., 1991; Leiss and Savitz, 1995; Meinert et al., 1996;
Infante-Rivard et al., 1999; Ma et al., 2002; Menegaux et al.,
2006; Pombo-de-Oliveira and Koifman, 2006; Rudant et al.,
2007). In one paper, these numbers were given for all the
types of childhood cancers together (Meinert et al., 2000), but
not separately by cancer types. With respect to controls, the
total number of eligible subjects and the number of non-
participants in the initial selected sample were not provided in
the Ma et al. (2002) paper and in the four studies relying on
call procedures ( Lowengart et al., 1987; Buckley et al., 1989;
Leiss and Savitz, 1995; Rudant et al., 2007). Indeed, with call
procedure it is not possible to determine if there are some
eligible children at telephone numbers that never respond. On
the other hand, the number of refusals among subjects whose
eligibility could be determined was available in three (Buckley
et al., 1989; Leiss and Savitz, 1995; Rudant et al., 2007) of
these four studies relying on call procedures. With respect to
the Ma et al. (2002) paper, the rate of participation among
controls that could be approached was provided.

The number of participating controls selected as first,
second, or later choices was reported only in two studies
(Buckley et al., 1989; Infante-Rivard et al., 1999). The
number of subjects with missing data for pesticide exposure
accounted for less than 2% of participating subjects in each
of the six studies that reported the numbers of exposed and
unexposed subjects (Buckley et al., 1989; Schwartzbaum
et al., 1991; Infante-Rivard et al., 1999; Meinert et al., 2000;
Ma et al., 2002; Menegaux et al., 2006;). In the other studies
the number of subjects with missing data could not be
determined.

There was little information provided on non-participants.
In Leiss and Savitz (1995), Caucasian cases were more
successfully interviewed than non-Caucasian cases. In Low-
engart et al. (1987) and Meinert et al. (1996), cases in the
study versus cases not in the study showed similar age and sex
distributions. In two papers (Ma et al., 2002; Rudant et al.,
2007), participating controls were compared with the control
source population. In Rudant et al. (2007), birth order,
region of residence, and maternal educational level were
similar between participating controls and the control source
population, but paternal educational level was higher for
participating controls. In Ma et al. (2002), participating
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controls well represented the control source population with
respect to maternal age and mother’s reproductive history.

Sensitivity Analysis

The sensitivity analysis was not carried out for two studies.
Lowengart et al. (1987) did not provide the numbers
of eligible and non-participating controls, and in the
Schwartzbaum et al. (1991) paper the odds ratio for
association between CAL and pesticide use, using for control
group all the other cancer types, was not provided.

With respect to the other nine studies (Buckley et al., 1989;
Leiss and Savitz, 1995; Meinert et al., 1996; Infante-Rivard
et al., 1999; Meinert et al., 2000; Ma et al., 2002; Menegaux
et al.,, 2006; Pombo-de-Oliveira and Koifman, 2006;
Rudant et al., 2007), participation rates in controls from
the initial selected sample could not be calculated in Ma et al.
(2002) or in the studies relying on call procedures (Buckley
et al., 1989; Leiss and Savitz, 1995; Rudant et al., 2007). Yet,
participation rates among subjects whose eligibility could be
assessed were available in these four studies and were used
for the calculation of the corrected odds ratios. Overall,
participation rates ranged from 71% (Leiss and Savitz, 1995)
to 96% (Pombo-de-Oliveira and Koifman, 2006) for cases
and from 66% (Meinert et al., 2000) to 99% (Menegaux
et al., 2006) for controls (Table 3). The corrected odds ratios
shown in the lower part of Table 3 correspond to the two
extreme situations in which the odds ratios of association
between household exposure to pesticides and participation
were assumed to be equal to 2.0 in cases and 0.5 in controls,
or the reverse, that is 0.5 in cases and 2.0 in controls. With
respect to the positive and significant associations reported in
eight studies (Buckley et al., 1989; Leiss and Savitz, 1995;
Meinert et al., 1996; Infante-Rivard et al., 1999; Ma et al.,
2002; Menegaux et al., 2006; Pombo-de-Oliveira and
Koifman, 2006; Rudant et al., 2007), the corrected odds
ratios were still substantially greater than one when
considering the first and more unfavorable scenario. For
instance, the corrected odds ratios for the association
between indoor insecticide use during pregnancy and CAL
were consistently still high, equal to 1.7 (Menegaux et al.,
2006), 2.1 (Leiss and Savitz, 1995), 1.6 (Rudant et al., 2007),
1.5 (Infante-Rivard et al., 1999), and 1.5 (Ma et al., 2002), in
the five studies that reported this association (Table 3). Even
in the Meinert et al. (1996) study, where participation rates
for both cases and controls were on the low side in
comparison with other studies, the corrected odds ratio for
the association between outdoor use of pesticide and CAL (as
compared to local controls) was much greater than one,
equal to 1.7 (Table 3). With respect to the second extreme
situation (odds ratios of association between household
exposure to pesticides and participation assumed to be equal
to 0.5 in cases and 2.0 in controls), the corrected odds ratios
for household insecticide use and garden pesticide use were
1.8 and 1.5, respectively, in Meinert et al. (2000) where
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non-significant associations were reported (Table 3). The
corrected odds ratios for indoor insecticide use during
pregnancy and CAL became equal to 1.9 (Menegaux et al.,
2006), 4.2 (Leiss and Savitz, 1995), 2.7 (Rudant et al., 2007),
2.0 (Infante-Rivard et al., 1999), and 2.9 (Ma et al., 2002), in
the five studies that reported this association (Table 3).

Discussion

In this paper, we investigated the potential for selection bias
for the mostly positive results reported in the eleven published
case—control studies on household exposure to pesticides and
CAL. Selection bias could have arisen if household exposure
to pesticides changed over time or was linked to residential
mobility in studies with a non-concurrent selection of controls
with respect to cases (Lowengart et al., 1987; Leiss and Savitz,
1995; Meinert et al., 1996; Meinert et al., 2000), if control
diagnoses were caused by pesticide exposure in the hospital-
based studies (Schwartzbaum et al., 1991; Menegaux et al.,
2006; Pombo-de-Oliveira and Koifman, 2006), or in case of
differential participation among pesticide users and non-users.

What is the Impact of these Biases on the Results of the
Studies on CAL and Household Pesticides?

Concerning the hospital-based studies we reviewed, the
association with CAL would rather have been underestimated
if some control diagnoses were caused by pesticide exposure,
as the control group would have been more exposed than the
base. This may explain the null results observed in
Schwartzbaum et al. (1991) where CAL were compared with
other childhood cancers possibly caused by pesticides.

It is difficult to determine the impact of factors such as
migrations or residential mobility, because it is not clear
whether such factors resulted in the inclusion of controls
more or less exposed than the base. Similarly, it is difficult to
determine the impact of possible changes in pesticide use over
time. Yet, in studies with a non-concurrent selection of
controls with respect to cases (Lowengart et al., 1987; Leiss
and Savitz, 1995; Meinert et al., 1996; Meinert et al., 2000),
the majority of cases were diagnosed a few years before the
controls, reducing the magnitude of a potential bias (Poole,
1996; Savitz, 2003). Moreover, five out of the six studies that
recruited controls during the same period as that when cases
were diagnosed (Schwartzbaum et al., 1991; Infante-Rivard
et al., 1999; Ma et al., 2002; Menegaux et al., 2006; Pombo-
de-Oliveira and Koifman, 2006; Rudant et al., 2007),
reported positive and significant results. In two of these
studies (Menegaux et al., 2006; Rudant et al., 2007), it was
not mentioned if the controls were actually selected con-
currently with respect to cases. However, the study period
was short, and even if the controls had not been selected
concurrently with respect to cases, the consequence of the lag
would have been negligible (Poole, 1996; Savitz, 2003).

Journal of Exposure Science and Environmental Epidemiology (2010) 20(4)

With respect to non-response, in most of the reviewed
studies, socioeconomic status, race, and degree of urbanization
were relatively similar between participating cases and
participating controls and the analyses were adjusted for these
factors. Yet, residual confounding could occur after adjusting
for some markers of socioeconomic status. On the basis of a
relatively scarce literature, it is noteworthy that groups using
more pesticides (Steer and Grey, 2006) appear to have the
same characteristics as people more willing to participate in
epidemiologic studies (Richiardi et al., 2002; Galea and Tracy,
2007; Mezei et al., 2008; Shen et al., 2008) such as being of
rather higher socioeconomic status and living in more rural
areas. If this pattern applied to controls in the reviewed studies,
users of pesticides would have tended to be more willing to
participate than non-users, and odds ratios would have been
somewhat underestimated as compared to the true odds ratios
(assuming the participation in exposed cases was similar to that
in unexposed cases). Nevertheless, the literature is scarce and
both the determinants of pesticide use and of participation in
case—control studies are not well known. Moreover, the
reviewed studies provided very little information in that respect.
Thus, in our sensitivity analysis we covered a broad range of
situations, and even the more unfavorable scenario (odds ratios
of association between household exposure to pesticides and
participation assumed to be equal to 2.0 in cases and 0.5 in
controls) led to corrected odds ratios still substantially greater
than one (for the reported positive and significant associations),
even in the studies with relatively low participation rates.

Reporting of Methods in Reviewed Manuscripts on
Pesticides and Childhood Leukemia

Our analysis confirms the results of earlier analyses that
found that reporting on important methodological aspects of
research is often too limited in epidemiology (Pocock et al.,
2004). In our work, some items could not be fully ascertained
because of lack of sufficient details. For a number of aspects,
details should have been easy to provide: for example, the
exact number of subjects with missing data, the time period
of control selection, and the exact selection procedure of
cases. Each of these limitations in reporting concerned about
half of studies and we had to make some assumptions
that seem realistic (e.g. that the period of control recruitment
was the period for carrying out the study, that most cases
diagnosed in a hospital were selected, or that there were
few missing data). For other items, providing adequate
information may be inherently more difficult: for instance,
determination of eligibility with call procedures or the
socio-demographic characteristics of non-participants.

Exposure Assessment in Studies on Pesticides and
Childhood Leukemia

The reviewed studies used broad categories of pesticides
(such as insecticides or herbicides), with little specificity in pes-
ticide type, and it is not possible to point out specific products.
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The products used nowadays in a given country may be
different from those used in the studies we reviewed; thus,
results from such epidemiological studies may not be seen as
highly relevant. However, even if many pesticides in use in the
past have been banned in the last 15 years (Karabelas et al.,
2009), most currently in use existed in the market before the
90s, in particular indoor insecticides. Moreover, current
pesticides are unlikely to have a different mechanism of
action, and thus past results may well apply to current
investigations. Recall bias may also be of concern in the
reviewed studies. Our review focused on selection bias and did
not deal with recall bias. Yet, the rare studies examining recall
bias in case—control studies of severe childhood diseases often
do not conclude to strong differential parental recall between
cases and controls (Infante-Rivard and Jacques, 2000).
Moreover, in most of the reviewed studies, questionnaires
were standardized and interviews were conducted in a similar
way for cases and controls, which would have generated less
differential error between cases and controls, if any (Mitchell
et al., 1986; Teschke et al., 1994; Teschke et al., 2000).

Assessment of Selection Bias in CAL and Electromagnetic
Fields Studies

Potential for selection bias in studies on CAL and magnetic
fields has been initially raised mainly because some studies
reported higher wire codes configuration among controls who
refused to be interviewed or among families with lower income
or social class (Hatch et al., 2000). Wartenberg (2001) explored
the potential sources of bias in these studies, albeit without
developing or applying evaluation criteria; the author con-
cluded that given the wide variety of study populations and
measurement protocols, it was unlikely that a single design
flaw had resulted in consistent effects across all studies. Mezei
and Kheifets (2006) explored the way socioeconomic status
could distort the results, and showed that realistic scenarios
could easily result in biased effect estimates in the magnitude of
1.2-1.7. In these two reviews, authors acknowledged that the
evaluation of a potential for bias was difficult, as reporting of
selection processes was incomplete. Greenland (2005) showed
through a multiple-bias approach based on Bayesian analysis
and Monte Carlo sensitivity analysis that non-response was a
large source of uncertainty in studies on CAL and magnetic
fields. Taking advantage of available information on non-
participant controls in a Canadian study, Mezei et al. (2008)
recently reported that the odds ratio for developing leukemia in
the highest exposure category was 1.6 when the actual
participating controls were used and 1.3 when the first-choice
ideal controls were used, regardless of their participation.

Conclusion

Potential sources of selection bias were found in all the studies,
but none of theses sources were observed across all the studies.
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A quantitative assessment of bias concluded that non-
participation alone could not explain the reported positive
associations. We conclude that overall, selection bias, as a
most likely source of bias in the studies on household exposure
to pesticides and CAL, does not seem to explain their positive
findings. Our analysis provides arguments strengthening the
conclusions on associations reported in earlier studies.
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