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Abstract

Objective To conduct a systematic review and meta-

analysis of published studies on the association between

parental occupational exposure to pesticides and childhood

leukaemia.

Methods Studies were identified from a MEDLINE

search through 31 July 2009 and from the reference lists of

identified publications. Relative risk (RR) estimates were

extracted from 25 studies published between 1985 and

2008. Meta-rate ratio estimates (mRR) were calculated

according to fixed and random-effect meta-analysis mod-

els. Separate analyses were conducted after stratification

for study design, definition of exposure (employment in a

farm/agriculture assuming exposure to pesticides versus

exposure to pesticides stipulated), exposed parent, window

of exposure, type of leukaemia and biocide category.

Results No statistically significant association between

childhood leukaemia and parental occupation as farmers/

agricultural workers was observed. When exposure to

pesticides was stipulated, positive associations were

reported for maternal exposure for all studies combined

(mRR: 1.62; 95% CI: 1.22–2.16), in all exposure windows

considered and for acute non-lymphocytic leukaemia

(ANLL). There was no association with paternal exposure

when combining all studies (mRR: 1.14; 95% CI: 0.76–

1.69). However, significant increased risks were seen for

paternal exposure, in some exposure windows as well as

for the biocide category.

Conclusions The strongest evidence of an increased risk of

childhood leukaemia comes from studies with maternal

occupational exposure to pesticides. The associations with

paternal exposure were weaker and less consistent. These

results add to the evidence leading to recommend minimiz-

ing parental occupational exposure to pesticides. Our find-

ings also support the need to rely more on studies that clearly

stipulate exposure to pesticides rather than those that assume

pesticide exposure because of farm/agriculture employment.
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Abbreviations

ALL Acute lymphocytic leukaemia

AML Acute myelogenous leukaemia

ANLL Acute non-lymphocytic leukaemia

95% CI 95% Confidence interval

CLL Chronic lymphocytic leukaemia

CML Chronic myeloid leukaemia

MA Meta-analysis

mRR Meta-rate ratio estimate

OR Odds ratio

PMR Proportional mortality ratio

RR Relative risk

95% UI 95% Uncertainty interval

Introduction

Childhood leukaemia is a heterogeneous group of diseases

and the most common type of cancer in children,
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accounting for about 30% of all childhood cancer cases

diagnosed under 15 years. The vast majority of childhood

leukaemias are, by far, acute. The most common type is

acute lymphocytic (or lymphoblastic or lymphoı̈d) leu-

kaemia (ALL) which accounts for 75–80% of all leukae-

mia, while acute myeloı̈d (myelocytic, myelogenous or

non-lymphoblastic) leukaemia (AML) also termed acute

non-lymphoblastic leukaemia (ANLL) represents about

20% of the cases. By contrast, the chronic forms of these

leukaemia, chronic myeloı̈d leukaemia (CML) and chronic

lymphocytic leukaemia (CLL), are rarely seen in childhood

[1, 2].

The aetiology of those malignancies remains largely

unknown. It is hypothesized that the varying forms of

leukaemia have different aetiologies. Epidemiological

studies of acute leukaemia in children have examined

possible risk factors including genetic, infectious and

environmental factors (e.g., ionizing radiation, non-ioniz-

ing radiation, electromagnetic fields, cigarette smoking,

alcohol consumption, hydrocarbons, pesticides). Only

ionizing radiation has been significantly linked with either

ALL or AML. Most other factors have been weakly or

inconsistently associated with either forms of childhood

leukaemia [2, 3]. Among environmental chemicals, pesti-

cides have been particularly scrutinized.

There are several possible sources of exposure to

pesticides in childhood. The first possible source is indi-

rect contamination from parental (occupational) exposure

to pesticides. The second possible source is from a direct

exposure of the children to pesticides. Parental exposures

to occupational hazards may contribute to the risk of

leukaemia in offspring through damage to germ cells of

either parent prior to pregnancy; intrauterine exposure

through transplacental transmission during gestation; or

finally exposure of the child through breast feeding, take-

home exposure through contaminated person(s) or work-

clothes and/or equipment [4, 5]. Children can also be

directly and ubiquitously exposed to pesticides from

indoor use (in homes, schools, other buildings), from

outdoor use (garden, playing areas/public lands, agricul-

tural application drift, overspray or off-gassing), through

food and contaminated drinking water, by handling trea-

ted or contaminated pets or others (e.g. through the use of

insecticidal shampoos for lice infestation) [6]. The present

work focuses on the potential association between child-

hood leukaemia and pesticide exposure via parental

occupational exposure to pesticides. A companion study

will address childhood leukaemia and domestic exposure

to pesticides.

Narrative reviews with regard to childhood cancer and

pesticide exposure have been recently conducted. The

evidence of a possible association between childhood leu-

kaemia and parental pesticide exposure was suggestive but

not conclusive [7–9]. These authors considered that

investing in the acquisition and critical review of exposure

information was the crucial step for establishing a causal

association. To this end, our review focuses on several

exposure issues distinguishing: (1) general employment in

agriculture/farm versus use of pesticides specifically con-

sidered; (2) the exposed parent (paternal, maternal, both);

(3) the critical exposure windows including preconception,

intrauterine and postnatal exposures; (4) the types of leu-

kaemia (ALL, ANLL); (5) the biocide categories (insecti-

cides, herbicides and fungicides).

The present systematic review and meta-analysis was

undertaken with the aim to enhance our understanding of

the potential involvement of parental occupational pesti-

cide exposure in the childhood disease aetiology.

Materials and methods

Study identification and selection

Study identification

A search on MEDLINE (National Library of Medicine,

Bethesda, MD) was conducted for the period 1966 to 31 July

2009. An electronic search using ‘‘(pesticides OR herbicides

OR fungicides OR insecticides) AND ((children OR child-

hood) AND cancer) AND (occupation OR occupational)’’

was initially undertaken. This was supplemented with vari-

ous combinations of the following key words: pesticide(s),

child, children, childhood, infant, newborn, preschool child,

adolescent, leukaemia, myeloid, myeloblastic, myeloge-

nous, lymphoid, lymphoblastic, lymphocytic, chronic, acute,

granulocytic, occupation, occupational, farmers, agriculture,

horticulture, pesticide applicators, manufacturing workers

with no restriction of publication type or publication date.

Recent articles in occupational medicine and epidemiology

journals were also scanned for relevant publications. Finally,

the reference lists of the relevant publications identified were

checked for additional studies. The search was limited to

studies published in English in the open literature in peer-

reviewed journals. The analysis was restricted to published

studies as they are likely to be more reliable than unpublished

reports. All titles or abstracts were screened to determine the

suitability of the publication.

Study selection

A study was considered eligible for further review if (1)

it referred to children exposed to pesticides from

parental occupational exposure (farmers, pesticide

applicators, workers engaged in the manufacture of

pesticides and others such as horticulturists, greenhouse

788 Cancer Causes Control (2010) 21:787–809

123



workers, gardeners), (2) if the outcome included (sub-

types of) leukaemia (myeloid, lymphoid) and (3) if the

study used a cohort or a case–control design. Excluded

studies were those published in a non-English language,

those that did not report original results (reviews, meta-

analyses, case–reports, comments, letters, editorials,

abstracts), experimental studies and proportional mor-

tality ratios (PMR) studies (mainly because of ambi-

guities in interpreting results) as well as ecological

studies. Studies on veterans who served in Vietnam or

Cambodia, studies on treatment outcome, with therapy-

related leukaemia, studies focusing on genetic data as

well as studies that clearly examined a specific cancer

type other than leukaemia or that combined leukaemia

data with other specific cancer types were not included.

Studies not dealing with occupational exposure or

dealing with combined occupational and domestic

exposure with no separate reporting of occupational

data were also excluded. Studies dealing only with

other occupational groups than those sus-mentioned

were not included. Among the eligible studies, were

excluded those providing no leukaemia cases or insuf-

ficient data to determine an estimator of relative risk

(RR) for childhood leukaemia and its confidence inter-

val, those including subjects already included in another

more complete or more recent study examining a

greater number of subjects or with longer follow-up

duration, and those studies with adults or combining

adults and children with no separate reporting of chil-

dren’s data.

The systematic review and identification of eligible

studies was performed by one reviewer (VMFG).

Data extraction

A structured abstract was derived from each study identi-

fied. Two authors (VMFG and LAC) read the reports and

independently extracted and tabulated the most relevant

RR estimators with their 95% CIs. The results of this

exercise were compared between the authors, and con-

sensus was obtained before the meta-analysis.

Cohort studies: if more than one follow-up analysis had

been published for the same population, the most recently

published report was used. When multiple estimates of RR

were given, we retained the overall data for the total

cohort. We did not include data resulting from further

stratification, e.g. by children age groups.

Case–control studies: no overall meta-analysis was

performed for case–control studies because several studies

reported multiple odds ratios (ORs), and the available data

did not allow us to calculate a combined OR. The data

were, however, included in stratified meta-analyses. Strat-

ifications were performed for:

1. the definition of occupational exposure:

• general employment in agriculture/farms used as

surrogate for pesticide exposure

• exposure to pesticides stipulated

2. the exposed parent:

• paternal exposure

• maternal exposure

• both or either (unspecified)

3. the critical exposure windows:

• before pregnancy (or before conception)

• during pregnancy

• after pregnancy

• before ? during pregnancy ? at birth (or up to

birth)

• any time or unspecified or ever

4. the types of leukaemia:

• ALL

• ANLL

5. the categories of biocides:

• insecticides

• herbicides

• fungicides.

Data analysis

Evaluation of homogeneity

Homogeneity among data was evaluated. The significance

of the between-study variance was evaluated with the

ln(RR) or Q statistic test which has a v2 distribution with

degrees of freedom equal to the number of studies pooled

minus 1. The applied formula is v2 = Rwi[ln(RR)i-

ln(RR)p]2, for i = 1 to N, where N is the number of studies

combined, RRp is the overall pooled RR estimate, RRi is

the RR for the ith study, and wi = 1/Vi where Vi is the

variance of the ln(RR)i. A low p value for this statistic

indicates the presence of heterogeneity, which questions

the validity of the pooled estimates [10, 11]. Meta-analyses

often include small numbers of studies, and the power of

the test in such circumstances is low [12]. An alternative

approach that quantifies the effect of heterogeneity, pro-

viding a measure of the degree of inconsistency in the

studies’ results, has been developed [13]. The quantity

called I2 describes the percentage of total variation across

studies, which is due to heterogeneity rather than chance. I2

can be calculated as I2(%) = 100(Q-df)/Q, where Q is

Cochran’s heterogeneity statistic and df the degrees of

freedom. Negative values of I2 are put equal to zero so that
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I2 lies between 0% and 100%. A value of 0% indicates no

observed heterogeneity, and larger values show increasing

heterogeneity. Confidence limits of I2 reflecting uncertainty

in the extent of heterogeneity were calculated as proposed

by Higgins and Thompson [14].

Statistical pooling

When there was little variation between studies

(I2 B 25%), we calculated RRs and CIs according to a

fixed model which assumes that results across studies differ

only by sampling error. The study variance (Vi) was cal-

culated, using the CI given, according to the equation

Vi = [(ln(CIupper) - ln(CIlower))/3.92]2. As detailed by

Stewart and collaborators [15] and Dennis [16], the maxi-

mum likelihood estimate of the pooled RR in the fixed

effect model is the exp(ln(RR)p). The pooled ln(RR)p

equals R[ln(RR)i/Vi]/[R(1/Vi)], where Vi is the variance for

an individual study as described above and ln(RR)i is the

log RR estimate for study i. This is a variance-weighted

least square mean. The variance of the pooled ln(RR)p,

Var(ln(RR)p) or Vp is given by: [SE(ln(RR)p)]2 = [R(1/

Vi)]
-1, where SE is the standard error. The pooled variance

is used to calculate a 95% CI around the pooled RR

estimate.

When data are heterogeneous (I2 [ 25%) or if there is

reason to believe that publication bias exists, the random

effects model is more appropriate. Under this model, the

point estimate of the pooled effect measure and its CI

incorporate the additional variability due to between-study

variance (s2). Random effects models were applied, using

the method described by Der Simonian and Laird [17].

These authors proposed a non-iterative estimator of s2

defined as est(s2) = max{0, [Q - (k - 1)]/[Rwi-(R(wi
2))/

Rwi]}, where Q is the heterogeneity statistic, k is the total

number of studies, and wi are the inverse variance weights

for ln(RR). Potential sources of heterogeneity were eval-

uated by subset analysis.

The two meta-analyses including all studies for maternal

or for paternal occupational exposure to pesticides were

illustrated by forest plots where the confidence interval for

each study is represented by a horizontal line and the point

estimate by a square. The size of the square corresponds to

the weight of the study in the meta-analysis. The confi-

dence interval for the total is symbolized by a diamond.

Publication bias

Potential publication bias due to study size was explored by

plotting the natural logarithm of the estimate of RR (ln RR)

versus the inverse of standard error (1/SE). Funnel plot

asymmetry was tested using the linear regression method

suggested by Egger and collaborators [18].

Sensitivity analyses

To determine whether some of the decisions we made had a

major impact on the results of the review, sensitivity

analyses were conducted by:

• removing the study of Ali et al. [44] reporting a

particularly high result and the most imprecise value

(weight of 0.5%),

• re-estimating summary relative risks excluding the data

of the studies considering upper age limits higher than

15 years [41, 43–46, 51, 56] to avoid under-rated

associations since the incidence of childhood leukaemia

varies with age,

• rerunning the meta-analyses after replacing the data of

the first trimester of pregnancy by the data of the

second and of the third trimesters. In the study of

Monge et al. [5], exposure during pregnancy was

assessed for the first, the second and the third trimes-

ters. Data of the first trimester were included in the

meta rate-ratios of the studies with regard to paternal

pesticide exposure during pregnancy and to maternal

pesticide exposure during pregnancy.

• re-estimating the summary relative risks including data

from different sources of controls (cancer controls or

cancer-free controls and area controls or local controls).

Pearce et al. [56] matched cases to controls from two

independent sources: cancer controls and cancer-free

controls. Data for cancer-free controls were included in

the meta-rate ratios of the subgroups ‘‘paternal expo-

sure to pesticides, all studies’’ and ‘‘paternal pesticide

exposure, before ? during pregnancy ? at birth’’. In

the study of Gardner et al. [46], cases were compared to

controls unmatched (area controls) and matched (local

controls) for civil parish of residence. Data for local

controls were included in the meta-analyses of the

subgroups ‘‘paternal exposure, farming/agriculture, all

studies’’ and ‘‘paternal exposure, farming/agriculture,

before ? during pregnancy ? at birth’’.

• performing the meta-analyses using both fixed and

random effect methods to assess the robustness of the

results.

Results

Literature selection and study characteristics

The study selection is summarized in Fig. 1. A large

number of articles were retrieved from MEDLINE and

hand searching in the reference lists of the relevant publi-

cations of which 257 were potentially relevant. Retrieved

articles or references were considered potentially relevant
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if they focused on the population of concern (children),

and/or on the outcome of concern (leukaemia) and/or on

the exposure of concern (parental occupational exposure to

pesticides). In the next step, selection or rejection of arti-

cles was only based on the title or on the abstract of the

articles. The reasons of exclusion for the majority of these

studies (N = 211) are reported in Fig. 1. We retained 46

studies for further evaluation. Among these studies, 21

were excluded after reading of the full paper as they did not

fulfil the inclusion criteria with regard to the outcome [19–

24], or to the exposure [25–35] or to both [36] or to the

population [37]. One cohort [38] and one case–control

study [39] were also excluded because the data were

redundant/updated/overlapped.

The remaining 25 studies were included in present

analyses. Three cohort studies [40–42] and twenty-two

case–control studies [4, 5, 43–61] were identified as ful-

filling the inclusion criteria. The reference of Heacock

et al. [41] was included in the case–control studies as well

as in the cohort studies, because these authors reported data

for a cohort analysis and for a nested case–control analysis

in the same publication.

Table 1 provides selected characteristics of the case–

control and cohort studies used in the analysis. The studies

were published between 1985 and 2008. Thirteen case–

control studies and 1 cohort study were from Europe, 4

case–control and 2 cohort studies from USA/Canada and 5

case–control studies were from other parts of the world.

The upper age limits were 5 (n = 1) [58], 10 (n = 1) [48],

11 (n = 1) [50], 15 (n = 11) [4, 5, 47, 49, 52–55, 59–61],

16 (n = 1) [57], 18 (n = 1) [45], 20 (n = 3) [40, 41], 25

(n = 2) [46, 56], 30 (n = 1) [44] and unspecified in 3

studies [43, 51, 52]. Ten of the included case–control

studies had data on maternal exposure, 18 of the case–

control and 2 of the cohort studies provided data on

paternal exposure, and 6 case–control and 1 cohort studies

had data on parental exposure. The period of exposure

varied greatly among the studies and is detailed in Table 1.

Studies were included into 5 defined windows of exposure:

before pregnancy (n = 7), during pregnancy (n = 9), after

pregnancy (n = 6), before pregnancy up to birth (n = 5)

and anytime/unspecified/ever exposure (n = 11). Case–

control studies differed for occupational exposure defini-

tion, either restricted to general employment in agriculture/

farms (n = 13) or use of pesticides by the parents clearly

stipulated (n = 16). For the great majority of studies,

information on parental occupational exposure to pesti-

cides was self-reported (parents or closest relative attend-

ing the children). The sources of exposure were parental

occupation on birth records in 3 case–control studies [46,

56, 58], on employee records in 1 study [41], on maternal

welfare centres records in 1 study [47] and on licensed

pesticide applicators registers in 2 cohort studies [40, 42].

Cumulative measures of exposure were reported by

Buckley and collaborators [45] as well as by Heacock and

coworkers [41].

The case numbers, estimators of the relative risk and

confidence intervals for children to develop leukaemia after

parental occupational pesticide exposures are also pre-

sented in Table 1 taking into account the exposure char-

acteristics, the difference of definition of leukaemia cases

and the category of biocide concerned. All included studies

were based on leukaemia incidence. There was no mor-

tality study fulfilling the inclusion criteria. Studies differed

according to the definition of leukaemia cases: most studies

did not specify the type of leukaemia or presented data for

all types of leukaemia. Seven studies reported data

restricted to ALL [4, 43, 48, 51, 52, 60, 61], three restricted

to ANLL [45, 56, 60], 1 restricted to CML [56] and 3

restricted to acute leukaemias [55, 57, 59]. In most studies,

exposure to pesticides was reported without specification of

the biocide category. Only few studies specified pesticide

Potentially relevant articles found from MEDLINE database and hand searching 
of reference lists N= 257

Eligible studies N= 46

Excluded studies based on titles and abstracts N=211
• Non-English articles N= 16
• Other than case-control/cohort design 

(reviews/meta-analyses, case-reports/letters, PMR 
studies, ecological studies, experimental studies) 
N= 112

• Studies on exposure/risk assessment/methodology 
N= 30

• Studies with teenagers + adults occupationally 
exposed N= 14

• No leukaemia/pesticides data N= 31
• Studies on genetic data N= 8

Excluded studies based on the texts of the articles N= 21

Outcome
• No leukaemia data or leukaemia data combined 

with other specific cancer type (e.g.lymphoma)  
N= 2

• No leukaemia case or insufficient data to 
determine an estimator of RR and its 95% CI  N= 4

Exposure 
• No occupational group of interest/no pesticide 

exposure  N= 2
• No occupational exposure or combined 

occupational and domestic exposure  N= 9
Outcome and exposure

• No leukaemia data for parental occupational 
exposure to pesticides  N= 1

Population 
• Studies with adults or combined adults and 

children data  N= 1
Redundant / overlap / updated data  N= 2

Included studies N= 25

Case-control studies N= 22 Cohort studies N= 3

Fig. 1 Study selection. Note: N = number of studies
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subgroups: 3 studies reported data for insecticide exposure

[4, 5, 48], 2 studies for herbicide exposure [5, 48] and 4

studies for fungicide exposure [5, 41, 44, 48]. Estimators of

RR varied between 0.2 and 16.03 and included from 2 up to

68 cases.

Data synthesis

Cohort meta-analysis

The meta-rate ratio calculated for the three included

cohorts was 0.77 (95% CI: 0.52–1.14) according to the

fixed effect model and 0.76 (95% CI: 0.46–1.24) according

to the random effect model. No evidence of heterogeneity

was detected among the relative risk estimators applying

the v2 statistic test, but the meta-analysis contains 37.03%

of inconsistency in the studies’ results (I2) with an uncer-

tainty interval of 0–80.06%. The meta-rate ratios calculated

according to both models (fixed and random) were very

close to each other and revealed a non-statistically signif-

icant reduced risk of leukaemia among children of parents

occupationally exposed to pesticides.

Case–control meta-analyses

Table 2 summarizes the results of the different meta-

analyses of case–control studies. Meta-rate ratios were

calculated after classification of the studies based on the

definition of parental occupational exposure (use of pesti-

cides stipulated versus general employment in agriculture/

farm), based on the parent exposed (paternal, maternal,

paternal and/or maternal) and based on critical exposure

windows (before, during, after pregnancy, before ? dur-

ing ? at birth, any time/unspecified/ever) as well as based

on specific types of leukaemia (ALL, ANLL) and on bio-

cide category (insecticides, herbicides, fungicides).

While the meta-rate ratios calculated from studies stip-

ulating occupational exposure to pesticides showed statis-

tically significant (95% CI not including 1) increased risks

of childhood leukaemia for several groupings, none were

statistically significant from studies considering general

occupation in farms/agriculture.

(i) Occupational exposure to pesticides

Paternal exposure

Paternal exposure: all studies. In the group ‘‘occupa-

tional exposure to pesticides’’, the meta-rate ratio for all

paternal exposure studies was 1.14 (95% CI: 0.76–1.69). A

forest plot of the 10 studies is reported in Fig. 2. The visual

inspection of this figure shows that the RR estimator of the

study of Ali and collaborators [44] is clearly higher than

that of the other studies. This study reported a very

imprecise value (weight = 0.5%). None of the studies had

a particularly high weight when compared to the others.

Five studies contributed each less than 10% of the total

weight and 5 contributed between 11 and 20% of the total

weight. The strong heterogeneity and degree of inconsis-

tency existing among the 10 relative risk estimates (p value

of 0.999 9 10-7 and I2 of 82%) argued against an overall

meta-analysis of the data. Further analyses were therefore

carried out to identify the sources of heterogeneity, pooling

studies according to different stratification variables (win-

dows of exposure, leukaemia type and biocide category).

Paternal exposure: windows of exposure. Stratification of

the studies (paternal exposure to pesticides) by windows of

exposure strongly reduced heterogeneity and inconsistency

among the studies’ results for all windows except ‘‘before

pregnancy ? during pregnancy ? at birth’’. Statistically

significant increased meta-rate ratios were observed for the

windows of exposure ‘‘before pregnancy’’ (mRR: 1.41;

95% CI: 1.15–1.74), ‘‘during pregnancy’’ (mRR: 1.36; 95%

CI: 1.08–1.72) and ‘‘any time/unspecified/ever’’ (mRR:

1.49; 95% CI: 1.18–1.89).

Paternal exposure: leukaemia type. Stratification by type

of leukaemia slightly reduced heterogeneity and inconsis-

tency for ALL (p value of 0.108 and I2 of 55%) but not for

ANLL (p value of 0.006 and I2 of 87%). No statistically

significant increased or decreased risk was observed for

ALL (mRR: 1.09; 95% CI: 0.75–1.60) or for ANLL (mRR:

0.73; 95% CI: 0.19–2.76).

Paternal exposure: biocide category. The grouping of

studies according to the biocide category showed a statis-

tically significant increased risk for each category: insec-

ticides, herbicides and fungicides with no evidence of

heterogeneity among the results of individual studies

except for the fungicides (I2 = 57.5%). The highest risk

was observed for this last category.

Maternal exposure

Maternal exposure: all studies. Combining the 10 studies

dealing with maternal occupational exposure to pesticides

yielded a statistically significant increased risk of child-

hood leukaemia (mRR: 1.62; 95% CI: 1.22–2.16). A forest

plot for these studies is reported in Fig. 3, showing the

weight applied to each study in the meta-analysis. The

study of Rudant et al. [59] and that of Meinert et al. [54]

contributed to 30.1% and 20.1% of the total weight,

respectively. No evidence of heterogeneity was detected

among the different relative risk estimators by applying the

v2 statistic test (p value of 0.422), and the meta-analysis did
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Table 2 Meta-analyses after stratification of the case–control studies data

Stratification No. Studies Meta- Homogeneity

Rate ratio 95% CI v2 Woolf p-Value I2 95% UI

Occupational exposure

A. Pesticides

Paternal

(A.1) Pesticides all studies 10b 1.14 0.76–1.69 50.175 0.999 9 10-7 82 68–90

Windows of exposure

(A.2) before pregnancy 5 1.41 1.15–1.74 4.913 0.296 19 0–83

(A.3) during pregnancy 4a 1.36 1.08–1.72 2.285 0.515 0 0–80

(A.4) after pregnancy 3 1.25 0.95–1.65 0.168 0.919 0 0–0

(A.5) before ? during pregnancy ? at birth 3b 0.83 0.33–2.07 16.582 0.251 9 10-3 88 0–99

(A.6) any time/unspecified/ever 6 1.49 1.18–1.89 5.529 0.355 10 0–77

Leukaemia type

(A.7) ALL 3 1.09 0.75–1.60 4.447 0.108 55 0–87

(A.8) ANLL 2 0.73 0.19–2.76 7.472 0.0062 87 47–97

Biocide category

(A.9) insecticides 2 1.39 1.02–1.90 0.002 0.964 0 ND

(A.10) herbicides 2 1.51 1.06–2.16 0.706 0.401 0 ND

(A.11) fungicides 4 2.65 1.05–6.67 7.063 0.07 58 0–86

Maternal

(A.12) Pesticides all studies 10 1.62 1.22–2.16 9.166 0.422 2 0–63

Windows of exposure

(A.13) before pregnancy 3 2.24 1.34–3.72 0.087 0.958 0 0–0

(A.14) during pregnancy 8a 2.00 1.11–3.62 13.042 0.071 46 0–76

(A.15) after pregnancy 3 2.25 1.21–4.20 0.136 0.934 0 0–0

(A.16) any time/ever 4 2.45 1.58–3.81 0.145 0.986 0 0–0

Leukaemia type

(A.17) ALL 4 1.34 0.70–2.59 4.087 0.252 27 0–72

(A.18) ANLL 2 2.68 1.06–6.78 0.030 0.862 0 ND

Biocide category

(A.19) insecticides 2 2.11 0.97–4.62 0.907 0.341 0 ND

Paternal and/or maternal

(A.20) Pesticides 5 2.00 1.37–2.90 1.990 0.738 0 0–58

B. Farming/agriculture

Paternal

(B.1) all studies 12c,d 1.10 0.84–1.45 19.548 0.0519 44 0–71

Windows of exposure

(B.2) during pregnancy 4 0.81 0.50–1.32 8.923 0.030 66 2–89

(B.3) after pregnancy 3 1.49 0.76–2.94 5.936 0.0514 66 0–90

(B.4) before ? during pregnancy ? at birth 3c 1.05 0.73–1.51 3.397 0.183 12 0–87

(B.5) any time/at diagnosis 4d 1.57 0.86–2.87 2.250 0.522 0 0–80

Leukaemia type

(B.6) ALL 3 1.14 0.67–1.94 4.532 0.104 56 0–87

Maternal

(B.7) all studies 7d,e 1.00 0.53–1.90 15.678 0.0156 62 13–83

Windows of exposure

(B.8) during pregnancy 4 0.77 0.22–2.65 14.021 0.288 9 10-2 79 42–92

(B.9) after pregnancy 2 0.81 0.26–2.51 2.356 0.125 58 0–90
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Table 2 continued

Stratification No. Studies Meta- Homogeneity

Rate ratio 95% CI v2 Woolf p-Value I2 95% UI

Leukaemia type

(B.10) ALL 4e 1.40 0.82–2.41 3.550 0.314 16 0–87

Paternal and/or maternal

(B.11) farming/agriculture 2 1.37 0.97–1.93 0.819 0.366 0 ND

No Studies number of studies, 95% CI 95% confidence interval; meta-rate ratios are in italics when the 95% CI do not include 1, 95% UI 95%

uncertainty interval, ND not defined (could not be calculated)

Notes a: in the study of Monge et al. [5], exposure during pregnancy was assessed for the first, the second and the third trimesters. Data for the

first trimester were included in the meta-rate ratio; b: Pearce et al. [56] matched cases to controls from 2 independent sources: cancer controls and

cancer-free controls. Data for cancer-free controls were included in the meta-rate ratio; c: the analysis of Gardner et al. [46] was carried out

within the sets of cases and area or local controls. Data for local controls were included in the meta-rate ratio; d: in the study of Meinert et al.

[53], data for occupations with potential exposure to pesticides included farmers, gardeners, florists and the total. Data for the total were included

in the meta-rate ratio; e: Van Steensel-Moll et al. [61] reported relative risks of leukaemia based on mother’s occupation during pregnancy and

one year before diagnosis. Data for occupation during pregnancy were included in the meta-rate ratio

Studies included in the meta-analyses

(A.1) Ali et al. [44], Buckley et al. [45], Heacock et al. [41], Infante-Rivard and Sinnett. [48], McKinney et al. [52], Meinert et al. [53], Meinert

et al. [54], Monge et al. [5], Pearce et al. [56], Van Steensel-Moll et al. [61]

(A.2) Ali et al. [44], Infante-Rivard and Sinnett. [48], Meinert et al. [53], Meinert et al. [54], Monge et al. [5]

(A.3) Meinert et al. [53], Meinert et al. [54], Monge et al. [5], Van Steensel-Moll et al. [61]

(A.4) Meinert et al. [53], Meinert et al. [54], Monge et al. [5]

(A.5) Ali et al. [44], McKinney et al. [52], Pearce et al. [56]

(A.6) Ali et al. [44], Buckley et al. [45], Heacock et al. [41], Meinert et al. [53], Meinert et al. [54], Monge et al. [5]

(A.7) Infante-Rivard and Sinnett [48], McKinney et al. [52], Van Steensel-Moll et al. [61]

(A.8) Buckley et al. [45], Pearce et al. [56]

(A.9) Infante-Rivard and Sinnett [48], Monge et al. [5]

(A.10) Infante-Rivard and Sinnett [48], Monge et al. [5]

(A.11) Ali et al. [44], Heacock et al. [41], Infante-Rivard and Sinnett [48], Monge et al. [5]

(A.12) Buckley et al. [45], Infante-Rivard et al. [4], McKinney et al. [52], Meinert et al. [53], Meinert et al. [54], Menegaux et al. [55], Monge

et al. [5], Rudant et al. [59], Shu et al. [60], Van Steensel-Moll et al. [61]

(A.13) Meinert et al. [53], Meinert et al. [54], Monge et al. [5]

(A.14) Infante-Rivard et al. [4], Meinert et al. [53], Meinert et al. [54], Menegaux et al. [55], Monge et al. [5], Rudant et al. [59], Shu et al. [60],

Van Steensel-Moll et al. [61]

(A.15) Meinert et al. [53], Meinert et al. [54], Monge et al. [5]

(A.16) Buckley et al. [45], Meinert et al. [53], Meinert et al. [54], Monge et al. [5]

(A.17) Infante-Rivard et al. [4], McKinney et al. [52], Shu et al. [60], Van Steensel-Moll et al. [61]

(A.18) Buckley et al. [45], Shu et al. [60]

(A.19) Infante-Rivard et al. [4], Monge et al. [5]

(A.20) Abadi-Korek et al. [43], Buckley et al. [45], Laval and Tuyns [49], Meinert et al. [53], Menegaux et al. [55]

(B.1) Gardner et al. [46], Hemminki et al. [47], Lowengart et al. [50], Magnani et al. [51], McKinney et al. [52], Meinert et al. [53], Meinert et al.

[54], Perez-Saldivar et al. [57], Roman et al. [58], Rudant et al. [59], Shu et al. [60], Van Steensel-Moll et al. [61]

(B.2) Hemminki et al. [47], Rudant et al. [59], Shu et al. [60], Van Steensel-Moll et al. [61]

(B.3) Magnani et al. [51], Meinert et al. [54], Van Steensel-Moll et al. [61]

(B.4) Gardner et al. [46], Magnani et al. [51], McKinney et al. [52]

(B.5) Lowengart et al. [50], Magnani et al. [51], Meinert et al. [53], Roman et al. [58]

(B.6) Magnani et al. [51], McKinney et al. [52], Van Steensel-Moll et al. [61]

(B.7) Infante-Rivard et al. [4], McKinney et al. [52], Meinert et al. [53], Meinert et al. [54], Rudant et al. [59], Shu et al. [60], Van Steensel-Moll

et al. [61]

(B.8) Infante-Rivard et al. [4], Rudant et al. [59], Shu et al. [60], Van Steensel-Moll et al. [61]

(B.9) Meinert et al. [53], Meinert et al. [54]

(B.10) Infante-Rivard et al. [4], McKinney et al. [52], Shu et al. [60], Van Steensel-Moll et al. [61]

(B.11) Meinert et al. [53], Meinert et al. [54]
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only contain very weak inconsistency (I2 = 2%), although

the uncertainty interval of the I2 value was wide (95% UI:

0–63).

Maternal exposure: windows of exposure. After stratify-

ing the data (maternal exposure to pesticides) into windows

of exposure, statistically significant increased meta-rate

ratios (mRR between 2.00 and 2.45) were observed for each

group. Consistency in the studies’ results was observed for

each grouping as evidenced by p values for heterogeneity of

0.934 to 0.986 and I2 of 0% except for the window ‘‘during

pregnancy’’ (p value of 0.071 and I2 of 46%).

Maternal exposure: leukaemia type. Stratification by type

of leukaemia showed increased meta-rate ratios for each

group (ALL: mRR = 1.34 and ANLL: mRR = 2.68) but

with a statistical significance only for ANLL (95% CI:

1.06–6.78). A slight inconsistency (I2 of 27%) was

observed among the ALL studies.

Maternal exposure: biocide category. The stratification of

studies according to the biocide category could only be per-

formed for insecticides as only one study was available for the

other categories (herbicides, fungicides). A non-significantly

increased risk was observed after combining both studies with

a maternal occupational exposure to insecticides.

Paternal and/or maternal exposure

Combining the 5 studies reporting paternal and/or maternal

occupational exposure to pesticides yielded a meta-rate

ratio of 2.00 (95% CI: 1.37–2.90) and did not show

inconsistency in the study results (I2 of 0%; 95% UI: 0–58).

(ii) General employment in agriculture/farm

When general employment in agriculture/farm was used as

a surrogate for parental occupational exposure to

pesticides, the meta-rate ratios for all paternal (n = 12) and

all maternal (n = 7) studies were 1.10 and 1.00, respec-

tively (95% CI: 0.84–1.45 and 0.53–1.90, respectively).

Heterogeneity and inconsistency in the studies’ results

were observed in both groups (p values of 0.052 and of

0.016 for paternal and maternal studies, respectively and I2

of 44% and 62%, respectively).

Stratifications by windows of exposure reduced hetero-

geneity and inconsistency only for paternal exposure,

‘‘before pregnancy ? during pregnancy ? at birth’’ and

‘‘any time/at diagnosis’’ but not for maternal exposure.

Stratification by type of leukaemia reduced heteroge-

neity and inconsistency only for ALL childhood leukaemia

for maternal exposure.

Combining both studies reporting paternal and/or

maternal employment in agriculture/farm yielded a meta-

rate ratio of 1.37 (95% CI: 0.97–1.93) and did not show

inconsistency in the studies results (I2 of 0%).

Sensitivity analyses

Omitting the particularly high result of the study of Ali

et al. [44] with imprecise value (OR: 16.03; 95% CI: 1.77–

145.49; weight = 0.5%) did not substantially modify the

result of the MA ‘‘pesticides all studies’’ (mRR: 1.06; 95%

CI: 0.72–1.55 instead of mRR: 1.14; 95% CI: 0.76–1.69).

Exclusion of studies with upper age limits higher than

15 years yielded similar results (data not shown). Replac-

ing the data of Monge et al. [5] for the first trimester by the

data for the second and for the third trimesters did not

substantially modify the results of the meta-analyses (data

not shown). Similar results were obtained by rerunning the

meta-analyses after replacing the data of Pearce et al. [56]

from cancer-free controls by those from cancer-controls as

well as after replacing the data of Gardner et al. [46] from

local controls by those from area controls (data not shown).

Results of all meta-analyses performed using both fixed

and random effects models were similar (data not shown).

Fig. 2 Forest plot of case–control studies on childhood leukaemia

following paternal occupational exposure to pesticides. Note Estima-

tors of RR and 95% confidence intervals (CIs) of case–control studies

included in the meta-analysis ‘‘all studies’’ are presented. Each

estimator was assigned a weight (wi) equal to the inverse square of its

standard error (SE): wi = 1/(SE)2
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Funnel plots and asymmetry

Funnel plots of ln(RR) versus 1/SE for the meta-analysis

including all studies for maternal (Fig. 4) as well as for

paternal (data not shown) occupational exposure to pesti-

cides were constructed. The visual inspection of these

figures did not clearly detect asymmetry arising from a lack

of small studies with low RR estimators. The statistic

analysis by the linear regression method of Egger et al. [18]

did not yield evidence of asymmetry (intercept 1.748; 95%

CI: -1.798 to 5.294) (p [ 0.2) for maternal occupational

exposure to pesticides. Some evidence of asymmetry was

suggested for paternal exposure (intercept 6.762; 95% CI:

-0.4592 to 13.98) (p * 0.05).

Discussion

This systematic review and meta-analysis examined the

relevant literature (case–control and cohort studies) on the

possible association between occupational parental expo-

sure to pesticides and childhood leukaemia. Several issues

have been addressed to improve the analysis of the data

available: definition of pesticide exposure, exposed parent,

critical windows of exposure, type of leukaemia and bio-

cide category.

During the redaction of this paper, another independent

meta-analysis on the same subject has been published [62]

using a slightly different approach. This is of great interest

as it allows to highlight some methodological aspects of the

respective meta-analysis procedures as well as to compare

the conclusions drawn by both groups.

General employment in farm/agriculture versus use of

pesticides stipulated

No statistically significant association between childhood

leukaemia and parental occupational exposure was

observed when farming/agricultural work was used as a

surrogate for pesticide exposure, whereas statistically sig-

nificant increased risks were observed when grouping

studies specifically considering the use of pesticides by the

parents. These data support the hypothesis that parental

occupational exposure to pesticides may be a risk factor for

childhood leukaemia. These data also reinforce the mes-

sage that farming job title has to be considered as a poor

indicator of pesticide exposure (as a substantial proportion

of farm jobs may not involve such exposure) and that this is

likely to result in overestimation into the probability of

exposure (important associations may be under-rated or

remain undetected) [63]. For this reason, the following

discussion will focus on the data of studies specifically

considering pesticide exposure.

Maternal or paternal occupational exposure

to pesticides

When combining the 10 studies dealing with maternal

occupational exposure to pesticides, a statistically signifi-

cant increased risk of childhood leukaemia was observed.

The risk was not statistically increased when combining all

studies on paternal exposure. These findings indicate that

maternal occupational exposure may be of greater concern

than paternal occupational exposure and are in agreement

with the conclusions of other reviews [62, 64]. In our

systematic review, the same number of studies addressing

parental occupational exposure to pesticides has focused on

paternal (n = 10) and on maternal exposure (n = 10).

Several of the isolated studies reporting on maternal

exposure were too small to show statistically significant

increases in leukaemia risk. However, when the results of

all these studies were combined, a statistically significant

increased risk emerged. The consistency of the results for

maternal exposure in our MA was supported by a weak

degree of heterogeneity among the individual relative risk

estimators. The results for paternal exposure ‘‘all studies’’

have to be taken with caution as the strong heterogeneity

among the 10 relative risk estimators argued against an

overall meta-analysis of the data.

It has to be stressed that interpretation of meta-analyses

is constrained by the limitations in the original studies

mainly related to exposure assessment and potential source

of bias. Bias in studies of self-reported parental occupa-

tional exposure and childhood cancer may lead to an

overestimation of risk estimates. Such bias may be intro-

duced into a retrospective study because exposure is

measured indirectly, is self-reported and may be differen-

tially recalled by parents of a healthy, versus a sick, child

[65]. Recall bias can be exacerbated by participation bias

which is introduced when those who respond to a study

differ from those who do not [66]. This point is to be taken

into consideration in the interpretation of the positive

associations observed in our meta-analyses.

Publication bias

The association observed in the meta-analysis including all

studies for maternal occupational exposure to pesticides

does not appear to have been significantly influenced by

publication bias, as there was no evidence for a substantial

deficit in small negative studies. However, it should be

reminded that some data were omitted from the present

analysis as a result of the study selection procedure: for

example, published studies giving too scarce data to derive

an estimator of RR and its confidence interval, studies with

combined adults and children data with no separate

reporting of children’s data, studies with leukaemia data
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combined with other cancer types (such as lymphomas),

studies ever conducted but not published for several rea-

sons or published in other languages than English. The

recent systematic review published by Wigle et al. [62]

allows assessing the impact of some of these issues as these

authors included unpublished studies as well as studies

written in languages other than English in their MA. Two

unpublished studies [67, 68] but no other language studies

with regard to maternal pesticide occupational exposure

and childhood leukaemia were retrieved. Rerunning our

meta-analysis conducted on the corresponding exposure

group including these unpublished studies did not sub-

stantially modify the results (mRR 1.64; 95% CI: 1.26–

2.15 instead of mRR 1.62; 95% CI: 1.22–2.16).

The association observed in the meta-analysis including

all studies for paternal occupational exposure to pesticides

appears to have been significantly influenced by publica-

tion bias, indicating a potential lack of small studies with

effect sizes smaller than those for larger studies. Wigle

et al. [62] retrieved two unpublished studies [67, 69] with

regard to paternal occupational exposure to pesticides.

Rerunning our MA after including these unpublished

studies did not substantially modify the results (mRR 1.17;

95% CI: 0.81–1.69 instead of mRR 1.14; 95% CI: 0.76–

1.69). However, funnel plot asymmetry may also be due to

other factors including study quality, methodological dif-

ferences or the study population. As the study of Ali et al.

[44] showed a particularly high estimator of relative risk

(see forest plot of the studies for paternal occupational

pesticide exposure), we reran the corresponding MA

excluding this study. This did not substantially modify the

results (mRR 1.06; 95% CI: 0.72–1.55 instead of mRR

1.14; 95% CI: 0.76–1.69), but evidence of funnel plot

asymmetry was not observed anymore (intercept 0.692;

95% CI: -4.324 to 5.707; p [ 0.2 instead of intercept

6.762; 95% CI: -0.4592 to 13.98; p * 0.05).

Critical windows of exposure

In assessing children’s susceptibility to environmental

toxicants, the influence of the exposure period on potential

outcomes needs to be evaluated. There appears to be strong

-0,6

-0,4

-0,2

0

0,2

0,4

0,6

0,8

1

1,2

0 0,5 1 1,5 2 2,5 3 3,5 4

1/SE

L
n

(e
st

im
at

o
r 

o
f 

R
R

)

Fig. 4 Case–control studies of

maternal occupational exposure

to pesticides and childhood

leukaemia: funnel plot of

natural logarithms of relative

risk (RR) estimates versus the

inverse of their standard errors

(1/SE) (lnRR of the 10 case–

control studies

combined = 0.484)

Fig. 3 Forest plot of case–control studies on childhood leukaemia

following maternal occupational exposure to pesticides. Note. Esti-

mators of RR and 95% confidence intervals (CIs) of case–control

studies included in the meta-analysis ‘‘all studies’’ are presented. Each

estimator was assigned a weight (wi) equal to the inverse square of its

standard error (SE): wi = 1/(SE)2
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evidence from animal and epidemiologic studies for causal

relationships between exposure preconceptionally, in utero,

and during childhood, and cancer occurrence in children

and adults [70]. However, the evidence is incomplete, and

the comprehensive evaluation of the relative importance of

specific time windows is limited by the lack of empirical

evidence. The mechanism by which childhood leukaemia

arises remains largely unknown but a number of recent

studies support the hypothesis that it is likely to follow a

multi-stage model involving gene–environment interac-

tions. It is suggested that initiation of childhood leukaemia

arises prenatally (prenatal primary event) and that exposure

early in life (postnatal second event) plays an important

role in its further development [71–74]. Exposure before

conception and/or during pregnancy could be potentially

linked to the prenatal events, whereas those risk factors

associated with breastfeeding, mothers and children expo-

sure after birth could be linked to the postnatal events. If

there are discrete windows of vulnerability in the devel-

opment of leukaemia, it remains critical to identify which

time periods would be of the greatest importance.

Many differences in the way of reporting time windows

were noted among the studies. In the present review,

studies were stratified according to exposure windows

(before, during, after pregnancy, before pregnancy up to

birth and any time/unspecified/ever) of the father and of the

mother. We found a significantly elevated risk of childhood

leukaemia in association with paternal and maternal

occupational exposure to pesticides prior to and during

pregnancy as well as with maternal exposure after preg-

nancy. An increased risk was also observed for the studies

reporting results for all time windows combined or

unspecified. The highest statistically significant meta-RR

estimators were observed for the different windows of

maternal exposure to pesticides indicating that the stron-

gest evidence of an increased risk of childhood leukaemia

comes from maternal occupational exposure to pesticides.

No evidence of a most crucial exposure period for later

development of childhood leukaemia could be drawn from

these results. It has to be stressed that the statistically

significant elevated meta-rate ratios for the specified

exposure time windows were higher than the meta-rate

ratios of all studies combined for paternal as well as for

maternal exposure. This suggests that reporting results for

all time windows combined may under-rate or mask a

potential association linked to specific exposure time

windows.

Types of leukaemia

Most studies provided data for all leukaemia types and not

for a specific type of leukaemia. As it could be hypothe-

sized that the varying forms of leukaemia probably have

different aetiologies, studies that made this distinction were

used for stratification. Only a small number of studies

reported data for a specified type of leukaemia, and find-

ings should be interpreted cautiously. A statistically sig-

nificant increased risk of ANLL was observed following

maternal exposure to pesticide but not following paternal

exposure to pesticides. Neither paternal nor maternal

exposure was significantly associated with ALL. These

results are in agreement with those of Wigle and collabo-

rators [62] except for ALL and maternal pesticide expo-

sure. The inclusion of data issued from one unpublished

study [67] and of one Japanese language study [75]

reporting high relative risk estimators [3.20 (0.26–170.4)

and 4.0 (1.1–14), respectively] in this other meta-analysis

can partially explain this discrepancy.

Biocide categories

Too few original studies have taken into account the biocide

category (insecticides, herbicides, fungicides) to allow

highlighting the potential existence of a relationship between

parental occupational exposure to one or several categories

of biocides and childhood leukaemia. Statistically significant

increased risks were observed following paternal exposure to

each category with an apparently higher increase for expo-

sure to fungicides and an increase of borderline significance

was observed after maternal occupational exposure to

insecticides. Insufficient data were available to combine

results from studies with regard to maternal occupational

exposure to herbicides or fungicides.

Cohort studies

The meta-rate ratio for the three included cohort studies

revealed a non-statistically significant decreased risk of

leukaemia among children of parents occupationally

exposed to pesticides. It can be assumed that these data

mainly concern paternal exposure as 1 study reports data

for parental exposure but for only 0.4% of the children was

the mother the licensed pesticide applicator. These results

seem to be in partial discrepancy with the case–control

studies data, as the meta-rate ratio for paternal pesticide

exposure ‘‘all studies’’ showed a non-significant increased

risk. However, in both cases, results were not statistically

significant. In addition, the small numbers of cases and

limited statistical power or potential misclassification of

exposure may have limited the ability of cohort studies to

detect small increased risks.

Comparison with the other systematic review

If we compare the approaches followed in both MA [62,

and the present MA], several differences appear. Two of
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them will be discussed here. The first main difference

concerns the literature search. Wigle et al. [62] conducted a

comprehensive literature search by applying their search

strategy to several databases with no language restriction

and included unpublished studies. We searched in one

database (Medline) for published studies in English as

these are likely to be more reliable than unpublished

reports. The same published studies were retrieved in both

works, but included studies were slightly different due to

differences in the inclusion and exclusion criteria. Wigle

and collaborators included three unpublished studies and

one study in Japanese. We performed a sensitivity analysis

by rerunning our MA for the stratifications of concern.

Inclusion of these studies did not substantially change the

magnitude of the associations.

The second difference between the two independent MA

is the quality assessment of the included studies. Wigle

et al. [62] applied a modified Downs and Black [76] tool

including external and internal validity factors (bias,

exposure measurement, confounding) and focusing on the

quality of exposure assessment and the ability to identify

exposure windows. As there is no consensus with regard to

available scales or checklists for measuring the quality of

observational studies, we decided not to use a quality

assessment checklist and preferred to use a simpler

approach also focusing mainly on exposure and bias. In

addition, the aetiology of childhood leukaemia remains

largely unknown and, as a consequence, confounding fac-

tors are also largely unknown, and it is not possible to

adjust for those factors. Assessment of the overall quality is

made difficult if reporting of the observational study is

inadequate. Even if, when conducting a systematic review,

we cannot directly act on these limitations, we can still

critically review the exposure information and refine the

conclusions that can be drawn as much as possible. To

improve the analysis of available exposure data, we deci-

ded to separate studies stipulating pesticide exposure and

studies using occupation such as farming/agriculture as

surrogate for exposure to limit non-differential misclassi-

fication of exposure. The quality scores attributed by Wigle

et al. [62] for exposure measurement of all studies selected

in our MA as reporting only data for farming/agriculture

were lower than or equal to 2 on a subtotal of 8. Although

the approaches followed by the authors of the two MA to

exploit as much as possible the exposure data reported in

the original studies were mostly similar (e.g. separate the

data as a function of the parent of concern, of the exposure

windows), the differences in the subgroups definitions

make it impossible to systematically compare the results.

However, the main conclusions of the two MA were the

same, which strongly reinforce the validity of the

conclusions.

Conclusions

In conclusion, our findings following the classification of

the published epidemiological studies based on the type of

exposure (general employment in agriculture/farm versus

use of pesticides specifically considered) support the

assumption that farm-related activities may be an inade-

quate surrogate for potential pesticide exposure that is

likely to result in overestimation of the probability of

exposure. There was no statistically significant association

between childhood leukaemia and parental occupation as

farmers among all subgroups of studies, taking into account

the exposed parent, the critical windows of exposure and

the types of leukaemia.

Among case–control studies in which use of pesticides

was specifically considered, this systematic review and MA

revealed positive associations between maternal occupa-

tional exposure and childhood leukaemia in the analyses of

all studies combined and in all exposure windows consid-

ered. An increased risk was also detected in relation to

maternal exposure and childhood ANLL, but this was

based only on two studies.

Associations with paternal exposure to pesticides were

weaker and less consistent: combining all available studies

showed no statistically significant increased risk. Signifi-

cantly increased risks were seen for before pregnancy,

during pregnancy and unspecified exposure windows as

well as for all biocide categories: insecticides, herbicides

and fungicides, although also based on few studies.

No statistically significant increased risk has been

observed among cohort studies. This apparent discrepancy

with the results from the case–control studies may be

partially explained by the specific drawbacks of each study

design like recall bias in the case–control studies that may

lead to an overestimation of risk estimates and like small

numbers of cases, limited statistical power or potential

misclassification of exposure that may have limited the

ability of cohort studies to detect small risks. This once

again emphasizes the need for more sophisticated exposure

assessment methods in epidemiologic studies of childhood

cancer. As suggested by Infante-Rivard and Weichenthal

[9], exposure measures could be improved by including

separate parental interviews, specific pesticide exposure

questions and semi-quantitative exposure measures that

can be used to confirm information obtained through

questionnaires.

In spite of the above-mentioned limitations and even

though statistical association is to be distinguished from

causal relationship, these data provide enough evidence to

recommend reducing parental, and more particularly

maternal, occupational exposure to pesticides. Potentially

exposed workers should be further encouraged to use
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protective clothing and masks and to be particularly

attentive to avoid ‘‘take-home’’ exposure.
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