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ABSTRACT

We performed a systematic and extensive literature review of epidemiological studies examining the
association between pesticide exposure and any health outcome published after 2006. We searched
43,259 citations and identified 603 published articles examining a very wide variety of outcomes and
presenting over 6,000 analyses between pesticide exposure and health outcomes. We divided the
different outcomes into 23 major disease categories. The largest proportion of studies pertains to
cancer outcomes (N=164) and outcomes related to child health (N=84). The majority of studies were
case-control studies and cross-sectional studies (N=222) and examined occupational exposure to
pesticides (N=329). A wide and diverse range of pesticides was studied with studies using various
definitions of pesticides; it is very hard to harmonise between studies this information. Despite the
large volume of available data and the large number (>6,000) of analyses available, firm conclusions
cannot be made for the majority of the outcomes studied. This observation is disappointing especially
when one accounts for the large volume of research in the area. However, this observation is in line
with previous studies on environmental epidemiology and in particular on pesticides which all
acknowledge that such epidemiological studies suffer from many limitations and that the heterogeneity
of data is such that does not allow firm conclusions to de made. We also performed updated meta-
analysis for major outcomes and for those where a relevant meta-analysis published after 2006 was
identified. This has only been possible for childhood leukaemia and for Parkinson’s disease. For both
these outcomes we found significant associations between pesticide exposure and disease in line with
previous evidence.
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BACKGROUND AND TERMS OF REFERENCE

Over the last years an abundance of epidemiological studies investigating possible associations of
pesticide exposure with adverse health effects on humans have become available. In these studies
exposure to pesticides e.g. via inhalation, ingestion, dermal contact or across the placenta has been
established as being, or suggested to be, causative for instance for cancer in various organs and tissues,
disturbed neurodevelopment of children, allergies, decreased fertility (male and female), birth defects
and Parkinson’s disease.

However, for many adverse health effects that are attributed to pesticide exposure contradictive or
ambiguous studies also exist. Studies vary generally greatly in design (e.g. case control versus cohort
studies), sample size and in many cases exposures are rather estimated or assumed than actually
determined.

A comprehensive up-to-date literature collection and review covering relevant publications from 1%

January 2006 to 31* March 2012 should be carried out in which also the quality of these studies is
evaluated.

The objectives of the contract resulting from the present procurement procedure are as follows:

Objective 1: To collect and compile scientific publications in which possible links between pesticide
exposure and adverse human health effects have been investigated.

Objective 2: To review and evaluate each collected study in regard to its qualitative aspects (e.g. the
corner points of the investigations).

Objective 3: Provision of a database and a report of epidemiological studies.

This contract was awarded by EFSA to: The Department of Hygiene and Epidemiology, University of
loannina Medical School, loannina, Grecce.

Contractor: The Department of Hygiene and Epidemiology, University of loannina Medical School,
loannina, Grecce.

Contract title: Literature review on epidemiological studies linking exposure to pesticides and health
effects.

Contract number: CFT/EFSA/PRAS/2012/04 — CT 01.
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INTRODUCTION AND OBJECTIVES

This project aims to systematically collect, review and appraise epidemiological studies carried out to
investigate possible links of pesticide exposure to health-related outcomes in order to improve
understanding of already established or suggested associations with adverse effects in humans. The
review focuses on all exposure types either through occupation or in general population with a
particular focus on investigating sources of heterogeneity. In particular, we have collected scientific
publications in which possible links between pesticide exposure and adverse human health effects
have been investigated. The available evidence is under review and evaluation with regard to its
qualitative aspects. Finally, a database of studies, which examine adverse health effect of pesticides,
was compiled.

The final report is structured around health outcome categories and is linked to a data extraction
database. In the methods we provide a detailed documentation of the search criteria and search
strategy used for the literature review and the study selection process. This section also describes the
analytical framework with the detailed documentation on the selected exposure and indicators of
exposure and the surrogate and clinical outcomes examined. We present the results of the literature
search with the full list of eligible studies and the contents of the data extraction database. We also
present the results of the outcomes and pesticides examined and conclusions based on the literature
review findings.

BACKGROUND AND AIMS

Pesticides have been widely used against pests that can damage crops such as insects, fungi, rodents,
noxious, weeds, in order to prevent or reduce losses and improve product quality, for many years.
Their use is very popular; in 2006 and 2007, the world used approximately 5.2 billion pounds of
pesticides. However, despite their extensive use, and the associated benefits from pesticide use, there
have been concerns on adverse effects in human health as these chemicals are designed to have
adverse biological effects on target organisms. Indeed, there is evidence between pesticide use and
adverse health outcomes such as cancers, neurodegenerative disease and birth defects; however,
results so far have been inconsistent and firm conclusions cannot be drawn for several pesticides.

The aim of this review is to systematically collect, review and appraise epidemiological studies carried
out to investigate possible links of pesticide exposure to health-related outcomes. This review includes
all exposure types either through occupation or in the general population with a particular focus on
investigating sources of heterogeneity. In particular, we have collected and compiled scientific
publications in which possible links between pesticide exposure and adverse human health effects
have been investigated. The available evidence has been reviewed and evaluated with regard to its
qualitative aspects and data from each eligible study has been extracted. Finally, a database of studies,
which examine adverse health effects of pesticides, has been compiled with the aim to facilitate the
continuous update of results.

The aforementioned aims constitute a stimulating task due to the methodological challenges of
environmental epidemiology and pesticide exposure in particular and the vast volume of the peer-
reviewed literature.
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MATERIALS AND METHODS

1. Search strategy

A comprehensive literature search was conducted of peer-reviewed original research pertaining to
pesticide exposure and any health outcome. The search strategy was designed so as to identify
observational epidemiologic studies published between 1% of January 2006 to 30" of September 2012
and examining the relationship between pesticide exposures during critical exposure time windows
(preconception, pregnancy, childhood, adulthood) and any health-related outcome as discussed
previously. The search strategy was developed to search primarily the MEDLINE (1950-to date), and
EMBASE (Excerpta Medica Database; 1980 to-date) databases as well as TOXNET (Toxicology Data
Network; U.S. National Library of Medicine 2012), OpenSigle (2012), and ProQuest Digital
Dissertations and Theses (2012) as supplemental searches.

2. Search algorithm for original studies in MEDLINE and EMBASE

This systematic review aimed to identify studies examining any clinical outcome or valid biomarker
acting as surrogate for a clinical outcome that has been associated with exposure to pesticides. In order
to achieve maximum sensitivity, we did not include any outcome-related search terms in the search
algorithm that we developed. For the formation of the search algorithm, we concentrated on pesticides
related terms, identified through the MEDLINEMESH terms and EMBASE classification trees on
pesticides. In MEDLINE, the MESH terms of pesticides and pesticides (pharmacological action) were
examined. Similarly, we examined the pesticide term in the EMBASE Emtree index. We have looked
for pesticide categories (i.e. insecticides, herbicides, fungicide etc.) and for specific pesticide names as
described in the literature or as pharmacological terms (e.g. DDT or Dichlorodiphenyltrichloroethane)
in order to be comprehensive. We have also examined the search terms used in published systematic
reviews on pesticide exposure during the past 10 years and looked for any additional terms.

Our first constructed algorithm was long including all aforementioned terms. We piloted different
searches and shortened the search to improve the sensitivity of the algorithm with modest impact on
the precision. All searches were limited to Humans and to publication date after 1* of January 2006.

The long list of pesticide names provided from the MESH database for pesticides pharmacological
names only provided 2,270 citations on top of the pesticides related words search (pesticid* OR
pesticides"[MeSH Terms] OR “pesticides"[All Fields] OR “pesticide"[All Fields] OR
"pesticides"[Pharmacological Action]) in MEDLINE. Examination of 200 from those 2,270 citations
showed that these did not include epidemiological studies and referred to chemical studies on the
substances and chemical formation of pesticides. We therefore adopted the search algorithm including
the generic terms. The algorithm was constructed in EMBASE as the database provides a function to
study MEDLINE and EMBASE simultaneously (see textbox below). The following algorithm was
developed:
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Table 1: Search algorithm for EMBASE and MEDLINE

pesticid* OR ‘'pesticide'/exp OR ‘chemical pest control'/exp OR fungicid* OR
‘fungicide'/exp OR herbicid* OR "herbicide'/exp OR insecticid* OR 'insecticide'/exp OR
molluscacid* OR'molluscacide’/exp OR molluscicid* OR 'molluscicide’/exp OR
rodenticid* OR ‘rodenticide'/exp OR carbamat* OR ‘carbamate’/exp OR pyrethroid*
OR 'pyrethroid‘/exp OR ‘chlorinated hydrocarbon'/exp OR *agricultural chemical'/exp
AND [humans]/lim AND [2006-2013]/py

The algorithm resulted in 43,259 citations in EMBASE and MEDLINE combined. Of those, 14,539
were unique to EMBASE. The algorithm includes all pesticides related terms and subcategories used
either as emtree entries with the explode option and also as text words. The explode option ensures
that when a term has any more specific, or narrower, index terms within the Emtree thesaurus, they are
also automatically retrieved as part of the search. Terms such as organochlorine, glyphosate, paraquat
and maneb were excluded as they are part of the pesticide tree of the explode option and are searched.
Inclusion of these terms would lead to the same set of results. Figure 1 below shows examples of the
indexing trees in EMBASE for some of our search terms.

Figure 1:  Examples of Emtree classification trees

3. Supplemental searches

The database of TOXNET, which lists databases on toxicology, hazardous chemicals, environmental
health, and toxic releases, was also searched to identify any information missed from previous search
in MEDLINE and EMBASE. We used only the Databases, which look for references in the
biomedical literature (i.e. the Toxicology Literature Online (TOXLINE) and the Developmental
Toxicology Literature (DART)). The remaining TOXNET databases provided summaries of
Chemical, Toxicological, and Environmental Data per chemical substance and were not relevant to
this search. For TOXLINE and DART, we used the generic terms “Pesticide OR Pesticides” as longer
search algorithms with the inclusion of pesticides subcategories had only minor impact on the number
of references identified. The searches were limited to publication dates after 2006, excluding
references identified through MEDLINE. The function to identify chemical synonyms to the search
term was enabled. Overall, 893 references were retrieved from TOXLINE and 34 from DART.
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OR 'molluscicide'/exp OR rodenticid* OR 'rodenticide’/exp OR carbamat* OR 'carbamate'/exp OR pyrethroid*
OR 'pyrethroid‘/exp OR 'chlorinated hydrocarbon'/exp OR "agricultural chemical'/exp AND [humans]/lim AND
[2006-2013]/py
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We also looked into the System for Information on Grey Literature in Europe (OpenSigle), which
includes 700.000 bibliographical references of grey literature (paper) produced in Europe. There were
no bibliographical references on pesticides (search term pesticid*) published after 2006.

We have also constructed a search algorithm to search the ProQuest Digital Dissertations and Theses
database. We excluded from our search articles published in scholarly journals as those will have been
identified through MEDLINE and EMBASE. We used the search term “pesticide* AND health” and
limited our search to specific subjects (environmental science OR public health OR environmental
health OR epidemiology OR pesticides OR nutrition OR occupational health) and to publication dates
between 2006 and 2012. This search strategy resulted in 1,713 results. Results were numerous when
no subject limits were used (12,135) or when the term “health” was excluded from the initial
algorithm (18,195).

Finally, the reference lists of all identified eligible studies and systematic reviews are scanned during
data extraction for additional references.

4. Search for literature systematic reviews and meta-analysis

We also performed targeted searches for systematic reviews and meta-analysis in relation to specific
outcomes. We restricted the search for reviews on those outcomes where more than 4 studies had been
identified and we performed targeted searches in MEDLINE using the name of the outcome along
with the keywords “systematic review OR meta-analysis” limited to the title or the abstract of the
paper.

5. Structure of this report

This report is structured around health outcome categories and provides the results for each outcome
group separately. A section on general conclusions is presented at the end. At the end of each section
on outcomes and tables and figures are presented to allow ease of reading. Also, the ID numbers of
each eligible article are referenced throughout the text. These correspond to the ID for each health
outcome group in the data extraction database which has been provided as a separate file to this
report. The 1D is defined with an abbreviation for the specific health outcome and a study number.
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Table 2:

Database

Summary of recourses searched, search terms and references identified

Search terms

pesticid* OR 'pesticide'/exp OR ‘chemical

pest control'/exp OR fungicid* OR
‘fungicide’/exp  OR  herbicid*  OR
‘herbicide’/exp  OR  insecticid*  OR
‘insecticide’/exp  OR  molluscacid* OR'
molluscacide'/exp OR molluscicid* OR
‘molluscicide’/exp OR rodenticid* OR
‘rodenticide'/exp OR  carbamat* OR
‘carbamate'/exp  OR  pyrethroid* OR
'pyrethroid‘/exp OR ‘chlorinated
hydrocarbon'/exp OR ‘agricultural

Limits

Humans, Publication date: 2006-

N
referen
ces

MEDLINE chemical'/exp 2012 28,729
pesticid* OR 'pesticide'/exp OR ‘chemical
pest control'/exp OR fungicid* OR
‘fungicide'/exp  OR herbicid*  OR
‘herbicide’/exp  OR insecticid*  OR
'insecticide’/exp  OR  molluscacid* OR'
molluscacide'/exp OR molluscicid* OR
‘molluscicide’/exp OR  rodenticid* OR
‘rodenticide'/exp OR  carbamat* OR
‘carbamate'/exp OR pyrethroid* OR
'pyrethroid'/exp OR ‘chlorinated Humans, Publication date: 2006-
hydrocarbon'/exp OR ‘agricultural 2012, no references identified
EMBASE chemical'/exp through MEDLINE 14,530
Publication date: 2006-2012, no
references identified through
TOXLINE Pesticide OR Pesticides MEDLINE 893
Publication date: 2006-2012, no
references identified through
DART Pesticide OR Pesticides MEDLINE 34
OpenSigle  Pesticide* Publication date: 2006-2012 0
Publication date: 2006-2012,
Subjects (environmental science,
public health, environmental
health, epidemiology, pesticides,
nutrition, occupational health),
no articles published in scholarly
ProQuest  Pesticide* AND health journals 1,713
Total:
45,899
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6. Selection of studies

All titles identified through the literature search of various databases were screened to identify studies,
which evaluated the association between pesticides and health outcomes including any surrogate
outcome. All abstracts of the selected titles are then screened in duplicate to identify epidemiological
studies linking pesticide exposure to any health outcome including surrogate outcome. Both primary
studies and systematic reviews or meta-analyses are selected. Articles that potentially meet eligibility
criteria at the abstract screening stage have been retrieved and the full text articles have been reviewed
in duplicate for eligibility. The reason for rejection of all full text articles has been recorded.

6.1. Eligibility criteria for full text articles

We included observational studies assessing the association between pesticide exposure and health-
related outcomes. We included cohort, cross-sectional and case- control studies. We included studies
performed in humans published from 1% of January 2006 to 30" of September 2012. Animal studies
and studies performed in human cells have been excluded. We had no language, population or
geographical restrictions. To enhance totality of the evidence, all types of pesticides have been
considered. Exposure to pesticides was defined as reported use of pesticides by the study participant or
by government registry data (self administrated questionnaires, interviewer administrated
questionnaires, job exposure matrix (JEM)), by residential status (proximity to pesticide exposure), by
detecting biomarkers associated with pesticide exposure or by any other means as defined by each
study. Eligible health-related outcomes were “major” clinical outcomes, such as neoplasias or
Parkinson’s disease, clinical surrogate outcomes such as neurocognitive scales, or laboratory surrogate
outcomes with an established association with clinical outcomes, such as liver enzymes.

Narrative reviews, case-series and case-reports (studies without control populations) are excluded. We
also excluded studies assessing the health-related effect of pesticide poisoning or accidental high-dose
pesticide exposure. We have excluded studies with no availability of sufficient quantitative
information reported in the article (e.g. effect estimates) so that effect sizes or measures of
associations can be calculated. Whenever reports pertained to the same study at different follow-up
periods and examining the same outcome, we retained the one with the longer follow-up to avoid data
duplication. We also excluded studies that referred to fertilizers (exploded from the algorithm term
“agricultural chemical”) as well as studies referred to the adverse effects of substances used as therapy
for various medical conditions such as warfarin for anticoagulation or agents used in the treatment of
scabies. Solvents and other non-active ingredients in pesticides/herbicides were not considered
eligible. We excluded studies that investigate the various effects of Agent Orange on chemical warfare
veterans as they represent cases of very high dose exposures. Finally, studies which examined the
association between exposure and biomarkers of exposure were also not considered eligible as they do
not examine health outcomes. Finally, following consultation with EFSA, we excluded
studies/analyses investigating exposure to pesticides: arsenic, «, B, hexachlorocyclohexane (HCH),
lead, dioxins and dioxin-like compounds including polychlorinated biphenyls (PCBs) as these
chemicals were not considered relevant for the current project.

Regarding systematic reviews and meta-analyses, we considered all systematic reviews and meta-
analyses that systematically assessed the effect of pesticide exposure to health-related outcomes,
regardless of the pesticide, exposure window and outcome assessed. We included all publications
where a systematic approach was endorsed (systematic literature search, assessment of methodological
characteristics of the included studies and, if a meta-analysis was performed, the use of standard
analytical tools including the use of a weighted summary estimate and a formal appraisal of
heterogeneity). Narrative reviews are excluded.
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6.2. Quality control measures

The pilot literature searches have all been performed in duplicate. In addition, the first 500 results of
all title searches were performed in duplicate and results were compared between investigators, which
displayed high levels of agreement. The kappa statistic for agreement was 0.78. Two independent
research group members performed in duplicate the abstract screening, the full text screening and the
data extraction. All discrepancies are resolved by consensus or by a third arbitrator.

6.3. Data extraction database

We have constructed and tested the data extraction database with data extraction items and quality
assessment items that were implemented through the whole process. The data extraction database has
been structured in 7 domains: Reference, Time period, Study characteristics, Exposure assessment,
Outcomes, Statistical analysis and Quality assessment (separate database file). The first 6 domains
pertain to information directly extracted from the full-texts of eligible studies and would be primarily
used to select studies for quantitative synthesis and aid quantitative synthesis. Studies contribute one
row in the database for each outcome examined and for each exposure examined. When studies
present various definitions of exposure we select for data extraction the most comprehensive definition
of exposure and subsequently the one with the largest sample size. However when studies include any
type of quantitative information for different biomarkers used for the identification of the same
chemical substance e.g. p,p’-DDT and p,p’-DDE for dichlorodiphenyltrichloroethane (DDT), they are
all reported in separate rows. When studies present data in subgroups (e.g. males and females) we
extract only their main analysis (whole group) unless the data is only presented in subgroups in which
case multiple rows are presented. Analyses regarding different pesticide classes and different health
outcomes are extracted individually. Appendix Il explains all the items used in the data extraction
database.

The data extraction form was validated through a robust and systematic procedure. Specifically,
various versions of the form were validated after blinded loops of extracting information for studies
randomly selected from the database. We opted for the maximum agreement while preserving the
comprehensiveness of the database. Two investigators extract each item independently and
discrepancies are resolved with discussion.

6.4. Quality appraisal

The last part of the data extraction database, concerns the methodological appraisal of each eligible
paper. The areas that we have focused are the study design, the study population, the level of details in
exposure definition and the methods of exposure measurement and the specificity of the measurement.
These are crucial questions to be asked in exposure assessment epidemiology. We have also focused
on the efforts undertaken to account for confounders through matching or multivariable models,
blinded exposure assessment and well-defined and valid outcome assessment. We have also looked at
whether the source of funding was acknowledged. The elements of the methodological appraisal were
considered from the RTI item bank. The RTI item bank is a practical and validated item bank for
evaluating the risk of bias and precision of observational studies of interventions or exposures
included in systematic evidence reviews. The questions were adapted to reflect exposure assessment.
Across the quality appraisal questions we consistently coloured the responses to qualitative assessment
in green, orange and red with green representing low risk of bias and red high risk of bias. Table 3
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below explains which answers were considered low and high risk respectively. However, the quality
appraisal questions should be interpreted with caution, as they are only suggestive of the risk of bias
associated with each study. There may be studies which score high in this quality assessment and still
have a high risk of bias and vice versa. A final column was constructed to grade the overall quality of
the studies in low, intermediate and high. This classification was based on the answers to the
methodological assessment questions as explained in Table 3.

Table 3: Methodological assessment of eligible studies
Study design [prospectiee, retrospectiee, mined, oo ucimmlb Hwtm. rvwec, A Pmt.pet_lm
ed Mo e
Vel
Lervel of detad in deacribing expenure (high, medim, low] Low High
Rabust measurement af papature, |kt [pmd, vnel aes ecologicsl
e, job B, queitioneaire {partial]; was baed o Lirge ana
serioghoel rpasanss (no) o Yo
‘Were measures of exposure specifc ? pen; based on brosder, chemically
related groups (petisl]; based on brosd grouping of diverse chesiscal and
logical properties (no) Ho Yes
Fﬁlr";lil-i-blhl'bct ke allocation between the growgs (84 through
atralification, rr_\lll:hn':l Nn L) \':r_l
M|us-.rhlrl= Hermed Tar potendial canfeaunders | {yes, same, nM Na l'ln
h:!umblmd!dlwnﬁvmﬂlluﬂhl mhm'l ﬂudnn'l Ha Vi
Chtcomes. asinsied Lairg valid and rebable measures, implemented
consisbenily scross 3l study pasticipants? Mo Yo
Sample size ow ___ Te
Aough quality avewsment =6 arvvwers high rish #h anrvwers bow risk

6.5. Quantitative synthesis

Quantitative synthesis of the results was only attempted when there were more than 4 studies per
examined outcome and when there was no substantial heterogeneity among the published evidence.
The presence and extent of heterogeneity was assessed by the I° (ranging from 0% to 100%) (loannidis
2007). We have summarized the RR/OR estimates using fixed and random-effects models (Lau 1997).
Fixed-effects models assume that there is a common underlying effect and the variability observed is
attributed to chance alone; random effects models acknowledge that true between-study heterogeneity
exists and take into account the presence of heterogeneity into their calculations. In the absence of
heterogeneity, fixed-and random-effects models yield the same results. Publication bias was assessed
using funnel plots and visual inspection of the results.

For each outcome with more than 5 eligible studies quantitative synthesis was attempted. We did not
include data from the same cohort study; either presented in the same or in different publications in the
same meta-analysis when the groups compared were not mutually exclusive. For each outcome with
more than 4 studies, we also looked for previously published meta-analyses to compare results and to
interpret our findings in the context of previous studies. Meta-analyses were found through a)
systematic reviews and meta-analyses identified through our literature review and b) targeted searches
in PUBMED to identify published meta-analyses for each outcome of interest. We attempted to update
any previously published meta-analyses with our results when the meta-analysis a) included studies
published by 2006 and b) when outcome and exposure definitions were comparable with the
definitions used in this report. Finally, we also plotted funnel plots to visually inspect asymmetry
when more than 10 studies were include in the meta-analysis.
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RESULTS

7. Overall results

This section focuses on the literature review results including flowcharts with number of studies
screened and deemed eligible as well as number of excluded studies and corresponding reasons. It also
provides an overview of the studies identified and their main characteristics.

7.1. Selection process for individual studies

Of the 43,259 retrieved citations, 40,477 were excluded at the title screening level. Of the 2,782
remaining titles, a further 1,654 were excluded after the abstract screening. We thus deemed eligible,
1,128 citations to be scrutinized at the full-text level of which 1,101 were original research articles and
27 were systematic reviews or meta-analyses. Of the 1,101 original articles, 184 were excluded
(Figure 2). For few (101) publications were the full text (or abstract for conference presentations) has
not been found online, we sought the full text through letters to authors and investigations from our
library. This has not been possible for 58 studies for which we extracted information from the abstract
only.

Main reasons for exclusion at the full-text level pertained to: no quantitative information/ data (these
were mainly abstract presentations or comments/ editorials which did not present any quantitative
information for the association between pesticides and health outcomes, n=108); duplicate records
(n=28), no implied use of pesticides (n=18), studies on poisoning or accidental very high doses
(n=11), reviews with no primary data (n=11), no data on health outcomes (n=8). Supplemental
searches did not succeed to provide additional references as they resulted in a large number of policy
documents, grant applications documents and studies already retrieved. Supplemental searches
through reference lists of identified studies and especially the reference lists of identified systematic
reviews will continue during data extraction and any new identified studies will be added to the
current list of eligible studies. During full text screening and data abstraction a further 301 studies
were excluded. The main reason for exclusion was no eligible pesticide, such as Polychlorinated
Biphenyls (PCBs) (Figure 2). Overall, 602 individual publications were eligible for inclusion in the
present review. These 602 publications correspond to 6,479 different analyses, which are also present
in the data extraction database.

Any enquiries related to this output should be addressed to pesticides.ppr@efsa.europa.eu

Suggested citation: Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E, Tzoulaki I, 2013. Literature review on
epidemiological studies linking exposure to pesticides and health effects. EFSA supporting publication 2013:EN-497, 159 pp.
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Figure 2: Flowchart of eligible studies
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7.2. Evidence map tables and outcomes examined

We observed a great variety of assessed outcomes covering a wide range of pathophysiologies. “Hard”
clinical outcomes as well as many surrogate outcomes are present in the database reflecting the
different methodologies endorsed to approach the assessed clinical research questions. We divided the
different outcomes into 23 major disease categories (Table 4 and Figure 3). The largest proportion of
studies pertains to cancer outcomes (N=164) and outcomes related to child health (N=84). Table 4
corresponds to the Evidence map Table and shows the outcome mapping of the project describing all
outcomes that have been associated with pesticide exposure between 2006 and 2012 and their
frequency.

N Cancer outcomes

® Child health

B Reproductive disaases

B neurological diseases
Bgndocrine diseases

B Respiratory diseases

B Meuropsychiatric diseases

B Diabetas (type | and 11)

B Cardiovascular diseases

B portality

¥ mmune/Autoimmune diseases
W allergic diseases

B Gastrodntestinal diseases

B symptoms and general health

W Gynecological diseases

W skin diseases
Hgone diseaces

E Hematological diseases

Figure 3: Major outcome categories and corresponding percentage of studies examining those
outcomes among the eligible publications
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Table 4: Evidence map table including all major outcome categories examined by eligible
studies.

Major outcome N studies
Cancer outcomes 164
Child health 84
Reproductive diseases 64
Neurological diseases 61
Endocrine diseases 35
Mental and psychomotor development 32
Respiratory diseases 25
Neuropsychiatric diseases 15
Diabetes (type | and II) 22
Cardiovascular diseases 31
Hematological diseases 15
Mortality 11
Immune/Autoimmune diseases 10
Allergic diseases 8
Gastrointestinal diseases 7
Symptoms and general health 5
Gynecological diseases 4
Skin diseases 4
Bone diseases 3
Kidney diseases 3
Benign tumors 1
Dental diseases 1
Men health 1
Metabolic diseases 1

7.3. Characteristics of eligible studies

The eligible studies were published from 2006 to 2012. The observed distribution of the publication
year of the eligible studies indicates an approximately equal distribution of studies throughout the past
5 years (Figure 4). Of note, we expected a considerable presence of the results of the various reports of
the Agricultural Health Study (AHS), the largest to-date observational study performed in the field.
Indeed, the AHS publications (n=42) represent a recognizable proportion of the included studies (7%).
Another 22 studies come form the cross-sectional National Health and Nutrition Examination Survey
(NHANES) cohorts.

The majority of studies were case-control studies (N=222) and cross-sectional studies (Figure 5) and
examined occupational exposure to pesticides (N=329). Almost half of the studies (N=285) were
based in America (Figure 6). The most frequent method of pesticide assessment was measurement of
biomarker or use of self reported questionnaire (Figure 7). Approximately half (N=261) studies were
classified as ‘high’ in the methodological assessment.
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A wide and diverse range of pesticides was studied with studies using various definitions of pesticides;
it is very hard to harmonise between studies this information. We also anticipated a considerable
proportion of the published literature to be focusing on pesticides no longer approved for use in the
European Union and in most of the developed countries. We acknowledge that this research lies on the
rational of pesticide long-term residuals, as well as of the continuing use of these pesticides in
developing countries. For example, studies focusing solely on DDT and its metabolites constitute
almost 10% of the eligible studies.

= 3006
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Figure 4: Percentage of eligible papers per publication year between 2006 and 2012
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Figure 5: Epidemiological study designs of eligible publications
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Figure 6: Location (continent) where eligible epidemiological studies were conducted
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Figure 7: Method of exposure assessment in eligible epidemiological studies
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7.4. Systematic literature review of systematic reviews and meta-analysis

Throughout our search strategy we also identified systematic reviews and meta-analyses. Overall, 21
different eligible reviews were identified published after 2006. The outcomes examined are shown in
Table 5 below. Most reviews examined cancer related outcomes and some claimed positive
associations between pesticides and examined outcome. The reviews are discussed in relevant
outcome categories along with the individual studies.

Table 5: List of systematic reviews and meta-analyses identified in the literature review

Author, Journal, Publication

Outcome N studies Authors claim association year
Sutedja NA et al, 2009
Kamel F et al, 2012

Amyotrophic lateral sclerosis 3 No Malek et al, 2012
Cancers 11
Breast cancer 1 No Khanjani N et al, 2007
Infante-Rivard C et al, 2007
Childhood cancer 2 Yes Vinson F et al, 2011

Wingle DT et al, 2009
Turner et al, 2010
Van Maele-Fabry G et al,

2010
Van Maele-Fabry G et al,
2011
Bailey HD et al, 2011
Childhood Leukaemia 6 Yes Turner MC et al, 2011
Multiple cancers 1 Yes Cooper et al, 2008
Prostate cancer 1 Yes Budnik LT et al, 2012
Multiple health outcomes 1 Yes Koureas M et al, 2012
Ismail AA et al, 2012
Neurobehavioral 2 No LiAAetal, 2012
Van der Mark M et al, 2012
Van Maele Fabry G et al,
Parkinson disease 2 Yes 2012
Reproductive 1 No Shirangi A, 2011
Snijder CA et al, 2012
Time to pregnancy 1 Yes
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8. Cancer Outcomes

Overall, 164 publications examined the effect of pesticide exposure on cancer outcomes, contributing
more than 2000 separate analyses. As seen with other outcomes, the diversity of exposure definition is
remarkable and poses special challenges to data synthesis. Only 36 out of the 164 were prospective
cohort studies and other 13 were nested case-controls; the overwhelming majority of evidence comes
from retrospective case-control analyses, which are prone to recall bias in exposure measurement.
Also, out of the 49 prospective analyses, 30 (61%) were from the same prospective study, the
Agricultural Health Study (AHS) and evidence beyond this prospective cohort is limited. This is an
important observation as it emphasizes the fact that 60% of the evidence for prospective associations
comes from a single population. The sample size of the analyses was often small; it ranged between 24
and 82,596 participants (median 301). In addition, 33 studies had information on biomarkers of
exposure and only 7 assessed occupational exposures through job exposure matrix (JEM). Common
limitations in studies included small sample sizes, self-reported exposure, potential for high false
positive rates due to multiple testing (studies test multiple hypothesis without adjusting for multiple
testing and therefore results are likely to be false positives), and retrospective design. A wide variety
or pesticides were assessed, with many studies examining organochlorine insecticides.

The different cancer categories examined are presented in Table 6 along with the number of studies
contributing to each outcome category and a recommendation for quantitative synthesis. Due to
heterogeneity of data and small number of studies identified, statistical synthesis of the data (meta-
analysis) was only performed for some cancer subgroups.

8.1. Hematological neoplasms

8.1.1.  Leukemias

Overall, 26 studies (and 2 abstracts) examined associations between pesticide exposure and various
forms of leukaemia. Fourteen out of these 26 studies were reports from the AHS with some
overlapping results and examination of different pesticide groups. Only 2 studies, both on DDE (ID
CAN_063, ID CAN_064) examined residential exposure and all the remaining studies examined
occupation exposure to pesticides. Twelve out of 99 different analyses were statistically significant
with effect sizes across all studies ranging between 6.1 and 0.2. Statistically significant results come
from 7 different studies; with the exception of the AHS all were of modest to low quality. Table 7
shows summarised results across studies that reported information on the same pesticide class. The
vast majority of results are non-significant and of small effect sizes. Figure 8 shows random effect
meta-analyses keeping analyses with largest sample size form each study. The meta-analysis resulted
in a non-significant pooled effect (OR 1.26, 95% CI 0.93, 1.71) and had modest heterogeneity.
Previous meta-analyses on occupational exposure to pesticides and leukaemia were published in 2008
and 2007 (Merhi 2007, Van Maele-Fabry 2008). The overall summary effect estimates from previous
meta-analyses suggested that there is a significantly positive, albeit weak, association between
occupational exposure to pesticides and all hematopoietic cancers. But both reports acknowledged a
wide range of limitations including the lack of sufficient data about exposure information and other
risk factors for hematopoietic cancer and unclear definition of exposure and of leukemia type.
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8.1.2.  Hodgkin lymphoma

Seven studies examined the associations between pesticide exposure and Hodgkin lymphoma. All
studies assessed exposure through questionnaires, one studies had large sample size and all studies
were retrospective. A wide range of pesticides classes was examined which did not allow any
meaningful synthesis of the results. Twelve out of 75 separate analyses were statistically significant
with effect sizes ranging from 8.4 to 0.4 across all analyses. We attempted random effects meta-
analysis keeping only the Agricultural Health Study (AHS) analysis with the largest sample size. The
result was not statistically significant and had high heterogeneity which can be attributed to the range
of different pesticide classes examined by each study (Figure 9).

8.1.3.  Other lymphomas

A very wide variety of definitions of lymphomas other than Hodgkin lymphoma were used in 44
studies of which 21 were reports from the Agricultural Health Study (AHS) and 2 from the BC
(British Columbia) sawmill workers cohort study. Studies examined broad definitions of lymphomas
and lymphoproliferative syndromes (ID CAN_047, ID CAN_049, ID CAN_074) and other examined
more specific definitions of follicular lymphoma, diffuse large cell lymphoma and peripheral T-cell
lymphoma. Twenty-one studies provided effect sizes between pesticide exposure and broad definitions
of Non- Hodgkin lymphomas. Five of those studies were prospective (ID CAN_063, ID CAN_064, ID
CAN_067, ID CAN_118, ID CAN_121) and seven examined associations with biomarkers of
exposure (ID CAN_056, ID CAN_057, ID CAN_064, ID CAN_065, ID CAN_067, ID CAN_060, ID
CAN_052). However, the later analyses were all on organochlorine pesticides with only few
significant results (6 analyses among a total of 35 analyses) without any firm evidence for
associations. In the AHS, large and significant effect size was observed between butylate use and Non-
Hodgkin lymphomas (RR 2.94, 95% 1.49-5.96, p=0.002; high vs. no exposure). However, again the
AHS in the same publication has examined ten different outcomes and results need adjustment for
multiple testing.

8.1.4.  Multiple myeloma

Also, 11 studies examined associations between pesticides and multiple myeloma, myelodysplastic
syndromes and monoclonal gammopathy of undetermined significance. These studies were generally
heterogeneous and no quantitative synthesis was suggested. Overall, some analyses were statistically
significant, but those were mainly from the French case control study (ID CAN_049) which presented
overall 147 separate analyses and results are prone to bias. The AHS also reported significant
associations between permethrin, dieldrin, Carbon-tetrachloride/carbon disulfide mix and
Chlorthalonil but again these were amongst 52 other analyses and require cautious interpretation. One
study, reported very high significant effect size of 7.3 for myelodysplastic syndrome (ID CAN_070)
but the quality of the study was poor and adjustment of covariates very limited and results were not
replicated by other studies on the same phenotype.

8.2. Prostate cancer

Overall, 39 studies (in 260 analyses) examined the effects of pesticide exposure on prostate cancer.
One study was a conference abstract which provided little data on methodology to allow meaningful
appraisal of its results (ID CAN_107). Also, 25 of those 39 studies were studies from the AHS
population with some overlapping results. For example, two studies (ID CAN_022, ID CAN_106)
examined interactions between pesticide exposure and genetic variants in relation to prostate cancer.
These AHS studies presented the same main effects for pesticide exposure; effects were largely null
and, if anything, significant inverse effects were found e.g. for carbaryl, chlordane, metalachlor and
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others. The remaining AHS studies, examined associations between specific pesticides, again showing
no statistically significant associations between any of the examined pesticides and prostate cancer
with the exception of a weak significant effect between butylate exposure and prostate cancer. The
remaining evidence stems from, rather small and of modest quality, retrospective studies. Most studies
(ID CAN_103, ID CAN_101, ID CAN_100, ID CAN_094, ID CAN_143, ID CAN_142) examined
the effects of organochlorines with largely small and non-significant results. Two studies (IDs
CAN_099, ID CAN_095) showed high significant increased risk associated with pesticide exposure
and prostate cancer but both studies were of low quality, had very broad definitions of exposure and
results need cautious interpretation and do not match with those reported from well conducted large
prospective studies (e.g. AHS). Notably, one population-based case-control study (ID CAN_104) in a
highly exposure area found strong association of ambient exposure to methyl bromide with prostate
cancer risk, but the study did not observe evidence for exposure-response. In summary, most evidence
for prostate cancer risk in relation to pesticide exposure concerns the effect of organoclorines with
studies showing weak non-significant effects. A meta-analysis (Maele-Fabry 2003) on occupational
exposure to pesticides and prostate cancer was also identified published. The pooled effect estimate,
based on 22 epidemiological studies, was 1.13 (95% CI 1.04 to 1.22) with substantial heterogeneity
across studies. In addition, the studies reviewed contained insufficient qualitative and quantitative
information on exposure in order to distinguish the influence of pesticides from other occupational,
environmental, and lifestyle factors (Maele-Fabry 2003). Overall, there is no evidence supporting an
association between pesticide exposure and prostate cancer.

8.3. Lung cancer

Thirty studies contributing 45 analyses examined associations between pesticide exposure and lung
cancer; previously published meta-analysis was not identified. Again, 23 out of 30 published studies
and 30 of the 45 analyses were analyses of the AHS. Amongst the 50 different analyses of the AHS,
only one statistically significant result was observed. Three studies examined broad pesticides
definition as their exposure (ID CAN_080, ID CAN_082, ID CAN_083), one studied mosquito coil
burns (ID CAN_081), while the remaining studies examined a range of different pesticides with an
emphasis on organochlorine insecticides. The diversity of pesticide categories and the repeated use of
the same cohort population (AHS) in more than half of the studies does not allow for quantitative
synthesis. Notably, the association between mosquito coil burn and lung cancer was statistically
significant with large effect size (3.78 (1.55, 6.90); yes vs. no use) but the study is relative small,
retrospective with limited examination of confounders and of overall modest quality. Two case-control
studies (ID CAN_082, ID CAN_082) reported over a two-fold increased risk of lung cancer for
occupational exposure to pesticides but individual pesticides were not examined. Another case-control
study (ID CAN_080) failed to replicate these observations between pesticide exposure and lung cancer
mortality. Overall, the evidence on pesticide exposure and lung cancer is limited and inconclusive.

8.4. Childhood cancer

8.4.1.  Childhood hematological neoplasms

Overall, 17 studies (and one abstract) which examined childhood hematological neoplasms in relation
to pesticide exposure were identified. All 17 studies examined childhood leukemia and 4 of them also
included other hematological neoplasms.

Previous meta-analysis on childhood leukemia concentrated on studies which assessed residential
exposure to pesticides only. All studies that were included in the meta-analyses and were published
after 2006 have been identified by our search which confirms that we identified all available evidence.
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Identified studies were generally small with the exception of two studies on national registries, the
Northern Region Young Persons’ Malignant Disease Registry (ID CAN_120) and the national
registry-based case—control study ESCALE (Etude sur les cancers de I’enfant) (ID CAN_073). Results
from these studies should be cautiously interpreted, despite their large sample size, due to the large
number of hypothesis examined (high false positive rate); each study reported 42 and 64 separate
analysis respectively. All were case control studies and vast majority examined residential exposures
with few studies on occupation exposure identified. Although most studies assessed use of, or
exposure to, pesticides or pesticide subgroups (insecticides, herbicides, fungicides), some studies also
attempted to collect information on specific pesticides (ID CAN_031, ID CAN_032) and one study
(ID CAN_032) assessed biomarker levels. There were few data regarding frequency or duration of
pesticide use, with most studies reporting only “ever/never” use of/exposure to the pesticide of
interest. Although confounding is difficult to assess because there are few established risk factors for
childhood hematological neoplasms, most studies examined or adjusted for at least a range of
sociodemographic and maternal characteristics. Almost all studies assessed pesticide exposure
separately for preconception, pregnancy, and childhood time windows. One study of very low quality
and incomplete statistical analyses results examined all exposure time windows and other 2 (ID
CAN_073, ID CAN_044) examined preconception and pregnancy jointly.

Three studies were excluded from further quantitative analyses: study ID CAN_040 was excluded due
to lack of Cls; study ID CAN_030 due to duplicate data from Northern California Childhood
Leukemia Study (duplicate with ID CAN_031), and study ID CAN_037 due to a unique study
population (Down syndrome cases only). We divided the quantitative synthesis of results by the time
period (window of exposure).

8.4.1.1. Exposure during pregnancy

Seven studies had information for pesticide exposures during pregnancy. Eleven out of 86 analyses
were statistically significant corresponding to 5 studies which all examined acute leukaemia as
outcome of interest. Largest effect estimates were reported from the national registry-based case—
control study ESCALE (Etude sur les cancers de I’enfant). Insecticide use during pregnancy was
significantly associated with childhood acute leukemia (OR = 2.1; 95% CI, 1.7-2.5) and paternal
household use of pesticides was also related to acute leukemia (OR = 1.5; 95% ClI, 1.2-1.8) in this
study. We performed a series of quantitative synthesis of results. We first selected analyses with the
largest sample size within each published report and synthesized results (Figure 10). This analysis was
associated with large heterogeneity (1>80%) as each study had different exposure assessment (type of
pesticide and parental route of exposure) and variability in outcome assessment. The remaining meta-
analysis in Figure 10 show synthesis or results based on pesticide class examined in an effort to
harmonize results with the previously published meta-analysis (Turner 2010) on ‘Residential
Pesticides and Childhood Leukemia’. We performed quantitative synthesis of all studies on
insecticides and pesticides identified in this systematic review and subsequently we updated the
previously published meta-analysis keeping only studies assessing residential exposure. Overall, the
results show modest heterogeneity across studies, which can be attributed to variability in pesticide
exposure definition, outcome definition, definition of exposure time windows etc. However, the meta-
analysis show a consistent increased risk of childhood leukemia associated with exposure to
unspecified pesticides and insecticide (Summary OR=1.69; 96% CI=1.35, 2.11). Our updated meta-
analysis resulted in more conservative results compared to the meta-analysis published in 2010 but
still supported an association between exposure to pesticides during pregnancy and childhood
leukaemia. Still the evidence merits careful interpretation as there were concerns around publication
bias in the original meta-analysis, the studies are typically small and the exposure is measured through
non-validated self-reported questionnaires that are prone to misclassification. Funnel plot shows
relative symmetry around studies of small size. Further evidence from large studies, using valid
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biomarkers of past exposure are needed to confirm whether there is public health merit in reducing
prenatal exposure to residential pesticides.

8.4.1.2. Preconception

Four studies examined preconception as the time window of exposure (ID CAN_032, ID CAN_043,
ID CAN_073, ID CAN_120) but none reported statistically significant results.

8.4.1.3. Childhood

Seven studies with information on exposure during childhood were identified (ID CAN_031, ID
CAN_032, ID CAN_035, ID CAN_036, ID CAN_041, ID CAN_043, ID CAN_133). One study
examined Endosulfan, which is no longer in use; the study was of very low quality and was not
considered further. Meta-analysis of these studies is shown in Figure 14 below. Two analyses are
presented A) one on identified studies from 2006 onwards based on the analysis of the largest sample
size in each report (any pesticide) and B) an update on the 2010 meta-analysis on pesticide exposure
during childhood and childhood leukemia. The meta-analysis on any pesticides had modest
heterogeneity whereas the updated meta-analysis, which was restricted to residential exposure and
insecticides/ unspecified pesticides only, displayed no heterogeneity in its results. The results of the
updated meta-analysis are more conservative than the original meta-analysis but still very close to the
pooled estimates reported in 2010 (Figure 14). Funnel plots indicated considerable symmetry around
results. Overall, there is some evidence for association between childhood exposure to pesticide and
childhood leukemia but this is weaker than exposure during pregnancy and requires more evidence
from well-conducted large birth cohorts to draw firm conclusions.

8.4.2.  Lymphomas

Evidence beyond leukaemia for childhood hematological neoplasms comes only from 3 studies, which
reported many analyses (IDs CAN_073, ID CAN_120, ID CAN_133) among which analyses for Non-
Hodgkin and Hodgkin lymphomas. All analyses were not statistically significant and had weak effect
estimates.

8.4.3.  Other childhood cancers

Seven studies on other childhood cancers were identified. Four studies examined brain cancer (ID
CAN_006, ID CAN_011, ID CAN_089, ID CAN_133), one childhood germ cell tumor (ID
CAN_114) and two examined a range of childhood cancers (ID CAN_120, ID CAN_133). Significant
associations were only observed for brain cancers but again these pertain to only a small subset of
many analyses and cannot be informative at this stage.

8.5. Colorectal cancer

Overall, 26 identified studies examined associations between pesticide exposure and colorectal cancer
in 207 analyses. Separate analyses for colon cancer and rectum cancer were available in 24 and 11
studies respectively. A very large body of evidence comes from the AHS study, which examined all
these 3 outcomes for associations with 194 out of the 207 identified analyses on colorectal cancer
examining 50 different pesticides with no adjustments for multiple testing. Out of these 194 analyses,
only 7 were statistically significantly positively associated with the outcome (Carbaryl, Aldicarb,
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Toxaphene, Pendimethalin, S-Ethyl dipropylthiocarbamate (EPTC), imazethapyr and Fonofos) but
need to be interpreted with caution due to high false positive probability. Despite the fact that 27
published studies were identified, overall the evidence comes from only 7 different populations. This
fact along with the range of different pesticides analysed by each of these studies in relation to colon
cancer does not allow meaningful quantitative synthesis of the results. Table 8 shows the extent of
publication of duplicate data from one cohort in multiple papers and shows good consistency of
results. Previous meta-analyses on colorectal cancer and pesticide exposure have not been identified.
Overall, the evidence for pesticides and colorectal cancer is very limited and current state of the
literature does not support associations between pesticides and colorectal cancer.

8.6. Skin cancer

Seventeen studies examined associations between melanoma and pesticide exposure. The majority of
studies assessed organochlorine pesticides. Again, 14 out of 17 studies on melanoma were results from
the AHS examining in each paper different pesticides categories and different definitions of exposure
with some supplication of results present. Of the 26 different analyses of the AHS, 8 were statistically
significant and all stemming from the same publication (ID CAN_085) on dose response relationships
for 50 agricultural pesticides with cutaneous melanoma. The study reported significant associations
between cutaneous melanoma and maneb/mancozeb (> 63 exposure days: OR = 2.4; 95% Cl, 1.2-4.9;
trend p = 0.006), parathion (> 56 exposure days: OR = 2.4; 95% ClI, 1.3-4.4; trend p = 0.003), and
carbaryl (> 56 exposure days: OR = 1.7; 95% Cl, 1.1-2.5; trend p = 0.013) (155). Other studies did not
report results on these pesticides to allow examination of replication of results. One case-control study
showed increased statistically significant risk between indoor pesticide exposure and melanoma
whereas in the same study outdoors pesticide exposure was not associated with melanoma (106). The
remaining studies on organochlorines showed heterogeneous results with few statistically significant
results (Hexachlorobenzene (HCB), mirex), which do not provide evidence for an association between
these pesticides and melanoma.

8.7. Breast cancer

Overall, 14 studies (and 3 abstracts) after 2006 examined the relationship between pesticide exposure
and breast cancer. The vast majority of studies and analyses concentrate on organochlorine pesticide,
which they are assessed through biomarker analyses. Two previous meta-analyses on breast cancer
and DDT exposure have been published (Khanjani 2007, Lépez-Cervantes 2004). Overall, previous
meta-analyses did not show a significant association between any cyclodiene chemical and breast
cancer except for heptachlor, but that was based on only two studies. Meta-analysis on identified
studies in this systematic review on Dichlorodiphenyldichloroethylene (DDE) and breast cancer (5
studies) also shows no evidence for association. We have also performed a meta-analysis across all
identified studies on breast cancer, selecting each time the analysis within each study with the largest
sample size. Studies ID CAN_019 and ID CAN_023 were excluded from synthesis, as effect sizes and
confidence interval to allow synthesis were not provided and study ID CAN_022 was excluded as it
reported very tight confidence intervals which did not were assumed to be reported incorrectly. The
synthesis here involves the pooled effect of many different pesticides definitions and biomarkers
(DDE, lindane, and broad pesticide definition) and is difficult to be interpreted. The pooled effect
shows a statistically significant increased risk of breast cancer (1.07 (0.87 to 1.31)) but this result need
cautious interpretation. The meta-analysis combines very different categories of pesticides and is
largely dominated by one study (ID CAN_022), which assessed pesticide exposure by self-reported
residential pesticide use and is therefore of modest quality compared to the rest of the studies which
assessed pesticides via biomarkers.
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8.8. Bladder cancer

Sixteen studies examining bladder cancer in relation to pesticide exposure were identified; however,
13 were studies from the same population the AHS as previously observed for other cancer outcomes.
Among the 25 different analyses presented, only one provided statistically significant results for
occupational exposure to imazethapyr in the AHS. However, due to multiple testing the results need
cautious interpretation and based on the evidence reviewed in this report there is no suggestion for an
association between pesticide exposure and bladder cancer.

8.9. Kidney cancer

Ten studies examined kidney cancer in relation to pesticide exposure; however, data from two
populations only, the AHS and the BC (British Columbia) sawmill workers cohort study. Results form
the BC sawmill workers cohort study (ID CAN_129 and ID CAN_125) were both on occupational
exposure to pentachlorophenol and tetrachlorophenol but examining different approaches to statistical
analyses. Results from the AHS were on different pesticide classes. Overall, no statistically significant
results were observed and the limited number of contributing populations (n=2) does not allow further
quantitative synthesis.

8.10. Pancreatic cancer

Seven studies examined pancreatic cancer in relation to pesticide exposure; 4 were reports from the
AHS. The overwhelming majority of analyses considered organochlorine pesticides. In a small case-
control study of modest quality significantly increased concentrations of hexachlorobenzene (HCB),
sum of chlordanes and polybrominated diphenylethers (PBDEs) were found in the pancreatic cancer
cases compared to healthy controls (ID CAN_090). In the AHS, among 46 different analyses,
significant associations were reported for Pendimethalin and S-Ethyl dipropylthiocarbamate (EPTC).
Applicators in the top half of lifetime pendimethalin use had a 3.0-fold (95% CI 1.3-7.2, p-trend 5
0.01) risk compared with never users, and those in the top half of lifetime EPTC use had a 2.56-fold
(95% CI 5 1.1-5.4, p-trend=0.01) risk compared with never users. Organochlorines were not
associated with an excess risk of pancreatic cancer in the AHS. These findings suggest that herbicides
may be associated with pancreatic cancer but require replication by future studies as they all come
from a single population without adjustments for multiple testing.

8.11. Testicular cancer

Overall, 8 studies examined testicular cancer. Two studies also reported outcomes for seminoma
cancer. All but one study assessed biomarker levels and concentrated on organochlorine pesticides
with a range of different biomarkers assessed and studies showing a weak effect for an association
with testicular cancer. However, information on more than 4 studies was available for p-p’DDE only
and quantitative synthesis showed a non-significant effect and modest heterogeneity (Figure 20).
Quantitative synthesis across any pesticide was not performed due to heterogeneity of biomarkers
assessed in each study. Overall, there is no evidence to support an association between pesticide
exposure and testicular cancer based on evidence reviewed herein.

8.12. Stomach cancer

Six studies examined association between pesticide exposure and stomach cancer. All studies
examined occupational exposure to pesticides, a range of pesticide classes was studies; 2 studies had a
prospective design but all had modest to small sample sizes. In agreement with previous meta-analysis
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on farmers (Saphir 1998), studies reported weak and mainly non-significant results. A nested case-
control study (ID CAN_028) of gastric cancer embedded in the United Farm Workers of America
(UFW) cohort reported significant associations: working in areas with high use of the phenoxyacetic
acid herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) was associated with gastric cancer (OR 1.85;
95% CIl 1.05-3.25); use of the organochlorine insecticide chlordane was also associated with the
disease (OR 2.96; 95% CIl 1.48-5.94). Gastric cancer was associated with use of the acaricide
propargite (OR 2.86; 95% CI 1.56-5.23). Nonetheless, the study is limited by a relatively small
number of cases and controls, multiple testing and exposure misclassification, as assessment was
ecological in nature. In the AHS, based on 15 exposed cases, stomach cancer risk increased
monotonically with increasing methyl bromide use (RR = 3.13; 95 % ClI, 1.25-7.80 for high use
compared with no use; p for trend = 0.02). However, again the associations suffer from multiple
testing as all other cancer subtypes have been associated with methyl bromide use in this study (ID
CAN_147). Meta-analysis selecting the analysis with largest sample size is shown in Figure 21 but
results require careful consideration. Despite a statistical significant pooled large effect size, this is
dominated by two studies (ID CAN_125, ID CAN_147), which examine pentachlorophenol and
methyl bromide; two compounds that are not approved in the European Union.

8.13. Liver cancer

Five studies (including 11 separate analyses) and one conference abstract examined associations
between pesticide exposure and liver cancer. The majority of analyses examined exposure to
organochlorine pesticides and all studies examined occupational exposure to pesticides. Both studies
on DDT (IDs CAN_076 and ID CAN_079) reported statistically significant associations with liver
cancer; the remaining analyses were non-statistically significant. These two studies largely dominate
the meta-analysis on liver cancer, which shows a statistically significant pooled result largely driven
by the DDT studies.

8.14. Cancer subgroups with few studies

As illustrated in Table 6, for a large number of individual cancers only very few studies are available
to allow synthesis of evidence for each cancer subgroup. Our systematic review did not identify any
previously published meta-analyses on these cancer subtypes to allow for comparisons with previously
published evidence (prior to 2006). Generally the results on these cancer subtypes were of small effect
and not statistically significant with few exceptions concerning occupational exposure only. Given the
large number of analyses within each study, these results need cautious interpretation and, based on
these data, there is no evidence to suggest association between pesticide exposure and these cancer
subtypes.

There were also a large number of studies examining all cancers (composite cancer outcome) in
relation to pesticide. Cancers represent a very heterogeneous group of disorders and simultaneous
examination of all cancer subtypes may introduce bias in the associations. Overall, 30 analyses
examining “all cancers” were identified and 28 of them were analyses of the same cohort, the AHS,
not allowing further synthesis of the results. Only 4 results out of 31 were statistically significant were
associated with poor quality of studies and therefore do not merit interpretation at this stage.
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Table 6: Summary of eligible studies identified per cancer subgroup
i g T A 88 Yes Yes
Meta-analysis Previous meta- BISTIRAS A 39 No Yes
Cancers N studies recommended analysis identified WA 30 Yos No
Haematological neoplasms 88 Yes Yes FRTORA 30 No No
Prostate cancer 39 No Yes NGRS 45 Yes Yes
Lung cancer 30 Yes No KA A 26 No No
All cancers 30 No No RS 73 A 17 Yes No
Childhood cancer 45 Yes Yes TR 2% A 16 Yes No
Colorectal cancer 26 No No LA 14 Yes Yes
Skin cancer 17 Yes No A A 10 No No
Bladder cancer 16 Yes No TS A 7 No No
Breast cancer 14 Yes Yes KA A 8 No No
Kidney cancer 10 No No FUE - AE - WHEED M A 5 No No
Pancreatic cancer 7 No No HA A 6 No No
Testicular cancer 8 No No A A 5 No No
Lip, oral cavity and pharynx cancer 5 No No 4 ReE 155 6 No No
Stomach cancer 6 No No A 5 No No
Liver cancer 5 No No sy 5 No No
Brain cancer 6 No No WEBE A A 3 No No
Bone cancer 5 No No T3S A 2 No No
Oesophageal cancer 5 No No o 9 No No
Larynx cancer 3 No No M AR AN A 2 No No
Biliary tract cancer 2 No No Zofh 9 No No
Soft-tissue 2 No No
Female reproductive system cancer 2 No No
Other 9 No No
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Table 7: Summary results across eligible studies that reported information on the same V) IOV TORERERE L - HENSRBREEOENRER
pesticide class and risk of leukaemia (DDE: Dichlorodiphenyldichloroethylene) Study #EB# BAKS IR FHFOEE BB N OR  95% 95% Level of
i) A LCI UCI  Adjustment
Publication Pesticide 95% 95% Level of DDE
Class Pesticide Type Outcome LCI  UClI Adjustmel CAN_064 12010 | p, p’ ~DDE A e T — | BVE Y » S 210 0.78] 0.28] 2.21 44+
CAN_064 2010 p,p-DDE _ Biomarker Chronic Lymphocytic Leukemia 210 0.78 028 2.21+++ CAN_063 | 2010 | p,p’-DDE LRI 18U o A L 148 0.62 0.29 1.3 ++
CAN_063 2010 p,p-DDE  Questionnaire _Chronic Lymphocytic Leukemia 148 062 029 137+ CAN_056 | 2008 ' p,p’ -DDE PN A —Tg— ABYEY P i 71 10 0.4/ 2.5+
CAN_056 2008 p,p'-DDE  Biomarker Chronic Lymphocytic Leukemia 71 1 04 25+ Tnsecticides
Insecticides P ARG N y
. CAN_072 | 2006 | Insecticid i O [ L 1304 10 0.7 1.4+
CAN_072 2006 Insecticides Questionnaire  All leukemias 1304 1 07 14+ — nsee ml s ;Tﬁﬁfﬁ T/\:C N El 2] -
CAN_049 2009 Insecticides Questionnaire Chronic Lymphocytic Leukemia 37 08 03 21% CAN_049 | 2009 | Insecticides | I Mk ) >/ S0k (3 37] 0.8] 03] 211+
CAN_024 2010 Insecticides Questionnaire  Acute Myeloid Leukemia 158 152 0.6 2.04+++ CAN 024 2010  Insecticides |ERfK kBN A g 16581 1.52 0.16 2.04 +++
Herbicides Herbicides
CAN_072 2006 Herb!c!des Quest!onna!re All IeL!kemlas : i 1260 14 08 2.3'++ CAN_072 | 2006 | Herbicides R FRTO A M 1260 1.4 0.8 2.3 ++
CAN_049 2009 Herbicides Questionnaire  Chronic Lymphocytic Leukemia 39 05 02 13+ — pPrr—— YTy I
CAN_024 2010 Herbicides Questionnaire Acute Myeloid Leukemia 45 1.83 0.99 3.38 +++ CAN_049 12009 |Herbicides FLRIAL 4 ) >/ S 3 39] 0.5] 0.2f 1.3+
CAN_058 2008 Herbicides Questionnaire Chronic Lymphocytic Leukemia 523 115 0.76 L1.74++ CAN_024 12010 |Herbicides | B kB BEE B s 45 1.83 0.99 3.38 +++
CAN_058 | 2008 Herbicides TS 18U v A LR 523 1.15 0.76| 1.74|++
#£8: KIENA DDVP:2,2-Yrmub =L PAF)VY) VEE) ICBE L CEEKIE
Table 8: Examples of identified studies from the Agricultural Health Study (AHS) that SBEORI UAA A~ —h— %5l LT 2L (Agricultural Health

evaluated the same biomarkers of pesticide exposure in relation to colorectal cancer (DDVP:
2,2-dichlorovinyl dimethyl phosphate)

Study : AHS) b RIE X =afrFE D fil
Y7L HREE T KL

Sample Effect Lower Upper Adjust 2 4 E
Study ID Pesticide Outcome size Estimate (OR) 95% ClI 95% ClI ments Study ID &ﬁﬁj %g tt& -y‘/fx E(OR) 95% CI 95% CI WE
Highest tertile
tertile of N
Dichlorvos/ e?(plc):u(:e ve Y7 muRA of exposure vs
CAN_122 DDVP Colon cancer no 202 1.48 0.78 2.8 + CAN 122 /DDVP KB A no 202 1.48 0.78 2.8 +
Dichlorvos/ = - -
CAN_024 DDVP Colon cancer Ever vs. never 56813 1.5 0.9 2.4 ++ /40 =T = 3 NS
CAN_024  /DDVP KA A Ever vs. never 56813 1.5 0.9 2.4 ++
CAN_024 Fonofos Colon cancer E!\ll;l:::t never 56813 1.5 1 2.2 ++ CAN 024 T4 )T AR S A | Ever vs. never 56813 L5 1 2.9+t
:(":c":u"rfe v Highest tertile
CAN_ 119 Fonofos Colon cancer no 126 1.66 0.92 3.03 ++ of exposure vs
Colorectal CAN_119 T AT EA K3 A | no 126 1. 66 0.92 3.03 ++
CAN 024 Malathion _cancer e fover 50013 o8 06  1axs CAN.024 |~ FF A4 ELH A | Ever vs. never 56813 0.8 0.6 L1+
tertile of Highest tertile
Colorectal  exposure vs
CAN_121 Malathion cancer no 58 0.84  0.48 1.48 ++ of exposure vs
Rectum CAN_121 ~7F A ELA A | no 58 0. 84 0. 48 1.48 ++
CAN_118 Toxaphene _cancer Yes vs. no 75 2 1.1 3.5 +++ CAN 118 ey EB2RA  Yes vs. no 75 9 11 3.5 +++
Rectum =
CAN_024 Toxaphene cancer Ever vs. never 56813 2.1 1.2 3.6 ++ CAN_024 FxHY 7= B2 A Ever vs. never 56813 2.1 1.2 3.6 ++
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Table 9:
than >2
Hexachlorobenzene)

Studies on biomarkers of pesticide exposure and testicular cancer with more

studies (DDE: Dichlorodiphenyldichloroethylene;

Dieldrin

per

Effect estimate
type

biomarker

Comparison level otal N
hi

Effect estimate 95%

Cl  Adjustments

1.41 ++

HCB:

CAN:115 Dieldrin OR high tertile vs low 60 2.1 0.5 9.5 +
CAN_113 HCB OR yes/no 57 4.4 1.7 12 +
0.5

CAN_115 HCB OR high tertile vs low 70 2.9 15.2 +

CAN_111 Heptachlor epoxide OR high tertile vs low 407 0.67 0.35 1.29 ++

CAN_115 Heptachlor epoxide OR high tertile vs low 68 2.4 0.6 9.1+

CAN_111 Mirex high tertile vs low 0.87 0.5 1.53 ++

|CAN 112 Mirex high tertile vs low 0.24 0.9 1.74 +++

CAN_115 Mirex high tertile vs low 1.2 0.4 3+

CAN_111 0,p-DDT OR high tertile vs low 13 0.67 2.53 ++

|CAN7115 0,p’-DDT OR high tertile vs low 71 14 0.4 45+

CAN_116 0,p'-DDT Mean difference unit increase 60 0.46 n/a n/a n/a

CAN_111 p.p'-DDT OR high tertile vs low 533 117 0.68 2 ++

CAN_112 p.p'-DDT RR high tertile vs low 1493 1.13 0.71 1.82 +++

CAN_115 p,p'-DDT OR high tertile vs low 63 21 0.6 7.2+

CAN_116 p,p'-DDT Mean difference  unit increase 60 -1.2 n/a n/a n/a

CAN_111 p.p'-DDE OR high tertile vs low 554 0.61 0.32 1.14 ++

CAN_112 p.p'-DDE RR high tertile vs low 884 1.71 1.23 2.38 +++

CAN_113 p.p'-DDE OR yes/no 44 13 0.5 3+

CAN_115 p,p’-DDE OR high tertile vs low 65 2.2 0.7 6.5+

CAN_116 p.p'-DDE Mean di unit increase 60 -15.29 n/a n/a n/a

CAN_117  p,p'-DDE OR high tertile vs low 98 321 077 133+

CAN_111 Oxychlordane OR high tertile vs low 538 0.93 1.73 ++

|CAN 112 Oxychlordane RR high tertile vs low 841 1.27 0.92 1.76 +++ \
CAN_115 Oxychlordane OR high tertile vs low 68 3.2 16.8 +

CAN_111 Total chlordanes OR high tertile vs low 562 0.93 0.51 1.68 ++

CAN_112 Total chlordanes RR high tertile vs low 842 151 1.09 2.1 +++

CAN_113 Sum of chlordanes  OR yes/no 49 19 0.7 5+

CAN_115  Total chlordanes OR high tertile vs low 70 2.3 0.6 7.2+

CAN_111 Trans -nonachlor OR high tertile vs low 564 0.89 0.49 1.61 ++

[CAN_112 Trans -nonachlor _ RR high tertile vs low 875 1.46 1.07 2 +++ |
[CAN_115  Trans -nonachlor  OR high tertile vs low 62 26 0.7 89+ J
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£9: BRI BONS Av—I—ERBEBAITONT, 1 D2ONL Fv—H—IC
D& 2 U EDOHEEITo7MFE OE: PrnuyryzoryrunxsF L
¥, HCB: ~F ¥ o Ey)

R D 95% 95%
Study ID 3% ZhRHEER L~ ¥ HE ICI Ucl
CAN_111 |7 4 /V R VU > OR high tertile vs low 418 0.79 0. 44 1.41 ++
CAN_115 |7 4 )V RV > OR high tertile vs low 60 2.1 0.5 9.5 +
CAN_113 | HCB OR ves/no 57 4. 4 1.7 12+
CAN_115 HCB OR high tertile vs low 70 2._9 0.5 15.2 +
CAN_I11 ~7 % 71T OR high tertile vs low 407 0.67 0.35 1.29 ++
K¥T K
CAN_115  ~7 4 7L OR high tertile vs low 68 2.4 0.6 9.1+
AE LR -
CAN_111 [ I Lwv 7 A OR high tertile vs low 557 0.87 0.5 1.53 ++
CAN_112 I L w7 R RR high tertile vs low 1333 0. 24 0.9 1. 74 +++
CAN_115 ' < \/'7_77\ OR high tertile vs low 66 1.2 0;1 3+
CAN_111 o, p—DDT OR high tertile vs low 514 1.3 0.67 2.53 ++
CAN_115 o, p -DDT OR high tertile vs low 71 1.4 0.4 4.5 +
CAN_116  o,p -DDT Mean difference unit increase 60 0. 46 n/a n/a n/a
CAN_111  p,p -DDT OR high tertile vs low 533 1. 17 0. 68 2] ++
CAN_112 ' p,p —DDT RR high tertile vs low 1493 1.13 0.71 1.82 +++
CAN_115 ' p,p -DDT OR high tertile vs low 63 2.1 0.6 7.2+
CAN_116  p,p -DDT Mean difference unit increase 60 -1.2 n/a n/a n/a
CAN_111 p,p -DDE OR high tertile vs low 554 0.61 0.32 1. 14 ++
CAN_112 ' p, p —DDE RR high tertile vs low 884 1.71 1.23 2. 38 +++
CAN_113 | p,p —DDE OR Yyes/no 11 1.3 0.5 3+
CAN_115 | p,p —DDE OR high tertile vs low 65 2.2 0.7 6.5 +
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Figure 8: Random effects meta-analysis of the association between exposure to pesticides and
Leukemia
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Figure 9: Random effects meta-analysis of the association between exposure to pesticides and
Hodgkin Lymphoma
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Figure 10: Random effects meta-analysis of the association between childhood leukemia and
exposure to pesticides during pregnancy (Any exposure to pesticide during pregnancy and childhood
leukemia)
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Figure 11: Random effects meta-analysis of the association between childhood leukemia and
exposure to pesticides during pregnancy (Exposure to insecticides during pregnancy and childhood
leukemia)
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Figure 12: Random effects meta-analysis of the associati

on between childhood leukemia and

exposure to pesticides during pregnancy (Residential exposure to insecticide during pregnancy and
childhood leukemia) (update to meta-analysis 2010 using published effect sizes; Turner 2010) and

associated funnel plot
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Figure 13: Random effects meta-analysis of the association between childhood leukemia and
exposure to pesticides during pregnancy (Exposure to unspecified pesticides during pregnancy and

childhood leukemia)
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Figure 14: Random effects meta-analysis of the association between childhood leukemia and

exposure to pesticides during pregnancy (Residential exposure to unspecified pesticides during
pregnancy and childhood leukemia (update to meta-analysis 2010, Turner 2010) and associated funnel

plot)
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Figure 15: Random effects meta-analysis of the association between childhood leukemia and
exposure to pesticides during childhood (Any exposure to pesticide during childhood and childhood
leukemia)

EFSA supporting publication 2013:EN-497 39

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the EFSA SZHE IR 2013:EN-497 39
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

965



Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E, Tzoulaki |

Pesticide epidemiology

Overall (I-squared = 0.0%, p = 0.476) <>

Study

[} OR (95% CI)
CAN_035 ——o— 1.70 (1.15, 251)
CAN_043 —o—;— 1.33(0.97, 1.83)
CAN_032 __._l_ 1.30 (0.64, 2.65)
Infante-Rivard et al. ——-—o— 2.08(0.78, 5.53)

Farjardo-Gutierrez et al R 1.85 (0,99, 3.46)
Davis etal. —_— 0.80 (043, 1.49)
Ma et al. R 1.70 (101, 2.86)
Leiss and Savitz et . —_— 170 (1.20,2.40)

151 (1.28, 1.78)

=
L
I N
£ A
P .
- . .
’ // \\
o
S ™ /{ : \\
e I B
e A . AN
= . .
™ 4 r N
5 ¥ * . .
° - ~
= B N
o = 4 Pl N
.
s s
. .
I N
I N
L A
P . .
-5 0 5 1 15
log OR
Figure 16: Random effects meta-analysis of the association between childhood leukemia and

exposure to pesticides during childhood (Residential exposure to insecticide during childhood and
childhood leukemia (update to meta-analysis 2010 using published effect sizes, Turner 2010) and

associated funnel plot)
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Figure 17: Random effects meta-analysis of the association between childhood leukemia and

exposure to pesticides during childhood (Residential exposure to unspecified pesticides during
childhood and childhood leukemia (update to meta-analysis 2010 using published effect sizes, Turner

2010) and associated funnel plot)
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Figure 18: Random  effects  meta-analysis  for  studies  with  information  on
Dichlorodiphenyldichloroethylene (DDE) and breast cancer on studies that examined DDE exposure
to pesticide with breast cancer
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Figure 19: Random  effects  meta-analysis  for  studies with  information on

Dichlorodiphenyldichloroethylene (DDE) and breast cancer selecting analyses with the largest sample
size within each study (pesticides assessed in each study are shown in on the right key).
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Figure 20: Random  effects  meta-analysis  for  studies  with  information  on
Dichlorodiphenyldichloroethylene (DDE) and testicular cancer
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Figure 21: Random effects meta-analysis for studies that examined any exposure to pesticide
with stomach cancer selecting analyses with the largest sample size within each study
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Figure 22: Random effects meta-analysis for studies that examined any exposure to pesticide
with liver cancer selecting analyses with the largest sample size within each study (pesticides assessed
in each study are shown on the right key)
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9. Child health

Overall, 84 individual studies examined the effect of pesticide exposure on child health outcomes
(median sample size: 267; IQR 119-811), contributing 821 separate analyses in the data extraction
database. More than 120 health-related outcomes were assessed with a large proportion focusing on
congenital malformations and developmental parameters including but not restricting to somatometrics
(Table 10). As seen with other outcomes, the diversity of the exposure definition is remarkable and
poses special challenges to data synthesis. Only 38 out of the 84 were prospective cohort studies and
other 5 were nested case-controls; the majority of evidence comes from retrospective case-control
analyses, which are prone to recall bias in exposure measurement. The sample size in the reported
analyses was often small; it ranged between 23 and 183,313 participants (median 267) and the largest
studies in the domain are smaller than the largest studies assessed in the cancer field. Here, we
observed no large clusters of publications coming from large, well-known studies in the field, such as
the Agricultural Health Study (AHS), while 26 studies assessed occupational exposures. In addition,
the presence of studies with information on biomarkers of exposure was more prominent here (n=49,
58%) while 3 studies assessed occupational exposure through JEM. The different outcome categories
examined are presented in Table 10 along with the number of studies contributing to each outcome
category and a decision on quantitative synthesis (Table 11). Due to heterogeneity of data and small
number of studies identified, statistical synthesis of the data (meta-analysis) was only performed for
urological malformations only.

9.1. Prematurity

Fifteen studies assessed the association between pesticide exposure during pregnancy and prematurity
with a median sample size of 193 (IQR 87-469), contributing 54 separate extracted comparisons in the
database. More than half of the studies were retrospective and in more than three-fourths of the
studies, the exposure was assessed through a biomarker. A large variety of individual pesticides were
assessed with DDT metabolites being assessed more frequently (8 studies). Nevertheless no single
pesticide and related biomarker was assessed in more than 4 studies using the same comparison unit,
thus a quantitative synthesis was not performed. The largest prospective study (ID CH 091) assessed a
Dutch population of greenhouse workers and reported a decreased risk of preterm birth among male
greenhouse workers (OR= 0.47; 95%CI= 0.35-0.65) while the observed increased risk in women was
not statistically significant (OR= 1.14, 95%CI= 0.57-2.31) .The remaining studies reported
statistically non-significant results with effect estimates pointing towards a positive association.
Moreover, no meta-analysis of published studies was identified. Based on these data, there is no recent
evidence to suggest a robust, clinically significant association between pesticide exposure and
prematurity in general.

9.2. Restricted fetal growth

Twelve studies assessed the association between pesticide exposure during pregnancy and restricted
fetal growth and/or small for gestational age neonates with a median sample size of 422 (IQR 178-
1,630), contributing 44 separate extracted comparisons in the database. Sixty percent of the studies
were prospective, three assessed occupational exposure and in more than two-thirds of the studies, the
exposure was assessed through a biomarker. A large variety of individual pesticides were assessed
with DDT metabolites being assessed more frequently (4 studies). Nevertheless no single pesticide
and related biomarker was assessed in more than 4 studies using the same comparison unit, thus a
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quantitative synthesis was not performed. The largest study (ID RPD 26) assessed in a retrospective
cohort whether atrazine in drinking water is associated with increased prevalence of small-for-
gestational age and preterm birth. The authors reported that atrazine in drinking water during the third
trimester and the entire pregnancy was associated with a significant increase in the prevalence of SGA
(Small for Gestational Age); atrazine in drinking water > 0.1 pg/L during the third trimester resulted in
a 17-19% increase in the prevalence of SGA compared with the control group (< 0.1 ug/L). All the
remaining studies reported statistically non-significant results without a consistent pattern regarding
the effect direction of the effect magnitude. Moreover, no meta-analysis of published studies was
identified. Based on these data, there is no recent evidence to suggest a robust, clinically significant
association between pesticide exposure and prematurity in general.

9.3. Somatometrics (Body size metrics)

Numerous studies examined the association between pesticide exposure and growth.

9.3.1.  Birth length / Height

Length at birth and height was assessed in 13 and 8 studies, respectively, contributing 78 separate
comparisons in the database. In the vast majority of the studies, the exposure was assessed through a
biomarker. A large variety of individual pesticides were assessed with DDT metabolites being
assessed more frequently; nevertheless no single pesticide and related biomarker was assessed in more
than 4 studies, thus a quantitative synthesis was not performed.

The largest prospective study (ID CH 073) assessing a North American population born before 1980,
reported that only the highest prenatal concentrations of p,p’-DDE (>60 mg/l), as compared with the
lowest (<15 mg/l), were statistically significantly associated with decreased height at age 7 years
[adjusted coefficient (SE) -2.21 cm (0.67)]. The remaining studies reported conflicting results without
a consistent pattern either towards the effect direction or the effect magnitude. Moreover, no meta-
analysis was identified. Given the large number of analyses these results need cautious interpretation
and, based on these data, there is no recent evidence to suggest a robust, clinically significant
association between pesticide exposure and birth length or height in general.

9.3.2.  Body weight

Twenty-six studies assessed the association between pesticide exposure during pregnancy and birth
weight, contributing 134 separate extracted comparisons in the database. Another 5 studies assessed
the association between pesticide and ponderal index. In a large number of comparisons, the exposure
was assessed through a biomarker. A large variety of individual pesticides were assessed with DDT
metabolites being assessed more frequently (11 studies). Nevertheless no single pesticide and related
biomarker was assessed in more than 4 studies using the same comparison unit, thus a quantitative
synthesis was not performed. The largest prospective study (ID CH 014) was a Agricultural Health
Study (AHS) publication and reported that first-trimester pesticide-related tasks were not associated
with birth weight and that, after multiple analyses, ever use of the pesticide carbaryl was associated
with decreased birth weight (—82 g, 95% CI = —132, —31). The remaining studies reported conflicting
results without a consistent pattern either towards the effect direction or the effect magnitude.
Moreover, no meta-analysis of published studies was identified. We identified though a meta-analysis
of individual participants data from European cohorts which reported that a 1-ug/L increase in p,p’-
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DDE was associated with a 7-g decrease in birth weight (95% CI= -18, 4 g) (Govarts E 2012). Given
the large number of analyses these results need cautious interpretation and, based on these data, there
is no recent evidence to suggest a robust, clinically significant association between pesticide exposure
and birth weight in general.

Twenty-six studies assessed the association between pesticide exposure and body weight at various
time-points after birth, contributing 68 separate extracted comparisons in the database. In almost 85%
of the assessed comparisons, the exposure was assessed through a biomarker. A large variety of
individual pesticides were assessed with DDT metabolites being assessed more frequently (10
studies). Nevertheless no single pesticide and related biomarker was assessed in more than 4 studies
using the same outcome definition, the same time-point for the outcome assessment, the same
pesticide, and the same comparison unit, thus a quantitative synthesis was not performed. The largest
study (ID CH 074) assessing DDT exposure in a Mexican population of boys born in 2002 and 2003,
reported that, overall, associations between prenatal DDE level and Body Mass Index (BMI) at any
given age were not observed and that the predicted values showed that children with the highest
exposure (DDE: 49.00 mg/g) compared to those least exposed (DDE: <3.01 mg/g) grew similarly and
they had a BMI similar to the referent group. The remaining studies reported conflicting results
without a consistent pattern either towards the effect direction or the effect magnitude. Moreover, no
meta-analysis was identified. Given the large number of analyses these results need cautious
interpretation and, based on these data, there is no recent evidence to suggest a robust, clinically
significant association between pesticide exposure and body weight in general.

9.3.3.  Head circumference

Fourteen and three studies assessed the association between pesticide exposure during pregnancy and
head circumference at birth and after birth, respectively, contributing 85 separate extracted
comparisons in the database. In more than two-thirds of the comparisons, the exposure was assessed
through a biomarker. A large variety of individual pesticides were assessed for birth head
circumference, with DDT metabolites being assessed more frequently (7 studies). Nevertheless no
single pesticide and related biomarker was assessed in more than 4 studies using the same comparison
unit, thus a quantitative synthesis was not performed. The largest prospective study (ID CH 026) was
a Generation R study publication which explored associations between maternal occupational
exposure to various chemicals and fetal growth in 4,680 pregnant women participating in this
population-based prospective cohort study in the Netherlands (2002-2006). For fetal head
circumference, only maternal occupational exposure to alkylphenolic compounds showed a
statistically significant lower growth rate (-0.01752 SD per gestational week) compared with non-
exposed mothers, adjusted for potential confounders. The remaining studies reported conflicting
results without a consistent pattern either towards the effect direction or the effect magnitude.
Moreover, no meta-analysis of published studies was identified. Given the large number of analyses
the reported study results need cautious interpretation and, based on these data, there is no recent
evidence to suggest a robust, clinically significant association between pesticide exposure and head
circumference in general.

9.3.4.  Congenital malformations

Five studies examined the association between pesticide exposure and congenital malformations in
general. The largest study (ID CH 002) assessed a Canadian farm population, reported 146 potential
associations, did not yield statistically significant results in the primary analysis and proposed that pre-
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conception exposure to cyanazine (OR =4.99, 95% CI: 1.63-15.27) and dicamba (OR = 2.42, 95% CI:
1.06-5.53) were associated with increased risk of birth defects in male offspring. Nevertheless, given
the number of the available comparisons and the self-reported nature of the exposure and outcomes in
this study, the present findings should be considered with caution. The remaining four retrospective
studies reported conflicting results (ID CH 043, occupational exposure (father), OR: 3.42, 95% CI:
1.97-5.92; ID CH 035, at least one parent exposed, OR = 1.3, 95%CI = 0.4 - 3.9; ID CH 008, HR for
maternal urine metolachor, 95% 0.4-1.4). Given the large number of analyses these results need
cautious interpretation and, based on these data, there is no recent evidence to suggest association
between pesticide exposure and congenital malformations in general.

9.3.5.  Neural tube defects

Identified studies examined associations between pesticide exposure and neural tube defects (N=4
studies), including anencephaly and spina bifida and providing a very large number of reported
analyses between different pesticides and neural tube defects, anencephaly and spina bifida with no
adjustments for multiple testing (average 27 analyses per paper). Out of the 134 extracted analyses, 43
were statistically significantly positively associated with the outcome (of which 14 borderline
significant) but need to be interpreted with caution due to high false positive probability. The range of
different pesticides analysed by each of the 5 studies as well as the varying definitions of pesticide
exposure do not allow for a meaningful quantitative synthesis of the results even using the “any
pesticide” exposure definition since there is also considerable heterogeneity between studies regarding
the exposure period as well as the parent analysed; three studies assessed maternal exposure, one study
assessed paternal exposure and one study both. Previous meta-analyses on neural tube defects and
pesticide exposure have not been identified. Overall, the evidence for pesticides and neural tube
defects is limited and the current state of the most recent literature does not support a robust
association. Of note, the largest study in the field (ID CH 044) investigated whether maternal
residential proximity to applications of specific pesticides or physicochemical groups of pesticides
during early gestation increases the risk of these malformations, included 731 cases and 940 controls
and after reporting 107 different analyses for individual pesticides, pesticide physicochemical
categories and any exposure, no exposure and multiple exposure definitions yielded 15 statistically
significant results without correction for multiple testing and without a particular pattern with regards
to a pesticide category or an additive effect.

9.3.6.  Urogenital malformations

Overall, 19 studies examined urogenital malformations, namely cryptorchidism (n=9) and hypospadias
(n=9).

Cryptorchidism was assessed in nine mostly retrospective studies, of a median sample size of 199
(IQR 136-710). Four studies assessed DDT levels; hexachorobenzene (HCB) and chrordane were
assessed in one study each, while general pesticide exposure was assessed in 2 studies. When we
attempted to investigate the association between exposure to any pesticide and cryptorchidism across
all assessed studies, the observed effect was not statistically significant (OR 1.19, 95% CI 0.96 — 1.49,
12 24%) (Figure 23). Moreover, when we assessed the potential association between DDT exposure
and cryptorchism, we again observed a statistically non-significant association (OR 1.47, 95% ClI
0.98- 2.2, 1 51%) (Figure 24). Given the large number of analyses, these results need cautious
interpretation and, based on these data, there is no recent evidence to suggest a robust, clinically
significant association between any pesticide exposure and cryptorchidism.
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Hypospadias was assessed in 9 mostly retrospective studies, of a median sample size of 784 (IQR 200
- 861). Two studies assessed DDT levels, while general pesticide exposure was assessed in 6 studies.
When we attempted to investigate the association between maternal exposure to any pesticide (during
preconception and pregnancy) and hypospadias across all assessed studies, the observed effect was not
statistically significant (OR 1.02, 95% Cl 0.74 — 1.39, 1> 72%) (Figure 25). When we included in the
analysis the three studies that assessed a specific pesticide (DDT, n=2; chrordane, n=1), we again
observed a statistically non-significant association (OR 1.00, 95% CI 0.84- 1.16, 166%) (Figure 26).
Our systematic review retrieved one meta-analysis including original research published in English
and indexed in PubMed from January 1966 through March 2008 (Rocheleau CM, 2009). Nine studies
published before 2007 met all study inclusion criteria and the authors reported that elevated but
marginally significant risks of hypospadias were associated with maternal occupational exposure
(PRR of 1.36, CI=1.04-1.77), and paternal occupational exposure (PRR of 1.19, CI=1.00-1.41). Due
to the different time-periods for the literature assessment and the resulting minimal overlap between
our review and the published meta-analysis, we were able to synthesize the two efforts and again we
retrieved a statistically non-significant result (OR 1.14, 95% CI 0.84 — 1.55, I 73%). Thus, there is no
recent evidence to suggest a robust, clinically significant association between any pesticide exposure
and cryptorchidism.

9.4. Child health outcomes with few studies

For all the assessed outcomes not included in Table 10, too few studies are available to allow synthesis
of evidence for each outcome alone; these outcomes comprise a vast variety of captured information
ranging from well-defined clinical entities yet with too few studies, such as gastroschisis, cardiac birth
defects, diaphragmatic hernia, and esophageal atresia, as well as a large numbers of metrics pertaining
to broad clinical entities but with a prominent lack of harmonization and standardization in the
outcome definition. For example, outcomes related to neurodevelopment were assessed extensively;
nevertheless the metrics used, ranging from 1Q measurement to perceptual reasoning, deemed any
further attempt towards a quantitative synthesis impossible. Our systematic review did not identify any
previously published meta-analyses on these outcomes to allow for comparisons with previously
published evidence (prior to 2006). Generally the results on these outcomes were of small effect and
not statistically significant with few exceptions. Given the large number of analyses these results need
cautious interpretation and, based on these data, there is no evidence to suggest association between
pesticide exposure and these outcomes.
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Table 10: Assessed outcomes in the field of child health as defined by eligible studies

Health outcome ‘

Abnormal urogenital distance

Body mass index (BMI) Z-score

Increased serum prolactin levels

Abnormal body mass index (BMI)

Body fat percentages (log

Increased serum total testosterone level

transformed)
Abnormal bone age Chordee 1Q
Abnormal breast size Coarctation of the aorta LH dysregulation

Abnormal change of body mass index

Congenital diaphragmatic hernia (CDH)

Low annual height velocity

Abnormal change of height

Congenital heart defects

Major congenital anomalies

Abnormal chest circumference

Congenital malformations

Male genital malformations

Abnormal gestational age

Cretinism

Maternal age

Abnormal head circumference-for-age

Crown-Heel Length

Maternal weight gain

Abnormal height

Cryptorchidism

Miscarriage or stillbirth

Abnormal hip circumference

Decreased inhibin B levels

Musculoskeletal defects

Abnormal length

Decreased serum FSH levels

Neural tube defects

Abnormal ovarian measurements

Decreased serum inhibin B levels

Obesity

Abnormal penis length (stretched)

Decreased serum SHBG levels

Oestradiol dysregulation

Abnormal penis width

Decreased testicular volume

Perceptual Reasoning

Abnormal serum DHT levels

Decreased testosterone levels

Performance 1Q

Abnormal sitting height

Decresed serum LH levels

Ventricular septal defect

Abnormal standing height

Duration of lactation

Placental weight

Abnormal Tanner stage

Esophageal atresia

Placental weight

Abnormal upper arm circumference

Fetal death

Ponderal Index

Abnormal upper arm fold circumference

Fetal head circumference

Ponderal index

Abnormal uterine measurements Fetal length Precocious puberty

Abnormal waist circumference Fetal weight Preeclampsia

Abnormal weight FGR Premature breast development
Abnormal weight-for-length Freedom from distractability Premature oestradiol secretion
Affected breast development FSH dysregulation

Premature puberty onset (pubic hair)

Anal position index

Gastroschisis

Prematurity

Androstendione dysregulation

Gestational age

Processing speed

Anencephaly

Gynecomastia

Rapid infant weight gain

Anti-mullerian hormone dysregulation Head Circumference SGA
APGAR 1-minute score Hypospadias SHC
APGAR 5-minute score Idiopathic precocious puberty Spina bifida

Atrioventricular septal defect

Increased FSH levels

Sum of four skin folds

Birth head circumference

Increased levels of SHBG

Testosterone dysregulation
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Birth height

Increased ratio LH/testosterone

Tetralogy of Fallot

Birth Weight

Increased serum AMH levels

Transposition of the great arteries

age

Birth weight, adjusted for gestational

Increased  serum  androstenedione
levels

Verbal comprehension

BMI

Increased serum DHEAS levels
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Table 11: Summary of studies identified per outcome subgroup with more than 4 e ok AETFYUAE  FEOA YT Y S AREE
studies (NA: not available)
Fe RIEAIE
Outcome N studies Meta-analysis Previous meta-analysis result oty 5 No A
done
_____________________Jone | P
Congenital PREAE PSR 4 No NA
malformations WREFHGR DY 19 Yes JRIE T2 fFOMEEIE % RR 1.36 ;
General 5 No NA 95%CI 1.04-1.77) K ORIF ORI #&
Neural tube 4 No NA (RR 1.19 5 95%CI 1.00-1. 41)
defe_cts _ I 40 No NA
Urogenital 19 Yes Hypospadias: maternal
malformations occupational exposure (RR 1.36; EE
95% Cl 1.04-1.77), and paternal R/ HENE 21 No NA
occupational exposure (RR 1.19; e —
95% CI 1.00-1.41) [ 26 No HERHAER (3—o v "0 120ak— b4
Development 40 No NA KG L LI OBMEDT =B X 2T )Y
Growth T A) :p,p -DDE D 1pg/L HMNIE, ik
Height/Birth 21 No NA (R D Tg Jirb & B LTz (95%CT : -
length 18. 4¢)
Weight 26 No Birth weight (individual -
participants’ data meta-analysis S 1 No NA
of 12 European cohorts): A 1- TR BRI 9 No NA
ug/L increase in p,p’-DDE was
associated with a 7-g decrease in
birth weight (95% CI: -18, 4 g).
Head 17 No NA
circumference
Sexual maturation 9 No NA
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D OR (95% Cl)
CH 050 —o—— 1.06 (0.57, 1.97)
CH 055 1.34 (0.30, 5.99)
CH 057 0.49 (0.17, 1.41)
CH 060 —-—o— 2.17(0.96, 4.91)
CH 061 1.16 (0.35, 3.84)
CH 062 ~—o— 2.10 (1.14, 3.87)
CH 065 _0‘—%— 0.95 (0.55, 1.64)
CH 033 - 1.14(1.09, 1.19)
Overall (I-squared = 23.9%, p = 0.239) <> 1.19 (0.96, 1.48)
NOTE: Weights are from random effects analysis 3

T 1

5 1 15 2
Figure 23: Random effects meta-analysis for studies with information on pesticide
exposure and risk of cryptorchidism
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Figure 24: Random effects meta-analysis for studies with information on DDT exposure

and risk of cryptorchidism
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Study
[} OR (95% CI)
CHI 049 _— 0,90 (0.20, 4.05)
CHI 051 —_— 1,05 (0.7, 1.43)
CHI 053 —_—— 322 (1.64,6.33)
CHI 054 —— 0.78 (0.61, 1.00)
CHI 057 042(0.05,353)
CHI 058 - 082 (0.70, 0.9)
Overall (I-squared = 71.5%, p = 0.004) 102 (0.74, 1.39)
NOTE: Weights are from random effects analysis

T T T

Figure 25: Random effects meta-analysis for studies with information on general
pesticide exposure and risk of hypospadias
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Study
ID OR (95% CI)
CHI 049 —"— 0.90 (0.20, 4.05)
CHI 051 k8 1.05(0.77, 1.43)
CHI 052 . 1.00 (0.99, 1.01)
CHI 053 — 3.22(1.64, 6.33)
CHI 054 — 0.78 (0.61, 1.00)
CHI 057 ! 0.42 (0.05, 3.53)
CHI 058 - 0.82 (0.70, 0.96)
CHI 063 —_—t 1.81 (0.47, 6.97)
CHI 065 —t 1.24 (0.69, 2.23)
Overall (I-squared = 65.9%, p = 0.003) 1.00 (0.84, 1.19)
NOTE: Weights are from random effects analysis

T T
5 1152

Figure 26: Random effects meta-analysis for studies with information on general
pesticide exposure and risk of hypospadias, including studies on specific pesticides
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10. Reproductive diseases

Overall, 63 publications examined the effect of pesticide exposure on child health outcomes (median
sample size: 299; IQR 111-544), contributing 578 separate analyses in the data extraction database.
More than one third of the analyses (n=217, 38%) assess the sperm/semen quality, whereas other
cluster of studies/analyses examine among others reproductive related hormones, infertily and
spontaneous abortion As seen with other outcomes, the diversity of the exposure definition is
remarkable and poses special challenges to data synthesis. Only 4 out of the 64 were prospective
cohort studies whereas the vast majority of the studies were cross sectional (n=45, 70%). The sample
size in the reported analyses was rather small; it ranged between 41 and 29,649 participants (median
161) and the largest studies in the domain are smaller than the largest studies assessed in the cancer
field. Here, we observed a cluster of publications coming from INUENDO (INUit-ENDOcrine)
research group (n=8), a project that has been established in three European countries together with a
population of Inuits from Greenland and aims to enlighten the impact of Persistent Organic Pollutants
(POPs) on human reproductive function. Almost 2/3 of the studies were conducted in Europe and
America (n=22 and 20 respectively). Twenty-two studies assessed occupational exposures and, in
addition, more than half of the studies had information on biomarkers of exposure (n=38, 59%), 3
studies assessed occupational exposure through Job Exposure Matrix (JEM), whereas 2 studies used
both questionnaires and biomarkers. The different outcome categories examined are presented in
Table 12 along with the number of studies contributing to each outcome category and a decision on
quantitative synthesis. Due to heterogeneity of data, statistical synthesis of the data (meta-analysis)
was only performed for abortion.

10.1. Impaired sperm parameters

Twenty-five studies (median 189: IQR 87-336) assessed the association of pesticides on sperm/semen
quality using a variety of outcomes. The total analyses conducted for these outcomes are 217 and the
sample size of the conducted analyses is small ranging from 41 to 763. The largest study is a
European cross-sectional study from INDUENDO research group (ID RPD 009) and assess the impact
of p,p’-DDE to sperm concentration, sperm motility and sperm morphology and showed that the
sperm motility was negatively associated with p,p’-DDE across the four populations under study.
Another large study from the same group (ID RPD 012) did not provide evidence that Persistent
Organic Pollutants (POPs) may interfere with male reproductive function. Even though a large number
analyses have been conducted no single pesticide and related biomarker was assessed in more than 4
studies using the same comparison unit and analysis, thus a quantitative synthesis was not performed.

10.2. Fecundability disorders

Eight studies including 30 different analyses assess the effect of pesticides on low fecundability. The
sample sizes are rather small ranging from 41 to 2,365 participants. Different effect sizes and analyses
are used for the assessment of potential associations therefore the synthesis of the results through
meta-analysis is not feasible. The largest study (ID RPD 038) that examined pesticide exposure of
female greenhouse farm workers reported a reduced fecundability (OR=0.68, 95% CI=0.49-0.94).
However the second largest study in the field (ID RPD 034) on female greenhouse farm workers did
not shown a significant association (OR=1.11, 95%CI=0.96-1.29). Fourteen additional analyses did
not report significant findings; therefore the evidence is contradictory in the field.
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10.3. Spontaneous abortion

Ten studies of spontaneous abortion focused on occupational exposure. We were able to synthesize
data from six studies that provided an effect estimate and a metric of its variation. The summary OR
was 1.52 (95%: 1.09-2.13) using random effects models and large heterogeneity was observed
(1”=63%) (Figure 27). However, the largest cross-sectional study on this outcome conducted by the
INUENDO research group (ID RPD 003) did not shown any statistical effect (OR=1) between p,p’-
DDE and abortion. One more study compared full-time vs. part time farming and did not report a
significant association (p-value=0.99). Three other studies did not provide adequate information for
their inclusion in the meta-analysis.

10.4. Reproductive hormones

Nineteen studies (median sample size 257: IQR 97-322) contributing with 250 analyses for various
reproductive hormones were identified in this systematic review. The studies were comparable to the
other large group of impaired sperm parameters sample size-wise; their range was from 62 to 887.
The largest study is a European cross-sectional study that assess the effect of hexachlorobenzene on
the levels of testosterone and estradiol. Hormonal status of 14- to 15- year-old male adolescents was
studies in relation to internal exposure to pollutants. The study shows that the exposure is associated
with substantial differences in hormone concentrations. Different patterns were observed in study
conducted by the INUENDO research group where the overall analysis between DDE and
reproductive related hormones did not reveal any significant results. However in center-specific
analysis, gonadotropin levels and sex-hormone-binding globulin seem to be affected by exposure on
p,p’-DDE supporting substantial variations between different populations. The large variety of
outcomes and pesticides assessed did not allow for any quantitative synthesis of the data.

10.5. Reproductive outcomes with few studies

For all the assessed outcomes not included in Table 12, assessment of menstrual cycles cannot allow
synthesis of the available evidence. Our systematic review did not identify any previously published
meta-analyses on these outcomes to allow for comparisons with previously published evidence (prior
to 2006). Results on different menstrual outcomes showed that it is unlikely that exposure to DDE is a
main cause of menstrual disturbances.
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Table 12: Summary of studies identified per outcome subgroup with more than 4 studies (NA: FIFRTT)
not available)
- - - - ¥E LS AETFYVVAEM  MEAOAZTFY VAR
Outcome (Ixj/l;;z—analysns Previous meta-analysis result WTREESS s 25 Yo A
Impaired sperm 25 No NA AEERERE 8 No NA
param:tgrls R 10 Yes NA
Fecundability 8 No NA N
disorders AR VE 19 No NA
Abortion 10 Yes NA
Reproductive 19 No NA
hormones
Sty
o OR (95% C1)
Study RPD 001 __‘,'_- 160 [0 70, 168
R0 00 —_— 100 [0 78, 1.27)
D OR (95% Cl) H
P 005 _ 188 (1 18, 3200)
! P 006 —-I-—-— 250 (116, 5.40)
RPD 001 —_— 1.60 (0.70, 3.68) H
| RPD 002 ——I—!— 115070, 168)
RPD 003 —_— 3 1.00(0.78, 1.27) '
: RPD 008 —-—-— 267124, 555
RPD 005 _%_°_ 1.88 (118, 3.00) Cvernll (1-squared = 63 1%, p=0.019) Q 142 (109,217
RPD 006 —i—o— 2.50 (1.16, 5.40) I
3 HOTE Wasghts are feom mndom effects analyss |
RPD 032 —t 1.15(0.79, 1.68) T T T
: 3 1 2 4
RPD 038 —%—0— 2.62 (1.24, 5.55)
Overall (I-squared = 63.1%, p = 0.019) @ 1.52 (1.09, 2.13) . . . . .
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NOTE: Weights are from random effects analysis %
s 1 2 i
Figure 27: Random effects meta-analysis for studies with information on pesticide exposure and
risk of abortion
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11 Neurological diseases

Overall, 60 publications examined the effect of pesticide exposure on neurological outcomes (median
sample size: 390; IQR 246-781), contributing 573 separate analyses in the data extraction database.
More than thirty health-related outcomes were assessed with the largest proportion focusing on
Parkinson’s disease with 32 studies (Table 13). As seen with other outcomes, the diversity of the
exposure definition is remarkable and poses special challenges to data synthesis. Only 8 out of the 60
were prospective cohort studies and other 2 were nested case-controls; the majority of evidence comes
from retrospective case-control analyses, which are prone to recall bias in exposure measurement. The
sample size in the reported analyses was often small; it ranged between 46 and 143,325 participants
(median 390) and the largest studies in the domain are smaller than the largest studies assessed in the
cancer field. Here, we also observed large clusters of publications coming from large, well-known
studies in the field, such as the Agricultural Health Study (AHS), while 43 studies assessed
occupational exposures. In addition, the presence of studies with information on biomarkers of
exposure was far less prominent here (n=7, 12%). The different outcome categories examined are
presented in Table 13; due to the small number of studies identified per assessed outcome, statistical
synthesis of the data (meta-analysis) was only performed for Parkinson’s disease and amyotrophic
lateral sclerosis.

11.1. Parkinson’s disease

Thirty-two studies assessed the association between pesticide exposure and Parkinson’s disease with a
median sample size of 399 (IQR 286-711), contributing 266 separate extracted comparisons in the
database. Eighty percent of the retrieved studies assessed occupational exposures, only 10% were
prospective and the exposure was assessed through a biomarker in a small number of studies (10%).
A large variety of individual pesticides were assessed with the following pesticides being assessed
more frequently: general pesticide (28 studies), as well as DDT (5 studies), paraquat (9 studies).

We initially assessed the association between general pesticide use and Parkinson’s disease. The
observed effect indicated a statistically significant association with the presence of considerable
heterogeneity (random-effects OR 1.58, 95% CI 1.35 — 2.85, 1? 61%) (Figure 28). With the exception
of four studies where specific pesticides were assessed (e.g. paraquat), all the other studies assessed
mainly occupational general pesticide use in mainly a retrospective fashion via a questionnaire. The
results of the meta-analysis are in accordance with the largest studies on that research question.

We then proceeded to assess the association between DDT exposure and Parkinson’s disease. The
observed effect indicated a non-statistically significant association without the presence of
heterogeneity (random-effects OR=1.01, 95% C1=0.78-1.30, 1°=0%) (Figure 29). Finally, we assessed
the association between paraquat exposure and Parkinson’s disease. The observed effect indicated a
statistically significant association with the presence of moderate heterogeneity (random-effects
OR=1.32, 95% CI=1.10-1.60, 1>=34%) (Figure 30). The results of the meta-analysis are in accordance
with the largest studies on these research questions.

Our literature search yielded 7 systematic reviews and/or meta-analyses on the association between
pesticide exposure and Parkinson’s disease published from 2000 to 2013 (Pezzoli 2013, Van-Maele
Fabry 2012, van der Mark 2012, Dick 2006, Priyadarshi 2001, Priyadarshi 2000, Allen 2013). Despite
the considerable time interval between the oldest and most recent research synthesis effort and the
different methodologies endorsed (prospective studies only assessed, methodological assessment of

EFSA supporting publication 2013:EN-497 62

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E. Tzoulaki | Pesticide epidemiology

11. iRER

AR TIL 60 O CAVEIIE S BOMREMH BT THREFEL TBY (BT v X
i : 390, IQR 246-781) . F—ZHitHT — & X— A TlE 573 HEOMEBIIH 2 TA T, 30 LLE O
BIE ANl SN TR Y | S—F 0V URICEAE Y TN R b 2L 32 b -7 (F13) . il
OEBIROND LI, ELBOEROSHEMEICIIEEZRED LORH Y | 7 — XA ICFR 7
BEHZTWD, 60 1ED 5 5 8 EDOZAHIA & 2R — MIFJET, 780 O 2 fhig = — h NIER* IR
FTholz, MESNTZHICEBIT DT T A4 T LIELIZNES L SMFEHIL 46~143,325 A
(PRl 390 N) THY . ZOFEBICIIT DR KOMZEIL, DA E CiHMli Sz KOFEL Y &
NS T o7, T 2T, B EREETHA (Agricultural Health Study : AHS) O X 9 72 Z D4 B K
B CTESMBNEMENSDLL DO E L £ LB SN, —J7 T 43 (FOBFE 1 1T
SBERFML TV, E0IC IEL BONAA A~ — I —IZHT D IEHREFFOMEROEEIL, 2 2 Tidkd
Y Mol (027, 12%) o SN EEL T T —%F 13187, iSRRI L1
[ SOOI DI T2 | T —Z OFFHH S (A Z T U v R) 1 J3—F 0 95 L 2=
PERISRIEALAE |2 ST O B3 Sz,

11.1 R—=F >V 95K

BIRIEBEE RS—F 0 U & OB AT LIZBFEIE820E S 0 L u T A X R 123991
(IQR 286-T11) T, 7 — & ~_X—A(T{X266{F D LA STV 5D, R SN TIFIED80% ITMk T
< WA LTV, B BRI D20 0% T, XL B A A~ — I — &2 L TR L7205
FHCh o7 (10%) o il 4 ORIEOFMITLIL Tz o 7228, —fki7e i3I8 (287F) | DDT (5f4) |
RTa— b (9fF) 7p &SN XY BEEICEH S h T,

FFP. ROV DOFH & —F Y U & OBEZ T L7z, BERSNIZBRIE, 2R O
—PERTEE L, HRHICHERM# 2R L2 (T4 L% H0R 1,58, 95%CI 1.35~2.85, 12 61%)
(12 28) . FFEDREMEATM LIZ 4 SOBF%E (B : /37 20— R) ZBRNT, o3 TOHFZETIL,
FIZERMIC L 2% AME 2T, RICHE Eo— A2 EEEREZFML T\ b, 247 F Y v
ADOFERIE, T OO T HIRAROMHIEL —F LTV D,

WIZ, DDTIELS B & =% 2 Y U & OB A G L 7o, BER SN2 Bid, RE—MofFER LIC
AN E TN D EDVRENT (T 2 LEHHO0R=1. 01, 95%C1=0. 78-1. 30, 12=0%) ([X29) ,
Btz NT a— MECHE L S—F 0 Y U & OBIEARHI L7z, B2 Shizhi i, PEEORE—
PEDTFAE F CHEHOICHZ 2B 47 L7z (T 0 & L% H0R=1. 32, 95%CI=1.10-1. 60, 12=34%) (I
30) o AZTFUTADRERIT, T OWIEIEICEE T D R ARBUROMIE L —E L T3,

Fox OCEBEE TIX, 20004500 H20134E E TICRZ SN BEIELS T L S—F 0 Y Ui & OR#EIC
32720V AT<T 4 v 7 LEa— RO ETIZA XTI Y v ARELR (Pezzoli 2013, Van-
Maele Fabry 2012, van der Mark 2012, Dick 2006, Priyadarshi 2001, Priyadarshi 2000, Allen
2013) o WFZEREE O il VY 2 & BT O Y 4T & D3 e ORERIIING, E7z. Fikin i
ZWIED L OFHM . B TED F LRI 72 £) DOEVIZ S 0b b fERITA X T Y Ak
T—HLTHEY, 2006005 DBEOH|Y) AL b—HLTWD (F14) |

EFSA SCB AR 2013:EN-497 62

988



Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E, Tzoulaki | Pesticide epidemiology

the included studies, etc.), the results are consistent across the meta-analyses and are also consistent
with the present effort spanning from 2006 (Table 14).

11.2.  Amyotrophic lateral sclerosis (ALS)

Seven studies assessed the association between pesticide exposure and amyotrophic lateral sclerosis
with a median sample size of 356 (IQR 201-1156), contributing 11 separate extracted comparisons in
the database. All the retrieved studies assessed occupational exposures, while 4 also assessed
residential exposure. Only one study was prospective and the exposure was assessed through a
questionnaire in most of the studies (n=6).

We assessed the association between general pesticide use and ALS. The observed effect indicated a
statistically significant association with the presence of small heterogeneity (fixed-effects OR=1.58,
95% Cl=1.31 — 1.90, I> 10%) (Figure 31) and the results of the meta-analysis are in accordance with
the largest studies on that research question.

Our literature search yielded 2 systematic reviews and/or meta-analyses on the association between
pesticide exposure and ALS published in 2012 (Kamel 2012, Malek 2012). Regarding these efforts,
the results are consistent with our findings and the authors’ report of evidence on an association of
exposure to pesticides and risk of ALS in male cases compared to controls (OR=1.88, 95% CI: 1.36-
2.61), although the chemical or class of pesticide was not specified by the majority of studies.

11.3. Neurological outcomes with few studies

With the exception of Parkinson’s disease and amyotrophic lateral sclerosis, for all the remaining
neurological outcomes, too few studies are available after 2006 to allow synthesis of evidence for each
outcome alone; these outcomes comprise a vast variety of captured information ranging from well-
defined clinical entities yet with too few studies, such as hearing loss or diabetic neuropathy, as well
as a large number of metrics pertaining to neurological endophenotypes but with a prominent lack of
harmonization and standardization in the outcome definition. Our systematic review did not identify
any previously published meta-analyses on these outcomes to allow for comparisons with previously
published evidence (prior to 2006). Generally the results on these outcomes were of small effect and
not statistically significant with few exceptions. Given the large number of analyses these results need
cautious interpretation and, based on these data, there is no evidence to suggest association between
pesticide exposure and these outcomes.
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Figure 28: Random effects meta-analysis for studies with information on any pesticide
exposure and risk of Parkinson’s disease (study with ID NRD 033, specifically assessed

hexachlorobenzene)
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Figure 29: Fixed-effects meta-analysis for studies with information on exposure and risk
of Parkinson’s disease
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Figure 30: Fixed-effects meta-analysis for studies with information on paraquat
exposure and risk of Parkinson’s disease
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Figure 31: Fixed-effects meta-analysis for studies with information on general pesticide

exposure and risk of amyotrophic lateral sclerosis
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12. Endocrine diseases

Overall, 35 publications examined the effect of pesticide exposure on thyroid hormone dysregulation
(median sample size: 226; IQR 130-453), contributing 343 separate analyses in the data extraction
database. The main outcomes assessed were thyroxin (T4), triiodothyronine (T3) and thyroid
stimulating hormone (TSH) levels. Only 3 prospective cohort studies were conducted in the field; the
majority of evidence comes from retrospective case-control or cross-sectional analyses, which are
prone to recall bias in exposure measurement. The sample size in the reported analyses was often
small; it ranged between 27 and 16,529 participants (median 341). Here, we observed no large clusters
of publications coming from large, well-known studies in the field, while the vast majority of the
studies assessed environmental exposures (n=28, 80%). However, the presence of studies with
information on biomarkers of exposure was more prominent here (n=29, 83%). Even though
hypothyroidism, hyperthyroidism and other thyroid diseases contribute with more than 1/3 of the total
analyses (n=123) the available evidence derives from Agricultural Health Study (AHS) which
apparently is the largest in the field and examines the association between pesticide use and thyroid
diseases in females. The study found an association between hypothyroidism and ever use of
organochlorine insecticides (OR=1.2, 95% Cl= 1.0-16) and fungicides (OR=1.4, 95% Cl= 1.1-1.8).
However, the results should be interpreted with caution due to borderline significance levels and
absence of type-1 error corrections due to multiple comparisons. Other studies in the field assessing
several thyroid hormone levels are quite smaller and provide contradictory results. As seen with other
outcomes, the diversity of the exposure definition is remarkable and poses special challenges to data
synthesis. Due to heterogeneity of data and different analyses, effect sizes and metrics provided,
statistical synthesis of the data (meta-analysis) was not performed.
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13. Mental and psychomotor development outcomes

Overall, 32 publications examined the effect of pesticide exposure on mental and psychomotor
development outcomes in pediatric populations (median sample size: 238, IQR 109-305), contributing
462 separate analyses in the data extraction database. Only one study was performed in a population
of non-European (Asian) ancestry, while seventeen health-related outcomes were assessed with a large
proportion focusing on attention-deficit hyperactivity disorder (ADHD, 6 studies, 102 analyses). As
seen with other outcomes, the diversity of the exposure definition is considerable and poses special
challenges to data synthesis. A large majority of the studies (23 publications, 72%) referred to
prospective cohort studies, while the sample size in the reported analyses was often small; it ranged
between 25 and 7,440 participants with the largest study assessing retrospectively maternal residence
near agricultural pesticide applications and autism spectrum disorders among children in the California
Central Valley. Here, we also observed clusters of publications coming from large, well-known studies
in the field, such as the CHAMACOS (The Center for Health Assessment of Mothers and Children of
Salinas) (5 publications), while 84% of the studies assessed environmental exposures. In addition, the
presence of studies with information on biomarkers of exposure was prominent here (n=28, 88%). The
different outcome categories examined are presented in Table 15 along with the number of studies
contributing to each outcome category and a decision on quantitative synthesis. Due to heterogeneity
of data and small number of studies identified, no statistical synthesis of the data (meta-analysis) was
performed for any outcome.

13.1. Mental and psychomotor development outcomes with few studies

With the exception of mental and psychomotor development and Attention-deficit hyperactivity
disorder (ADHD), for all the remaining assessed outcomes included in Table 15, too few studies are
available to allow synthesis of evidence for each outcome alone; these outcomes comprise a variety of
captured information ranging from well-defined clinical entities yet with too few studies, such as
autism, or pervasive developmental disorder, as well as a vast number of outcomes representing
neurodevelopmental endo-phenotypes such as communication, fine and gross motor development or
expressive language development. Our systematic review did not identify any previously published
meta-analyses on these outcomes to allow for comparisons with previously published evidence (prior
to 2006). Generally the results on these outcomes were of small effect and not statistically significant
with few exceptions. Given the large number of analyses and the small number of studies and sample
sizes, these results need cautious interpretation and, based on these data, there is no evidence to
suggest a robust association between pesticide exposure and these outcomes.

13.2.  Attention-deficit hyperactivity disorder (ADHD)

Six studies assessed the association between pesticide exposure and ADHD with a sample size ranging
from 278 to 2,539 participants, contributing 102 separate extracted comparisons in the database. Three
studies were cohorts, all assessed environmental exposure and in all the exposure was assessed
through a biomarker. General organophosphate exposure was assessed in three studies, DDT exposure
in two studies, while trans-nonachlor, hexachlorobenzene, and 2,4,6-Trichlorophenol (TCP) were
assessed in one study each. Thus, no single pesticide and related biomarker was assessed in more than
4 studies using comparable outcome definitions or the same comparison unit, thus a quantitative
synthesis was not performed. The largest study in the field is a National Health and Nutrition
Examination Survey (NHANES) report (ID 17) used data from the 1999-2004 NHANES to evaluate
the association between urinary trichlorophenols (TCPs) and parent-reported ADHD among 2546
children aged 6-15 years. The authors report that children with low levels (<3.58 mg/g) and high levels
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(>3.58 mg/g) of urinary 2,4,6-Trichlorophenol (TCP) had a higher risk of parent-reported ADHD
compared to children with levels below the limit of detection (OR 1.54, 95% CI 0.97 to 2.43 and OR
1.77,95% CI 1.18 to 2.66, respectively; p for trend=0.006) after adjusting for covariates.

Our systematic review did not identify any previously published meta-analyses on ADHD to allow for
comparisons with previously published evidence (prior to 2006). Generally the results on ADHD were
of small effect and not statistically significant with few exceptions. Thus, given the large number of
analyses these results need cautious interpretation and, based on these data, there is no evidence to
suggest association between pesticide exposure and ADHD.

13.3. Neurodevelopment

Thirty-one studies assessed the association between pesticide exposure and aspects of
neurodevelopment with a sample size ranging from 25 to 1,041 contributing 325 separate extracted
comparisons in the database. Only one study assessed neurodevelopmental aspects in Asian children;
all the rest pertained to populations of European ancestry. Seventy-four percent of the studies were
cohort studies and, in 27 studies the exposure was assessed through a biomarker. A large variety of
individual pesticides were assessed with the general category of organophosphate pesticides being
assessed more frequently (Table 16). No single pesticide and related biomarker was assessed in more
than 4 studies using comparable outcome definitions or the same comparison unit, thus a quantitative
synthesis was not performed. Actually, the assessment of neurodevelopment, as seen for cognitive
function, is another typical example of a general outcome category where the multiplicity and
complexity of the 35 tools and sub-tools used (Table 17) renders the attempt to systematically and
quantitatively synthesize the results of the published literature fruitless.

The largest study in the field is a Collaborative Perinatal Project report (ID MPD 029) assessing in-
utero exposure to dichlorodiphenyltrichloroethane and cognitive development among infants and
school-aged children. The authors report that although levels of DDT and DDE were relatively high in
this population (median DDT concentration, 8.9 g/L; DDE, 24.5 g/L), neither were related to Mental
or Psychomotor Development scores on the Bayley Scales nor to Full-Scale Intelligence Quotient at 7
years of age.

Our systematic review did not identify any previously published meta-analyses on these outcomes to
allow for comparisons with previously published evidence (prior to 2006). Generally the results on
neurodevelopmental outcomes were of small effect and not statistically significant with few
exceptions. Thus, given the large number of analyses these results need cautious interpretation and,
based on these data, there is no evidence to suggest association between pesticide exposure and these
outcomes.

Table 15: Summary of studies and mental and psychomotor development outcomes
Outcome group N analyses \
102
Attention Deficit Hyperactivity Disorder (ADHD)
Autism 2
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Intelligence Quotient (1Q) 13

Learning disability 4

Cognitive disorders 20

Mental and psychomotor development 318

Pervasive developmental disorder 3
Table 16: Pesticides assessed in neurodevelopmental aspects

Pesticide assessed N analyses \

DDT

Chlordecone

Chlorpyrifos

Hexachlorobenzene (HCB)

Insecticides

Malathion

Mirex

Organochlorine pesticides

Organophosphate and carbamate pesticide

Organophosphate pesticides 115

Pesticides

Piperonyl butoxide
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Table 17: Outcome definitions and tools used in the 31 studies assessing neurodevelopment

Outcome definition / Tool used

Accuracy, impulse control

Ages and Stages Questionnaire

Behavioral Assessment and Research System (BARS)
Bayley Psychomotor Development Index Scales for Infants
Bayley Mental Development Index Scales for Infants
Beery-Buktenica VMI developmental test

Benton Visual Retention Test (BVRT)

Box test

Brazelton neonatal behavioral assessment
Brunet-Lezine scale of psychomotor development
Children's Memory Scale

combining the Picture

Completion, Codin

Continuous Performance Test (CPT)

Digit Span

Fagan test of infant intelligence (FTII)

Finger Tapping Task

Gesell Developmental Schedules
Graham-Rosenblith test

Griffiths Mental Developmental Scale

Hit reaction time

Large-pellet test

McCarthy Scales of Children’s Abilities

Mullen Scales of Early Learning: AGS Ed
Performance on Continuous Performance Test (CPT)
Raven Test

Santa Ana Form Board

Score in Lincoln-Oseretsky Motor

Small-pellet test

Stanford-Binet Copying Test

Teller visual Acuity Card (TAC) test

Trail Making

University of California Berkeley Preferential Looking Test
Wechsler Intelligence Scale for children

Wisconsin Card Sorting Test
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K17 : RBEELTMET 5 31 OMRETHA S hRBOERL Y —1
PEOER - BRY—1

TERer:, EEHIE [Accuracy, impulse control]

AEf - BeBERIOELRIME [Ages and Stages Questionnaire]

ITENGEIAFZE S 27 2 [Behavioral Assessment and Research System (BARS)]
FLENED T2 DAY —FiphiE Bl R E R OVUE [Bayley Psychomotor Development Index Scales for
Infants]

IR DT DDA Y —hE R EEUE [Bayley Mental Development Index Scales for Infants]
R7 Y —T 77 =7 WI FEEMRA [Beery-Buktenica VMI developmental test]

Ny kRS [Benton Visual Retention Test (BVRT)]

Ry A7 Ak [Box test]

77BNk HAENATERHE [Brazelton neonatal behavioral assessmen]

TV e LY U REER)JE R ¥ [Brunet-Lezine scale of psychomotor development]
NEOFESIRE [Children’ s Memory Scalel

A A— Vs [Combining the Picture]

58k, Codin [Completion, Codin]

Ffgif)/ X7 4 —~ A7 Ak [Continuous Performance Test (CPT)]

S [Digit Span]

7y —HrT A b FLIEMAE) [Fagan test of infant intelligence (FTII)]

T4 H—=H B A2 [Finger Tapping Task]

Y NIEEA Y 22—/ [Gesell Developmental Schedules]

7 I mm—E 7Yy Mif [Graham-Rosenblith test]

7 7 4 ZNERFEERJE [Griffiths Mental Developmental Scale]

b UG [Hit reaction time]

KAV > MREE [Large-pellet test]

< = —D/NREESIRE [McCarthy Scales of Children’ s Abilities]

FEEE O Mullen A7 —/L 2 AGS Ed [Mullen Scales of Early Learning: AGS Ed]

RGN X7k —~ v AR (CPT) O/37 4 —~ 2 A [Performance on Continuous Performance Test]

L—17 U [Raven Test]

Santa Ana Form Board

Lincoln-Oseretsky Motor A =27 [Score in Lincoln-Oseretsky Motor]

NI L MEREE [Small-pellet test]

AR T 4 — RER—a E—fi# [Stanford-Binet Copying Test]

T 7 —WSH— R (TAC) i [Teller visual Acuity Card (TAC) test]

ML AIVAALF Y [Trail Making]

HY T FI=T REFEN—7 L— D&M T A b [University of California Berkeley Preferential
Looking Test]

7 = 7 AT —/NEFIEEMRA [Wechsler Intelligence Scale for children]

7 Ay — R T A b [Wisconsin Card Sorting Test]
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14. Respiratory diseases

Overall, 29 publications examined the effect of pesticide exposure on respiratory outcomes (median
sample size: 249, IQR 126-1728), contributing 399 separate analyses in the data extraction database.
Sixty-seven percent came from Europe and America, while ten health-related outcomes were assessed
with a large proportion focusing on asthma (N=9). As seen with other outcomes, the diversity of the
exposure definition is considerable and poses special challenges to data synthesis. Only 6 out of the 29
publications referred to prospective cohort studies and 12 were cross-sectional studies. The sample
size in the reported analyses was often small; it ranged between 35 and 47,756 participants with the
largest study being the Singapore Chinese Health Study. Here, we also observed large clusters of
publications coming from large, well-known studies in the field, such as the AHS (6 publications),
while 17 studies (68%) assessed occupational exposures. In addition, the presence of studies with
information on biomarkers of exposure was less prominent here (N=8, 34%) while 1 study assessed
occupational exposure through JEM. The different outcome categories examined are presented in
Table 18 along with the number of studies contributing to each outcome category and a decision on
quantitative synthesis. Due to heterogeneity of data and small number of studies identified, statistical
synthesis of the data (meta-analysis) was only performed for asthma.

14.1. Respiratory outcomes with few studies

With the exception of asthma, for all the remaining assessed outcomes included in Table 18, too few
studies are available to allow synthesis of evidence for each outcome alone; these outcomes comprise
a variety of captured information ranging from well-defined clinical entities yet with too few studies,
such as idiopathic pulmonary fibrosis, or sarcoidosis, as well as a numbers of biomarkers such as
forced expiratory volume (FEV). Our systematic review did not identify any previously published
meta-analyses on these outcomes to allow for comparisons with previously published evidence (prior
to 2006). Generally the results on these outcomes were of small effect and not statistically significant
with few exceptions. Given the large number of analyses and the fact that most of the results come
from the Agricultural Health Study (AHS), these results need cautious interpretation and, based on
these data, there is no evidence to suggest a robust association between pesticide exposure and these
outcomes.

14.2. Asthma

Nine studies assessed the association between pesticide exposure and asthma with a median sample
size of 402 (IQR 127-724), contributing 196 separate extracted comparisons in the database. More
than half of the studies were cross-sectional and in more than two-thirds of the studies, the exposure
was assessed through a questionnaire. A large variety of individual pesticides were assessed with
DDT, paraquat and chlorpyrifos being assessed more frequently. With the exception of DDT,
chlorpyrifos and paraquat (Table 19), no other single pesticide and related biomarker was assessed in
more than 4 studies using the same comparison unit, thus a quantitative synthesis was not performed.

When we attempted to investigate the association between exposure to DDT and asthma across the 5
available studies, the observed effect was statistically significant without indications of heterogeneity
(OR 1.29, 95% CI 1.14 — 1.45, I> 0%) (Figure 32). We then attempted to investigate the association
between exposure to paraquat and asthma across the 6 available studies and the observed effect was
not statistically significant with indications of heterogeneity (OR=1.40, 95%C1=0.95-2.06, 1>=53%)
(Figure 33). We finally attempted to investigate the association between exposure to chlorpyrifos and
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— . — # 18 : IRBRELOWL L FEOELD (VA: L)
asthma across the 5 available studies and the observed effect was not statistically significant without -2 BFEdk AZTFYVRAER  LDMCRBRSNEAZT
indications of heterogeneity (OR= 1.03, 95% CI= 0.82-1.28, I>=0%) (Figure 34). We caution that the FYTR
meta-analyses results are largely driven by the AHS; in the meta-analyses 4 entries belong to the AHS % 9 No N/A
as the results were separately reported for men and women and for allergic and non-allergic asthma. ‘%
We also acknowledge that the results of the meta-analyses are restricted to data published after 2006. BELE 1 No N/A
We thus conclude that for DDT, but not for chlorpyrifos and paraquat, there is recent evidence to R 2 No N/A
suggest a statistically significant, moderate association between exposure to this pesticides and 1 Fb4 (FEVL) 1 No N/A
asthma.
FEV1 / B3 7)MENiE & (FVC) 2 No N/A
it 9 Yes N/A
Table 18: Summary of studies and outcomes in the field of respiratory medicine (N/A: not S % 5 No N/A
available, E
) IR 2% 2 No N/A
Outcome Group N Meta-analysis Previous published RGBT 2 No N/A
studies performed meta-analysis Praf R— R 1 No N/A
SLH PN 2 No N/A
Cough 2 No N/A
Breathlessness 1 No N/A
Cough/Phlegm 2 No N/A
Volume that has been 1 No N/A
exhaled at the end of
the first second of
forced expiration
(FEVy
FEV, / Forced vital 2 No N/A
capacity (FVC)
Asthma 9 Yes N/A
Chronic bronchitis 5 No N/A
Hypersensitivity 2 No N/A
pneumonitis
Lower respiratory tract 2 No N/A
infection
Sarcoidosis 1 No N/A
Wheeze 2 No N/A
EFSA supporting publication 2013:EN-497 78

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the EFSA SCHEHIR 2013:EN-497 78
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

1004



Pesticide epidemiolo

Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E. Tzoulaki |

# 19

AZTFV I ADOKIER L 72 5 BEA T DR

402
936
946
4391

++
++
o+
it

o =} o (=}
& SIS IS IS
a| @ @ v
H S I S
|
R
b=t |
I3 > )
® S
~ X| E| E| &=
bad | | |
) ,

v W K| |
pa K| #) # 2
[
|

%[ & & &
n| | #| E

o

L

AN ORI RIR
nll IE=N =N IE=N
] <] =] =
LIENENEN
© @© e [=2]
(=3 =3 =3 (=3
(=3 oS S (=)
™~ N N N
2\ = = ©
(=3 =3 (=3 (=3
(=} (=} =1 (=}
DA, Dx, D1_ DJ,
172} 1%2] 1% 172}
m 23] =m m
=1 o ~ 2=

2009 T AU S T l[ES ik Yes/no ot 4468

RESP_006

134
125

o+
it

Yes/no
Yes/no

R
I

Tk
T

s
AT

2009 T AU
2012 7YT

NFa—h
RESP_019
RESP_022

+++ 292

2008 T AU M T [EES U Yes/no

2008 T A YA
2009 T AU

RESP_004

294
3096
3108

o+
it
++

Yes/no
Yes/no
Yes/no

BLHIAE
I
B PRI

Hik 3
T
Tk

R
AT
AT

2009 T A UL

VA=VI2A-0F: -3

RESP_004
RESP_006
RESP_006

~| o] =| o
<| =| = =| =
M| o)l of = —
—] —] =] ] &N
+ + 1 ]+
+ | ) | *
+ +| ] |+
ol ¢ ¢} ¢ ¢
sl g1 | £] =
s ) e B B
gl a| a| 4| a
ol o of o 9
= o= =] =] =
$| £ £ €| &
E|E| E| E| E
UG- -y g
|| K| |
EE|E| & &
Rl Rl R| R| R
=N =N =N =N BN
K XN XXX
INENENENEN
o| | | 2| =
ol ol o) 2| 2
Sl S| 2] 2| &
AN N N N N
o] | | ©| ©
= 2| 2| 2| =
0_0,070,0_
al ol & & &
A A Bl b @
Q| | = @] @
2| 2| 2| 2| &

*sloyne ay} Jo s)yBii ayy 03 d1pnfaid Inoynm Juswnaop Jussaid

U Ul Payeal SUOISN|IUOD aU) pue Passalppe sanss! ayy spiefial se uonisod pue main ‘spybu s saniasal Aoyiny Kiejes pood ueadoin3 syl Aioyiny ay Aq paidope Jndino ue se paispisuod aq jou Aew
11 308[gns s1 A1oyiny ayr yorym oy ajdiourid Aouaredsueny ayy yum BuiAjdwod paysijgnd si Juswinoop jussald ay | “ainpadoid Japual e Buimoljoy papleme ‘(s)ioyine ay) pue Alioyiny Aajes poo ueadoing
8U} USBMIBQ JIBIIUOD B JO IX8)U0D 3y} Ul (s)loyine ayy Aq A[BAISN|OXa IN0 paliied uaaq Sey sey Siyl “(S)ioyne se snoge paiiuapl saipoq ayy Aq paydope pue psanpoid ussq sey jusunoop jussaid syl

L6v-N3:€T0Z uoneatjgnd Buijoddns vs43

6.

az1s a|dwes

Juawisnlpy

uosuedwo)

JuBWISsasse a1nsodx3

sisA|eue-e1aW 10y 91q1B1]9 SUOIRID0SSE BY} JO SONSLIdIORIRYD

ad£1 ainsodx3

ubisap Apms

uonedo]

6612 FH 0U/SaA alreuuonsand leuoiednddQ  [BUOIII8S-SS04) BOUBWY 6002 900 dS3H
.12 4+ 0U/SaA alreuuonssnd [euoiednddQ  [BUOIIIBS-SS04D BOUBWY 6002 900 dS3M
6T0T +H 0Uu/SaA alreuuonsand [euonednddQ  [BUOINIBS-SS0.D BOUSWY 8002 +00 dS3Y
/10T 4+ OU/SOA alreuuonsend [euoiednddQ  [BUOIII8S-SS01D BOUBWY  800C Y00 dSIM
Ve +4++ 0U/SaA alreuuonsand [euoiednddQ  [BUOIIIBS-SS0.D BOUBWY 6002 6T0 dSIY
sojiAdiolyn

80TE +++ OUu/SaA alleuuonsand [euoiednddQ  [eUOINIBS-SS0.D BOUBWY 6002 900 dS3M
960 ++ 0U/SaA alreuuonssnd [euonednddQ  [eUOIIBS-SS01) BOUBWY 6002 900 dS3Y
62 4+ OU/SoA alreuuonsand [euoiednddQ  [BUOIIIBS-SS0.D BOUBWY  800C Y00 dS3M
62 ++ 0Uu/SaA alreuuonsand leuoiednddQ  [BUOIII8S-SS04) BOUBWY 8002 00 dS3d
[eras 4+ 0ou/Sap alreuuonsan® leuonednaop |eUOI98S-5504) 'ISY  ZT0Z 220 dS
veT 4+ OU/SoA alreuuonsand [euoiednddQ  [eUOIIIBS-SS0.D BOUBWY 6002 6TO dS3M
Jenbelred

8911 +++ OU/SoA alreuuonsand [euoiednddQ  [BUOIIIBS-SS01D BOUBWY 6002 900 dS3M
T6EY +H 0U/SaA alreuuonsand [euonednddQ  [BUOINIBS-SS0.D BOUSWY 6002 900 dS3Y
96 4+ 0Uu/SoA alreuuonsend [euoiednddQ  [BUOIIIBS-SS0.D BOUBWY 8002 00 dS3d
96 ++ 0Uu/SaA alleuuonsand [euonednddQ  [eUOIIBS-SS0.) BOUBWY 8002 +00 dS3Y
207 4+ 0U/SaA Iavjlewolg [eluaWuoIAUT 10yo) adoin3 9002 200 dS3Y
1daa

Jeaj

‘6T 8Igel

ABojoiwapida apionsad

| DIRIN0z ‘3 nojabueAs ‘9 sosiaN ‘A 1B101601puoyd ‘J3 1uezIN

79

EFSA SCB AR 2013:EN-497

1005



Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E, Tzoulaki |

Pesticide epidemiology

Study
D OR (95% CI)
RESP_002 —o—'— 1.18(1.01, 1.38)
RESP_004 —oﬁ 179 (1.06, 3.02)
RESP_004 ——3-0— 1.38(0.91, 2.09)
RESP_006 ——f—o— 142 (0.93,2.17)
RESP_006 —-—o— 1.41 (1.09, 1.82)
Overall (I-squared = 0.0%, p = 0.475) O 1.29 (1.14, 1.45)
T T
1 15 2
Figure 32: Fixed-effects meta-analysis for studies with information on DDT exposure

and risk of any type of asthma (Studies 6 and 10 refer to Agricultural Health Study

publications)
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Figure 33: Random-effects meta-analysis for studies with information on paraquat
exposure and risk of any type of asthma (Studies 6 and 10 refer to Agricultural Health Study
publications)
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Study

RESP_004

RESP_004
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RESP_019

Overall (-squared =0.0%, p = 0.806) >

OR (95% Cl)

1.36(0.79, 2.34)

0.96(0.58, 1.59)

1,06 (0,63, 1.78)

0.96 (0.69, 1.34)

0,60 (0.10, 3.60)

1.03(082,1.28)

Figure 34: Fixed-effects meta-analysis for studies with information on chlorpyrifos
exposure and risk of any type of asthma (Studies 6 and 10 refer to Agricultural Health Study

publications)
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15. Neuropsychiatric diseases

Overall, 15 publications examined the effect of pesticide exposure on neuropsychiatric outcomes in
adult populations (median sample size: 596, IQR 158-12,263), contributing 358 separate analyses in
the data extraction database. Three-quarters came from Europe and America, while 17 health-related
outcomes were assessed with a large proportion focusing on cognitive function (9 studies, 246
analyses). As seen with other outcomes, the diversity of the exposure definition is considerable and
poses special challenges to data synthesis. Only 2 out of the 15 publications referred to prospective
cohort studies and 60% of the publications were cross-sectional studies. The sample size in the
reported analyses was often small; it ranged between 66 and 112,683 participants with the largest
study being a retrospective American study. Here, we also observed clusters of publications coming
from large, well-known studies in the field, such as the Agricultural Health Study (AHS) (4
publications), while all but one study assessed occupational exposures. In addition, the presence of
studies with information on biomarkers of exposure was far less prominent here (n=2, 13%). The
different outcome categories examined are presented in Table 20, along with the number of studies
contributing to each outcome category and a decision on quantitative synthesis. Due to heterogeneity
of data and small number of studies identified, no statistical synthesis of the data (meta-analysis) was
performed for any outcome.

15.1.  Cognitive function

Nine studies assessed the association between pesticide exposure and cognitive function with a median
sample size of 80 (IQR 141-205), contributing 246 separate extracted comparisons in the database. All
but one of the studies were cross-sectional and, in seven studies the exposure was assessed through a
questionnaire. A large variety of individual pesticides were assessed with the general category of
organophosphate pesticides being assessed more frequently. No single pesticide and related
biomarker was assessed in more than 4 studies using comparable outcome definitions or the same
comparison unit, thus a quantitative synthesis was not performed. Actually, the assessment of
cognitive function is a typical example of a general outcome category where the multiplicity and
complexity of the 62 tools and sub-tools used in the 15 available studies (Table 21) renders the attempt
to systematically and quantitatively synthesize the results of the published literature fruitless.

The largest study in the field is an AHS report (ID NPD 014) assessing potential associations between
long-term pesticide use and neurobehavioral function, with relevant tests administered to licensed
pesticide applicators. The authors report that “test performance was associated with lifetime days of
use of some pesticides”. Ethoprop was significantly associated with reduced performance on a test of
motor speed and visual scanning. Malathion was significantly associated with poor performance on a
test of visual scanning and processing. Conversely, we observed significantly better test performance
for five organophosphate pesticides. Specifically, chlorpyrifos, coumaphos, parathion, phorate, and
tetrachlorvinphos were associated with better verbal learning and memory; coumaphos was associated
with better performance on a test of motor speed and visual scanning; and parathion was associated
with better performance on a test of sustained attention. Overall, we found no consistent evidence of
an association between organophosphate pesticide use and adverse test performance among this older
sample of pesticide applicators. Potential reasons for these mostly null results include a true absence of
effect as well as possible selective participation by healthier applicators.

Our systematic review did not identify any previously published meta-analyses on these outcomes to
allow for comparisons with previously published evidence (prior to 2006). Generally the results on
neuropsychiatric outcomes were of small effect and not statistically significant with few exceptions.
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Thus, given the large number of analyses these results need cautious interpretation and, based on these
data, there is no evidence to suggest association between pesticide exposure and these outcomes.

15.2. Neuropsychiatric outcomes with few studies

With the exception of cognitive function, for all the remaining assessed outcomes included in Table
20, too few studies are available to allow synthesis of evidence for each outcome alone; these
outcomes comprise a variety of captured information ranging from well-defined clinical entities yet
with too few studies, such as depression, or obsessive-compulsive disorder, as well as a numbers of
outcomes representing neuropsychiatric endo-phenotypes such as hostility or orientation disorders.
Our systematic review did not identify any previously published meta-analyses on these outcomes to
allow for comparisons with previously published evidence (prior to 2006). Generally the results on
these outcomes were of small effect and not statistically significant with few exceptions. Given the
large number of analyses and the fact that a number of the results come from the AHS, these results
need cautious interpretation and, based on these data, there is no evidence to suggest a robust
association between pesticide exposure and these outcomes.

Table 20: Summary of studies and neuropsychiatric outcomes
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Outcome group

Anxiety

Attention and calculation disorders
Cognitive function

Depression
Electroencephalographic (EEG) state
Hostility

Interpersonal sensitivity diosrder
Learning disability

Nausea

Neuropsychiatric symptoms
Obsessive-compulsive disorder
Orientation disorders

Paranoid ideation

Psychotisism

Rapid Eye Movement (REM) Sleep Behavior
Disorders (RBD)

Somatization

Suicide commitment
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Table 21: Outcome definitions and tools used in the 15 studies assessing cognitive function
(BARS: Behavioral Assessment and Research System, AVLT:Auditory Verbal Learning Test, BVFT:
Benton Visual Form Discrimination Test CALCALP: California Computerised Assessment Package
Manual, WAIS: Wechsler Adult Intelligence Scale, WMS: Wechsler Memory Scale)

Outcome definition / Tool used

% Correct rejects (BARS)

Selective attention latency (BARS)

% Hits (BARS)

Selective attention trials (BARS)

Recall (AVLT)

Sequences A test performance (seconds)

Recognition (AVLT)

Sequences B test performance (seconds)

Total recall (AVLT)

Serial digit learning task (BARS)

Benton Visual Form Discrimination Test (BVFT)

Serial Digit Learning Test

Block design test

Simple Reaction Time Test (ms)

CALCAP choice test

Spatial span test

Continuous Performance Test Score (m/s)

Stroop test

Counting errors

Summary index (BARS)

Digit span backward task (BARS)

Symbol Digit Substitution Test (s)

Digit span forward task (BARS)

Symbol-digit latency task (BARS)

Digit-Symbol test score (seconds)

Symptom Checklist 90 revised (SCL-90-R)

False alarm latency (BARS)

Trails B test

Fine motor control test

Verbal fluency test

Finger tapping (preferred hand) (BARS)

WAIS-III picture arrangement test

Finger tapping , dominant hand (BARS)

WAIS-III arithmetic test

Finger tapping, (nonpreferred hand) (BARS)

WAIS-IIl comprehension test

Finger tapping, alternating hand (BARS)

WAIS-IIl digit span test

Graded naming test

WAIS-IIl digit symbol test

Grooved pegboard, dominant hand score

WAIS-III full scale 1Q

Hit latency (BARS)

WAIS-IIIl graded-naming test

Match-Sample (BARS)

WAIS-III similarities test

N100 latency (ms)

WAIS-IIl vocabulary test

N200 latency (ms)

WMS-III auditory delayed memory test

P200 latency (ms)

WMS-III auditory immediate memory test

P300 amplitude (uv), Cz

WMS-IIl auditory recognition test

P300 latency (ms)

WMS-III letter-number test

Progressive ratio (BARS)

WMS-IIl visual delayed memory test

Reaction time latency a (BARS)

WMS-III visual immediate test

Reaction time latency a (BARS)

Selective attention interstimulus interval
(BARS)
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21 : FRAVBREZ B9 2 156 O THEAIhZFEBOEHE LY —/V (BARS. 1T
B Z2 S 2T L, AVLT:Auditory Verbal Learning Test, BVFT:Benton
Visual Form Discrimination Test CALCALP:California Computerised

Assessment Package Manual, WAIS:Wechsler Adult Intelligence Scale.

WMS:Wechsler Memory Scale)

FROEH - HHY—N
IEfi#= (BARS) [% Correct rejects]

SR TEFERF (BARS) [Selective attention latency]

b b (BARS) [% Hits]

JERMIEZ R (BARS) [Selective attention trials]

U =a— (AVLT)

=l A A T A MERE (D)

[Recall] [Sequences A test performance]
ik (AVLT) Y=l AB 7 A MEE (1)
[Recognition] [Sequences B test performance]

h—%L U 33—/ (AVLT)
[Total recalll

VUTAT 4Ty MERSZ AT (BARS)
[Serial digit learning task]

N ARTEREHIBIT A K (BVFT)
[Benton Visual Form Discrimination Test]

CYTNT Yy NEEHT A b
[Serial Digit Learning Test]

Ty 7T A (BB ARERE)  [Block design test]

Bl SOSFHIFAER (ns) [Simple Reaction Time Test]

CALCAP#RT A [CALCAP choice test]

ZE[H) A/ 7 A b [Spatial span test]

HGEMERERBRA 2 7 (n/s)

[Continuous Performance Test Score]

A MV—=TF A K
[Stroop test]

H 7 k= F— [Counting errors]

P~V —A 25 v A (BARS) [Summary index]

FHIRFEIANE (BARS) [Digit span backward task]

U ST SR [Symbol Digit Substitution Test]

HHIRFRIENE  (BARS) [Digit span forward task]

FRAAHTARIE S A 7 (BARS) [Symbol-digit latency task]

o227 (1)
[Digit-Symbol test score]

JERF = v 7 U A b 90 LETHL (SCL-90-R)
[Symptom Checklist 90 revised]

AL HIFR (BARS) [False alarm latency]

FLA/LABT AL [Trails B test]

PRANTEB) | #H38 [Fine motor control test]

i ET 2~ [Verbal fluency test]

T4 H—H s (FlEF) (BARS) [Finger tapping]

WAIS-TIARMIEA [WAIS-I11 picture arrangement test]

Ta A=y FlEF (BARS)
[Finger tapping, dominant hand]

WATS- T 53 s
[WAIS-TIT arithmetic test]

T4 A=y GERIEF) BARS) [Finger
tapping]

WAIS-II¥ifi# /) [WAIS-III comprehension test]

Ta A=y BT KHIZTFEBT (BARS)
[Finger tapping, alternating hand]

WATS-TI 45 1RE 1
[WAIS-IIT digit span test]

J'L—F v Kx—3 /7 Ak [Graded naming test]

WATIS-IIFF 5[ [WAIS-I11 digit symbol test]

W & ORI R— R IR RFOA2T

[Grooved pegboard, dominant hand score]

WALS-IL 7 L A 4 — )b 1Q
[WAIS-III full scale 1Q]

t v MEE (BARS) [Hit latency)

WATS- I X1y i 4 iM% [WAIS-IIT graded-naming test]

~ v FH 7L (BARS) [Match-Sample]

WAIS-HIJE{EL [WAIS-III similarities test]

N100 ¥ (ms) [N100 latency]

WAIS-TI#E# [WAIS-I11 vocabulary test]

N200 5 (ms) [N200 latency]

WMS-TIl BEFEIRFEFEHE [WMS-TTT auditory delayed memory test

P200 5 (ms)
[P200 latency]

WS TR AR
[WMS-II1 auditory immediate memory test]

P300 fi@fE (uv), Cz [P300 amplitude]

WS- I 53838 [WMS-111 auditory recognition test]

P300 MR (ms)  [P300 latency]

WMS-TI SCF* + #FECAIN P E [WMS-T11 letter—number test]

HEARER (BARS) [Progressive ratio]

WS- T 4H B AR AE SO [WMS-TTT visual delayed memory test]

FEGHERTEHE a (BARS) [Reaction time latency a)

WS- I8 3¢ HI 38k [WMS-I1I visual immediate test]

FRIERTE I a (BARS)

[Reaction time latency al

SRR R HIFE  (BARS)

[Selective attention interstimulus intervall
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16. Diabetes

Overall, 23 publications examined the effect of pesticide exposure on diabetes related outcomes
(median sample size: 430; IQR 192-1721), contributing 125 separate analyses in the data extraction
database. Four health-related outcomes were assessed with a large proportion focusing on type 1
diabetes (n=93, 74%) whereas 18 analyses focused on type 2 diabetes. The rest of the outcomes
assessed was prediabetes (n=10), gestational diabetes (n=2) and other glucose and insulin related
outcomes (n=2). Only one prospective cohort study was performed; the large majority was cross-
sectional designs (n=15), whereas 3 studies were case-controls and 4 studies used a nested case-
controls. The large majority of the studies was conducted in America (n=15, 65%) whereas 7 studies
where Europeans and only one Asian. Here, we did not observe large clusters of publications coming
from large, well-known studies in the field, such as the AHS. Only three study assessed occupational
exposures the rest examined environmental exposures (n=19) or both (n=1). In addition, the presence
of studies with information on biomarkers of exposure was limited to 9 studies, whereas 10 studies
included information both on questionnaire and biomarkers. The different outcome categories
examined are presented in Table 22 along with the number of studies contributing to each outcome
category. For the pesticides accessed meta-analysis was feasible for DDE and DDT exposure and type
1 diabetes and DDE exposure and type 2 diabetes.

16.1. Type 1 diabetes

Thirtheen studies assessed the effect of pesticides on type 1 diabetes (median sample size: 309, IQR:
159-398) and a meta-analysis of ORs was feasible for DDE and DDT exposure. For DDE, 9 studies
contributed a median sample size of 202, IQR=142-334. We were not able to include a prospective
study that reported a (significant) Incidence Rate Ratio (IRR) of 7.1 and compared the highest vs. the
lowest tertile of exposure with DDE. The computed summary OR was 1.90 (95% CI: 1.25-2.86) for
the DDE exposure using random effects models. Moderate heterogeneity was observed (1>=49%). For
DDT, 6 studies had available data for synthesis (median sample size: 577, IQR: 272-2163) providing a
summary effect of 1.76 (95% Cl: 1.20-2.59) with very large heterogeneity observed ((1>=76%). Main
source of heterogeneity is the different exposure levels used for the calculations of the effect estimates.
Even though there is evidence from the random effects meta-analysis that an increased risk for type 1
diabetes exists, however the findings should be interpreted with caution due to the heterogeneity that
was observed.

16.2.  Type 2 diabetes

Four studies were eligible for the assessment of the DDE exposure and risk for type 2 diabetes
(median sample size: 471, IQR=292-642). The summary OR derived from those studies was 1.30
(95% CI: 1.13-1.48). No heterogeneity was observed, however the summary results is driven by a
case-control study that reported an effect size OR=1.30 (95% CI=1.11-1.52). Even though, there is
evidence suggesting that DDE exposure is a risk factor for developing type 2 diabetes, this is based on
small studies.
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16. ¥ERP
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i < 430, 1QR 192-1721) T, 7 —Z 7 — & <= 221X 125 O EBI O Sy ik Fe s H8#k STz,

4D DREEERE: f/éniaﬂr'{dt*nfisfo VEUBESRI (n=93, 74%) (TR Z REIAZE HHTWIZDITH L,
18D T TH2BBE R IC AN Y THN TV, Ml ShizZ oo 8L, FibERF (n=10) | 4F
WRBEPRIE (n=2) | ZOMD 7N a—AROA A ) CEEEEE (n=2) Th o7z, il 28— Mg
DT, REFIIHEWIT VA > (0=15) T o 7228, SHEITIEFIR, 4Fi% = A — k NAEFT%
MBEMHH L Th oo, KEFOWEIET AV B TIFOATEY (n=15, 65%) . T s—n
YINTHY, TVT NFWIEDOHTh -7z, T 2T AISO K 9 225087 T K < G b vz REUS R
R b OO KB 7 7 A8 — 3B S h b o Tz, 3ODIROAZBMEEE T L., 78
DIFBREIE<EE (0=19) F320mSG (=1) &L, S5, ESEDOAAL I~ —h—IZfT

DAEHD & WU IR STV 10PFOWIFE TITE R & A A~ — T — Dl )5 O3 &
ENCWe, RELERRLIEENT I —%, HH7 2V —ICFHLE LR E & Hick 22 (1
R, DDE & DDT 1E< @& 1 AUBEIRIF, DDE 1E< @ L 2 AERIFICOWTIEA X 7 U v AQ Al
Thoi,

16.1. 1 BOERA

VREEE RIS 2 FEIR OSSR A F1M L720F781% 3 v (o 7 uH Xdufii 309, IQR : 159
398) ., DDE & DDT (F<HEIZOWVWTIE OR DA X T F YU L ARARETH - 7=, DDEIZOWVTIE, 9ffFD
FFFEAY o Tt A Arpigefii202, 1QR=142-334Thr o7z, Fexix, (FEZR) #EEL (IRR) 7. 1%7%
L. DDE#EMEODf: BT & fie FALE % Hi L7 Rl e 2 S0 5 2 E M TE R oz, st S5
FIORIE, 7 A BENEEET V% O TZDDEIE S #T1.90 (95%CI : 1.25-2.86) Tl o7z, HEEDAY)
PERBIER S e (12=49%) o DDTIZBE LTI, 6 OMFEAS A ISR AT R T — & & FF > TWe (1
VA A X 2 577, QR @ 27-2-2163) 728, 1.76 (95%CI : 1.20-2.59) OERIZHEIE S 4L,
IR E AR — B Sz (12=76%) A —PED E2RRRIE, SRMEMOFHHEICHE S
NIRI2HIESHBEL SN TH D, TUHLNREAZTF Y AT, IBBERIG U A7 ORIINBSTFEES
HLVNITETUARD D LTV R, BEINTAY DD, ZORBRITHEEICRNI LD &
Th o,

16.2. 2 BUERA

DDEVE < # & 28UBEIRIR U A 27 & 3Hili9 2 72 D (St DRFFEASH R & 2 o T (B Tt At
471, 1QR=292-642) , ZALD DA BAFHALIZEHKIORIEL. 30 (95%CI @ 1.13-1.48) Th o7z, R¥
—VEITBER SN e o 7o p, BRIRE R, B ROR=1. 30 (95%CI=1. 11-1.52) Z it L 7= e fixh fRafF
RICHEG SN T WD, DDEVE B2 2BEIRITRIED Y RV K1 T % Z L ERET 58T v AEH
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: — 7 Z L IITHER z : N
R HrFEs AZTFTYVRAER BEORZTT )RR
Table 22: Summary of studies identified per outcome subgroup with more than 4 1 B R 13 Yes NA
studies (NA: not available)
2 AR PR I7 6 Yes NA
Outcome N studies Meta-analysis done Previous meta- SEYRBE R 2 No NA
analysis result A LAY v T a— ik 2 No NA
Type 1 diabetes 13 Yes NA
Type 2 diabetes 6 Yes NA
Gestational diabetes 2 No NA
Insulin/ Glucose 2 No NA
tolerance
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Study
D OR (95% ClI)
DIA_001 —o— 4.30 (1.81, 10.24)
DIA_008 ——;—o— 2.40 (0.70, 8.26)
DIA_009 —.—.— 2,63 (1.20, 5.78)
DIA_014 + 3.56 (0.97, 13.07)
DIA_015 + 1.94 (1.05, 3.58)
DIA_016 —o— 1.90 (1.13, 3.19)
DIA_018 ——— 0.90 (0.32, 2.55)
DIA_020 —_— 3 0.64 (0.28, 1.46)
Overall (I-squared = 49.1%, p = 0.056) <> 1.89 (1.25, 2.86)
NOTE: Weights are from random effects analysis 3

T T T T

5 1 2 4 8
noflow exposure high exposure
Figure 35: Summary odds ratio (OR) for the association between DDE exposure and
type 1 diabetes
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064 (028, 1.46)

1.68(1.25, 280)

[XI35 : DDEIZ < B8 & 1BUBE RIS & DEE DY~ U —F v X (0R)

Pesticide epidemiology

EFSA SCB AR 2013:EN-497

88

1014



Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E, Tzoulaki |

Ntzani EE, Chondrogiorgi M, Ntritsos G, Evangelou E. Tzoulaki |

Pesticide epidemiology

Pesticide epidemiology

Study

DIA_002

DIA_009

DIA_010

DIA_015

DIA_016

DIA_018

Overall (I-squared = 76.3%, p = 0.001)

NOTE: Weights are from random effects analysis

OR (95% CI)

2.46 (145, 4.16)

1.90 (0.99, 3.65)

1.0 (0.94,1.27)

2.49 (142, 4.36)

1.96 (1.29, 2.98)

1.30 (0.51, 3.34)

1.76 (1.20, 2.59)

Study

DiA_DI?

DiA_D0%

DIA_010

DIA_D15

OiA_018

DiA_D18

Overnll (Lsquared = 76 3%, 5= 0.001)

NCITE Wasghts are from random effects anafyss

O [@5% C1)

246 (145 418)

190 (0.99, 3.65)

1.00 (084, 1.27)

240(142, 428)

106129, 2.68)

130 (051, 3 M)

176 (1.20, 2 589)

T
5
noflow exposure

high exposure
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Figure 36: Summary odds ratio (OR) for the association between DDT exposure and

type 1 diabetes
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[} OR (95% CI)
DIA_007 —_— 1.30 (1.11,152)
DIA_013 —*+ 1.10(0.78, 1.55)
DIA_021 —_———————  210(0.70,630)
DIA_022 —l—o— 1.75(0.96, 3.19)
Overall (I-squared = 0.0%, p = 0.458) <> 1.29(1.13,1.48)
NOTE: Weights are from random effects analysis ‘
T T T T

5 1 2 4 8
noflow exposure high exposure
Figure 37: Summary odds ratio (OR) for the association between DDE exposure and
type 2 diabetes
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17. Cardiovascular diseases

This section includes hard cardiovascular outcomes (myocardial infraction, stroke etc.), cardiovascular
risk factors (lipids, blood pressure) and other cardiometabolic outcomes (metabolic syndrome and
obesity). No previous meta-analysis has been identified for any of these traits. The evidence collected
in this systematic review provides weak suggestions of associations in particular regarding
cardiometabolic risk factors and organochlorines; however, other classes of pesticides were not
studied and even results on organochlorines were limited and require prospective replication.

17.1. Hard cardiovascular outcomes

Five studies examined hard cardiovascular outcomes including myocardial infarction (ID CVD 005,
ID CVD 006), peripheral arterial disease (PAD) (ID CVD 007), stroke (ID CVD 008), and composite
cardiovascular disease (ID CVD 009). The Agricultural Health Study (AHS) contributed two
prospective analyses (ID CVD 005, ID CVD 006) and National Health and Nutrition Examination
Survey (NHANES) other two cross-sectional analyses (ID CVD 007, ID CVD 009). Studies on
myocardial infarction (ID CVD 005, ID CVD 006) showed no evidence of an association between
having used pesticides, individually or by class, and myocardial infarction mortality among men in the
AHS. Similarly, among women of AHS, no overall association with pesticide use and myocardial
infarction was seen. Six of 27 individual pesticides evaluated were significantly associated with
nonfatal myocardial infarction among women (ID CVD 006), including chlorpyrifos, coumaphos,
carbofuran, metalaxyl, pendimethalin, and trifluralin, which all had relatively high odds ratios (>1.7)
but also high probability of false positive due to multiple testing.

Another prospective study (8) examined 21 persistent organic pollutants (POPSs) in relation to stroke.
After adjusting for known stroke risk factors, most polychlorinated biphenyls (PCBs) with 4, 5, or 6
chlorine atoms, p,p’-DDE, trans-nonachlor, and octachlorodibenzo-p-dioxin significantly predicted the
risk of stroke. Nonetheless, results need replication from future studies. Peripheral arterial disease
(PAD) and composite cardiovascular disease were studied in the cross-sectional NHANES cohort in
relation to POPs. Compared with subjects without PAD, those with PAD had significantly higher
concentrations of organochlorine pesticides but associations were not seen among non-obese
participants. For composite cardiovascular disease, significant associations were observed for
chlordane only. These findings need to be carefully interpreted because of the cross-sectional design
and use of self-reported cardiovascular disease.

Overall, evidence for associations between pesticide exposure and cardiovascular outcomes is weak
and mainly concentrated on organochlorine pesticides.

17.2. Cardiovascular risk factors

17.2.1. Blood pressure

Five studies examined associations between pesticides and blood pressure (ID CVD 002, ID CVD
003, ID CVD 004, ID CVD 010, ID CVD 011). All but one study (ID CVD 011) had cross-sectional
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17. FEIREREA

HERDNEEE (O, Mefay) | omE ) 27 KT (R, mE) | Zofho g
BRAER) vy v Ra—A B &1, ZRLOWVTIUIONTH, ZRNETOAZTFY v
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BEERICBT 2 RBIEZH < R L TV AR, ftho s 7 ADRIRTATR SN TR 5, AREFHICET
LR TIZMOENTEY | AIRSHEORENLETH S,

17. 1. EERLMERE

LFAEZE (ID CVD 005, 1D CVD 006) | ARAEIRFZEA (PAD)  (ID CVD 007) | Azt (ID CVD 008) .
A DIMAEHE (ID CVD 009) % &6 > DHFFEA A 2L 8 & 4 L 72, Agricultural Health
Study (AHS) 1325 DRI & 4347 (ID CVD 005, ID CVD 006) \National Health and Nutrition Examination
Survey (NHANES) [fthod2-> D434 (ID CVD 007, ID CVD 009) Z#2#tL T\ 5, OAFIZEICET
ZHF5E (ID CVD 005, ID CVD 006) Tld, AHSOBMED LFHHEIZE TR L RIEMEH (A EIZ2 72
) & DOBEE R I ET R TR SN 0T, FERIC, AHSOZMETIE, RIEOMEM L L% &
ORI RBEEITERD DRz, FHMESNZ2TREEOEIED S 5, 7BV KRR, J=RA A
NRTZ U ABTHRUN ReT 4252 ) 0 M) 75 ) o hk GO BIER LMD IEBIER L
AAEZE L AEICBIE L (ID CVD 006) . WAL b leiigmv Ay X (1L 78AE) o L7zas, #4klal
DRI X DBBEEO RS @ -T2,

BIOHIA XL (8) Tik, MMAH & ORI C2ARSEDO R AITYME (POPs) % FA L7z, BE
FNORAEF U A 7 K72 Uicth, HEFER7234, 5, E36MH0R Y ke 7 ==/ (PCB) . p.
p’ SDDE, hT VR F I N OA T E I aa TR p VAR DIEE A ERREET DY A
EHEICTRILE, bbb, RIS HOMECHIT 2 LENH S, KMEIRGEE (PAD)
Je O A DA R B DS, BRI Z2NHANES = 7R — bk "CPOPs & DRI CTHFJE S 4172, PADD 72 Wk & b
B LT, PADD & 2 BT C A B R R A DL EE A TN B0 o 7o 8. ARG AW IR
HULERSD bR otz HADIMERBIZOWTIE, 7 rAVT v ORI ERBEN B Sz, Bl
W77 A v EHOHEICL D 0MERBOO, DO I EICHIRNT 2 0ER”H 5,

BEMIC, BEECR L OMERE L OMOBET 7 v 2355 RICHBIERRBREICET L
TW5,

17.2. L& ) 27 HAF
17.2.1. fE

SPEDRFSE T & i O B AN A S 472 (ID CVD 002, ID CVD 003, ID CVD 004, ID CVD 010,
ID CVD 011) , MFEOHFZE (ID CVD 011) Tik, BT ZRBFZEL T T,
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designs. All effect sizes were very small and not suggestive of an association between pesticide
exposure and blood pressure.

17.2.2. Metabolic syndrome components

Nine studies examined components of metabolic syndrome in relation to pesticide exposure including
lipids levels, glucose and insulin levels. All but one study examined exposure to organochlorine
pesticides and significant associations for some classes and lipid levels or glucose levels were
observed. Highest quality evidence comes from the prospective Coronary Artery Risk Development in
Young Adults (CARDIA) Study (ID CVD 016). In CARDIA, p,p’-DDE most consistently predicted
higher triglycerides, and homeostasis model assessment value for insulin resistance (HOMA-IR) and
lower High Density Lipoprotein (HDL)-cholesterol at year 20 after adjusting for various confounders.
Oxychlordane, trans-nonachlor, and hexachlorobenzene also significantly predicted higher
triglycerides. Finally, a case-control study in China, examined differences in glucose regulation in
participants highly exposed to pyrethroids (occupational exposure). An indication of increased risk for
abnormal glucose regulation was noted for exposure to pyrethroids (OR = 1.48, 95%Cl = 1.24-1.77)
(ID CVD 021). However, these results need external replication in other populations as the study is
retrospective and residual confounding cannot be excluded.

17.2.3. Subclinical atherosclerosis

The population-based Prospective Investigation of the Vasculature in Uppsala Seniors examined in a
cross-sectional study, whether POP levels were related to subclinical atherosclerosis. Circulating
levels of PCBs were associated with atherosclerotic plaques and echogenicity of the intima-media
complex independent of cardiovascular risk factors, but associations need to be confirmed in
prospective studies.

17.3. Metabolic syndrome and obesity

Three studies (ID CVD 010, ID CVD 011) examined associations between organochlorine exposure
and prevalence of metabolic syndrome. In National Health and Nutrition Examination Survey
(NHANES) (ID CVD 010) significant association between organochlorine exposure and prevalence of
Metabolic Syndrome was reported with ORs of 1.0, 1.5, 2.3 and 5.3 across organochlorine pesticide
quartiles (p for trend <0.01). In the other case-control study (ID CVD 011) significant associations
were noted for heptachlor only.

Overall, 12 cross-sectional studies examined associations between pesticide exposure and measures of
body fatness or obesity. Also, 10 out of 12 studies examined associations between organochlorines and
obesity or body fatness; evidence around other pesticide classes was scarce. Three studies (ID CVD
012, ID CVD 013, ID CVD 014) only presented correlation analysis with measures of body fatness.
The remaining studies have shown some significant associations between waist circumference, Body
Mass Index (BMI) and organochlorines (DDT and chlordane) but the evidence is limited to cross-
sectional analysis and results are only suggestive of an association.
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18. Mortality

Overall, 11 publications examined the effect of pesticide exposure on mortality (median sample size:
1,986), contributing 318 separate analyses in the data extraction database. This section consists of a
heterogeneous group of publications, which assessed associations between pesticides and all cause
mortality of major mortality outcomes. Despite the fact that these studies were large, they were of
modest quality and they are not very informative as they test a wide range of diseases simultaneously
without corrections for multiple testing. The results do not show any apparent trend of pesticide
exposure with overall mortality.
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19. Immune/ Autoimmune diseases

Overall, 10 publications examined the effect of pesticide exposure on immune disorders (median
sample size: 196, IQR 81-476), contributing 67 separate analyses in the data extraction database.
Sixty studies were conducted in America, 3 in Europe and one study was Asian. Various health related
outcomes including arthritis, osteoarthritis, rheumatoid arthritis and an extensive list of various
antibodies, cytokines etc. as summarized in Table 23. Seven out of the 10 publications referred to
prospective cohort studies whereas 2 studies were cross-sectional and only one was case-control. The
sample size in the reported analyses was rather small; it ranged between 19 and 532 participants with
the largest study being the Carolina Lupus Study. Half of the studies assess occupational exposures
and information on biomarkers of exposure was available in 2 studies whereas 4 studies used both
biomarkers and questionnaires. As seen with other outcomes, the diversity of the exposure definition
and the outcomes assessed are extensive and poses special challenges to data synthesis. No single
outcome was assessed in more than two studies therefore synthesis of the data was not feasible for the
field of immune disorders.

Table 23: Health outcomes assessed in the field of immune disorders

Health outcome
Antinuclear antibodies Interleukin-4 (IL-4)
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Immunologic effects

Eosinophils

Leucocyte counts

Erythrocyte counts Lymphocyte levels
Glycoproteins Neutrophils
Hematocrit/Hemoglobin Natural Killers (NK) cells
Interferon-y (IFN-y) Osteoarthritis

Immunoglobulin 1 (IgG1)

Rheumatoid arthritis

Immunoglobulin 4 (IgG4)

Systematic Lupus

Immunoglobulin M (IgM)
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20. Allergic diseases

Nine studies from eight different populations reported associations between pesticide exposure and
allergic disorders. Seven studies examined occupational exposure whereas two studies examined
environmental exposure. Eight studies were cross-sectional investigations and therefore conclusions
are prone to reverse causality and other biases. In terms of outcomes examined, five studies examined
self-reported allergic rhinitis, one examined self-reported asthma and the remaining 3 examined self-
reported skin irritation, contact dermatitis, food allergy, hay fever and fragrance allergies. Statistically
significant results were reported by four studies on allergic rhinitis (ID ALL_003, ID ALL_004, ID
ALL_005, ID ALL_006). These studies reported significant association between various pesticide
classes and allergic rhinitis. In particular, the Agricultural Health Study (AHS) reported significant
association between allergic rhinitis and exposure to the herbicides 2,4-Dichlorophenoxyacetic acid
(2,4-D) glyphosate and petroleum oil, the insecticide diazinon and the fungicide benomyl. However,
the study has many limitations and results need cautious interpretation and require replication by
future prospective studies. The study is limited by its ability to distinguish allergic from non-allergic
symptoms of rhinitis and to establish temporality between exposure and symptoms due to its cross-
sectional design. One study with low overall quality reported high effect sizes (OR, 12.50; 95% ClI,
2.00-78.05) for allergic rhinitis in greenhouse flower and ornamental plant growers with pesticide
application by hand pump vs. without (ID ALL_006). Again, the study has low overall quality,
concerns a heavily exposed population with definition of exposure related to the method of application
rather than a chemical class. Overall, the evidence around allergic disorders and pesticide exposure is
weak.
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21. Haematological diseases

21.1.  Aplastic anaemia

Three studies examined associations between pesticide exposure and aplastic anaemia; a rare
hematologic condition. All studies were case-control designs and had small sample sizes (range 9-
310). Two studies reported significant associations with large effect sizes but it is difficult to draw
firm conclusions due to the small number of studies available and the limitations of these studies
(Table 24). The other case control study (ID APL_002) did not report effect sizes but only the p value
of association, which was non-significant. Further evidence is required to throw light into these
suggestive results.

Table 24: Summary of results between pesticide exposure and aplastic anemia in 2 case-control
studies that reported effect sizes

Study ID Pesticide assessed Comparison OR Lower 95% CI Higher 95% CI N cases N controls
APL_001 Organophosphates yes/no 2.1 11 4.2 21 32
APL_001 DDT yes/no 6.7 15 30 5 4
APL_001 C yes/no 74 17 31 8 3]
APL_001 Paraquat yes/no 23 1 5.1 12 24
APL_001 Other i icides yes/no 1 04 22 11 32
APL_001 Any pesticif yes/no 13 09 19 64 238
APL_001 Organophosphates yes/no 2.1 1 4.4 17 26
APL_001 Paraquat yes/no 19 0.7 49 7 20
APL_001 Other i icides yes/no 11 04 27 9 24
APL_003 use of pesticides _yes/no 2.2 11 47 12 23
APL_003 Home use of pestici yes/no 13 0.9 19 70 240
APL_003 Organophosphorates highest tertile of exposure/no exposure 3 0.9 10.1 5 7]
APL_003 Pyrenthroids highest tertile of exposure/no exposure 18 1 31 23 57
APL_003 Herbicides yes/no 24 0.9 6 8 15]

21.2. Haematological and biochemical alterations

Fourteen studies examined various haematological and biochemical alterations in relation to pesticide
exposure. Main alterations studied were basic haematology and vitamin levels. The sample size ranged
between 51 and 1,275. The quality of these studies was modest to low. Most studies reported
unadjusted correlation statistics or means between haematological parameters and pesticide exposure
and no effect sizes beyond the p values were reported. All studies provided cross-sectional evidence.
Despite the fact than many of the reported analyses were statistically significant, results should not be
interpreted at this stage due the limited evidence and modest quality associated with these data.
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22. Other outcomes

Overall, 30 publications examined the effect of pesticide exposure on other outcomes. Based on our
criteria for data synthesis no meta-analysis was performed for those outcomes.

22.1. Bone diseases

Three studies examined the effect of pesticide exposure on osteoporosis including 13 different
analyses. We identified two European cross-sectional studies and one Asian cohort (median sample
size: 176, IQR: 153-908). All studies assess environmental exposure with information on biomarkers
of exposure and all studies examined exposure to organochlorines only. Osteoporosis was assessed via
ultrasound measurements and bone mineral density. The largest study of 908 women showed that p,p’-
DDE was positively associated with bone mineral density, the association remained after adjustment
for confounders, but the effect was weak.

22.2. Skin diseases

Six studies examined the effect of pesticide exposure on skin lesion (median sample size: 356, IQR
262-2203) including 11 analyses. Four studies used cross-sectional design. Environmental exposure
was assessed in 3 studies. The definition of outcome was often skin rash or eczema. The resulst were
largely not statistical significant. One prospective study (ID SKD 004) on 5,042 men from the Health
Effects of Arsenic Longitudinal Study in Araihazar reported highly significant effect sizes for skin
lesions and pesticide use but study also evaluated arsenic exposure and it is difficult to differentiate
between the effect of each exposure.

22.3. Dental diseases

One study cross-sectional study from America including 496 participants assessed two outcomes. The
study assessed environmental exposure with information of biomarkers (ID PER 001). In this study,
organochlorine (OC) pesticides were strongly associated with periodontal disease.

22.4. Metabolic diseases

One European cross-sectional study assessed the effect of pesticides on metabolic diseases and
specifically on levels of various prorfyrins including 8 analyses but no significant results were
reported. Environmental exposure was studied using biomarkers for the assessment of exposure.

22.5. Men health

One case-control study reported association between pesticide exposure and erectile dysfunction. The
study focused on organochlorine pesticides and compared 101 cases with erectile dysfunction to 234
comparable control subjects. The results were no statistically significant and do not provide evidence
of an association.
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22.6. Gynaecological diseases

In this group we included gynaecological outcomes not included in the previous outcome categories.
Four studies are included in this group, three examined endometriosis and one the timing of
menopause. The three studies on endometriosis (ID GYN 001, ID GYN 002, ID GYN 003) were all
cross-sectional and all examined organochlorines. One out of 12 separate analyses on endometriosis
and organochlorines was statistically significant; the highest tertile of aromatic fungicide was
associated with a fivefold risk of endometriosis (OR = 5.3; 95% ClI, 1.2-23.6) compared to the lowest
tertile. This effect size is large and requires independent replication in other prospective studies.

Data from the Agricultural Health Study (AHS) was used to study associations between exposure to
pesticides and age at menopause in a prospective investigation of pre-menopausal women. After
control for age, smoking status, and past use of oral contraceptives, the median time to menopause
increased by approximately 3 months for women who used pesticides (HR 0.87, 95% CI: 0.78, 0.97)
and by approximately 5 months for women who used hormonally active pesticides (HR 0.77, 95% CI:
0.65, 0.92). Pesticide use may be associated with a later age at menopause based on these results;
however results are prone to false positive bias and independent replication is needed.

22.7. Symptoms and general health

Five studies examined general health symptoms such as nausea, fatigue, dizziness, and shortness of
breath. The definition of these outcomes is very hard and associated with large measurement errors.
Studies were of modest to low quality and all concerned occupational exposures. Some statistically
significant results were observed but are far form conclusive at this stage due to heterogeneity of data
reported and the limitations associated with these studies.

22.8. Kidney diseases

Three studies examined kidney diseases including chronic kidney disease and gallstone disease. One
study reported statistically significant results between DDE and DDT residues and gallstone disease.

22.9. Benign tumours

One a population-based case-control study on acoustic neuroma found no link between pesticide
exposure and acoustic neuroma.

22.10. Gastrointestinal diseases

Seven studies examining associations between pesticide exposure and liver enzymes were identified.
All studies were cross-sectional or case-control. One study, the National Health and Nutrition
Examination Survey (NHANES), examined organochlorines, another one examined exposure to 2,4-
dichlorophenoxyacetic acid (2,4-D) and paraquat and the remaining studies examined broadly defined
pesticide categories. The studies were of modest and low quality and presented only the means of
enzymes in exposed and unexposed participants often without adjustments. Almost all studies reported
statistically significant results with higher level of liver enzymes (e.g. Gamma-glutamyltransferase
(GGT), Alanine aminotransferase (ALT), Aspartate aminotransferase (AST)) in participants exposed
to pesticides. However, due to the low quality of the data and the limited number of studies firm
conclusions cannot be drawn and data is only suggestive of associations at this stage.
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CONCLUSIONS

After an exhaustive and comprehensive search of almost 46,000 scientific publications we identified
602 publications, which examine epidemiologic associations between pesticide exposure and diverse
health outcomes. The entire spectrum of health outcomes related to pesticide exposure has not been
studied before. Our results show a very wide spectrum including 24 major disease categories. Few
environmental exposures have been associated with such a wide range of outcomes. The most
prevalent outcomes are cancers and mother and child health outcomes. But other disease categories
have received considerable attention such as neurological conditions and reproductive diseases.
Despite the large volume of available data and the large number (>6,000) of analyses available, firm
conclusions cannot be made for the majority of the outcomes studied. This observation is
disappointing especially when one accounts for the large volume of research in the area. However, this
observation is in line with previous studies on environmental epidemiology and in particular on
pesticides which all acknowledge that such epidemiological studies suffer from many limitations and
that the heterogeneity of data is such that does not allows firm conclusions to de made.

The range of categories of pesticide studied is wide but studies very often concentrate on a broadly
defined pesticide category, and it is hard to understand which pesticide the population is exposed to.
Studies often examine pesticides that have already been banned in western populations and the
European Union. The use of biomarkers as means of exposure assessment is infrequent but still
available in almost half of the studies. In addition, cohort studies represent a minority of this literature
with case control and cross-sectional studies representing an approximately equal proportion of
eligible articles. Case-control and cross-sectional evidence does not allow the study of temporal
relations and thus are unable to provide support regarding the causality of associations. The
assessment of exposure is perhaps the most important methodological limitation of the studies. Studies
used different methods for exposure assessment and assignment. Most studies were based on self-
reported exposure to pesticides, defined as ever versus never use or as regular versus non-regular use.
Such methods suffer from high misclassification rates and especially in the case of retrospective
studies where misclassification would be differential with higher exposures reported in participants
with disease (recall bias). Above all, such questionnaires might be capable of differentiating subjects
with very high and very low exposure levels but are not capable of valid exposure classification across
an exposure gradient thus not allowing the study of dose-response relationships. Also, the accuracy of
exposure might be high for broad categories of pesticides and commonly used pesticides, but not for
specific pesticides. It is important that questionnaires used for exposure assessment are validated.
However, studies largely used “home- made” versions of questionnaires, sometimes not giving the
information on the actual questions used to assess exposure. In addition, exposure simultaneously in
multiple agents is common which may introduce further bias in the results. For example, occupational
exposure to pesticides is likely to coexist with exposure to benzene, heavy metals, solvents, suspended
particulate matter etc. all of which have adverse health outcomes. It is essential to account for
confounding from exposure to multiple agents in order to delineate true associations but this has not
been possible in the overwhelming majority of evidence assessed herein.

In addition, the evidence collected and appraised herein is likely to suffer from selective reporting and
multiple testing. The studies reported a very wide range of analyses; 602 publications resulted in 6000
analyses. The amount of multiple hypothesis testing is enormous. These analyses need to be adjusted
for multiple hypothesis testing else the results suffer from high false positive rate. Even when studies
present only one analysis, selective reporting is always a possibility as has been shown in other
epidemiological fields as well. In addition, when interpreting results one should also take into account
that, especially for certain outcomes (e.g. cancers), the majority of evidence comes from single study
populations and the AHS in particular.
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Beyond definition of exposure, the definition of clinical outcomes displayed large variability in
eligible epidemiological studies, which can further cause the variability in results. Perhaps most
important in this setting is the use of surrogate outcomes examined. Here we observed a great number
of surrogate outcomes. Surrogate outcomes are biomarkers or physical measures that are generally
accepted as substitutes for or predictors of specific clinical outcomes. However, many times these
surrogate outcomes are unvalidated and do not meet the strict definitions of surrogate outcomes. Such
outcomes can be defined as possible predictors of clinical outcomes but do not fulfil the criteria for a
surrogate outcome. It is essential that the evidence around unvalidated surrogate outcomes are
appraised taking into account the implicit assumptions of unvalidated surrogate outcomes.

Acknowledging these limitations we attempted to summarise the evidence retrieved in this report. An
added important limitation here is the fact that this review is limited to publications after 2006. This
allows us only to review recent evidence and any meta-analysis needs very cautious interpretation, as
it does not include all available evidence. Results might be biased if data published after 2006 are
different from earlier evidence. To this end, we also provided updated meta-analysis for major
outcomes and for those that a relevant meta-analysis published after 2006 was identified. This has only
been possible for childhood leukaemia and for Parkinson’s disease. For both these outcomes we found
significant associations between pesticide exposure and disease in line with previous evidence.
Significant summary estimates have also been reported for other outcomes as summarised in Table 25
below. However, as they represent studies form 2006 onwards results should be regarded as suggestive
of associations only and limitations especially regarding the heterogeneity of exposure should always
been take into consideration.
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Table 25: Summary of meta-analyses performed in this report
Health outcome N Meta-analysis

studies result
Leukemia 6 1.26 (0.93,1.71) 59.4%
Hodgkin’s Lymphoma 7 1.29 (0.81, 2.06) 81.6%
Childhood Leukemia (exposure to pesticides 6 167 (1.25,2.23) 81.2%
during pregnancy)
Childhood Leukemia (exposure to insecticides 5 1.55(1.14,2.11) 65%
during pregnancy)
Childhood Leukemia (exposure to insecticides 9 1.69(1.35,2.11) 49.8%
during pregnancy-update Turner 2010)
Childhood Leukemia (exposure to unspecified 5 2.00(1.73,2.30) 39.6%
pesticides during pregnancy)
Childhood Leukemia (exposure to unspecified 11 1.30 (1.09, 1.56) 26.5%
pesticides during pregnancy-update Turner
2010)
Childhood Leukemia (exposure to pesticides 7 1.27 (0.96, 1.69) 61.1%
during childhood)
Childhood Leukemia (exposure to insecticides 8 1.51(1.28,1.78) 0%
during childhood-update Turner 2010)
Childhood Leukemia (exposure to unspecified 11 1.36 (1.19, 1.55) 0%
pesticides during childhood-update Turner
2010)
Breast Cancer (DDE exposure) 5 1.13(0.81,1.57) 0%
Breast Cancer 11 1.24(1.08,1.43) 0%
Testicular Cancer (DDE exposure) 5 1.40 (0.82, 2.39) 59.5%
Stomach Cancer 6 1.79 (1.30, 2.47) 0%
Liver Cancer 5 250 (1.57,3.98) 25.4%
Cryptorchidism 8 1.19 (0.96, 1.49) 23.9%
Cryptorchidism (DDT exposure) 4 1.47 (0.98, 2.20) 51%
Hypospadias (general pesticide exposure) 6 1.01 (0.74,1.39) 71.5%
Hypospadias (exposure to specific pesticides) 9 1(0.84,1.18) 65.9%
Abortion 6 1.52 (1.09, 2.13) 63.1%
Parkinson’s disease 26 1.49 (1.28,1.73) 54.6%
Parkinson’s disease (DDT exposure) 5 1.01 (0.78,1.30) 0%
Parkinson’s disease (paraquat exposure) 9 1.32 (1.09, 1.60) 34.1%
Amyotrophic Lateral Sclerosis 6 1.58 (1.31, 1.90) 10%
Asthma (DDT exposure) 5 1.29 (1.14,1.45) 0%
Asthma (paraguat exposure) 6 1.40 (0.95, 2.06) 53.3%
Asthma (chlorpyrifos exposure) 5 1.03(0.82,1.28) 0%
Type 1 Diabetes (DDE exposure) 8 1.89 (1.25, 2.86) 49%
Type 1 Diabetes (DDT exposure) 6 1.76 (1.20, 2.59) 76.3%
Type 2 Diabetes (DDE exposure) 4 1.29(1.13,1.48) 0%
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RECOMMENDATIONS

As discussed above, the extensive evidence gathered for this report highlights that there is immense
amount of information available on pesticide exposure and health outcomes from epidemiological
studies. Nonetheless, the quality of this evidence is usually low and many biases are likely to affect the
results to an extent that firm conclusions cannot be made. Childhood cancers and Parkinson’s disease
are the two outcomes for which a corresponding meta-analysis after 2006 was found and for which
data are consistent to show an increased risk associated with pesticide exposure. Nonetheless, the
exposure needs to be studies further in order to disentangle the effect of specific pesticide classes or
even individual pesticides. Effects on other outcomes, such as endocrine disorders, asthma and
allergies, diabetes and obesity, are showing increased risk and should be explored further. This report
concentrated on examining separately health outcomes. An alternative approach would be to look for
pesticide classes, subclasses or even individual pesticides across a range of outcomes. These
approaches could highlight whether a pesticide class has a particular detrimental effect across a variety
of disease endpoints. Finally, exposure epidemiology has long suffered from exposure measurement
and definition and in particular for pesticides this has always been exceptionally difficult to assess and
define. Technological advances now enable us to measure in a large scale and agnostic way
biomarkers of exposure using high throughput technologies of omics. For example, metabolomic
analysis offers a way to capture a whole range of environmental exposures with minimal measurement
error and ability to specify the exposure. These approaches are now being developed and are likely to
offer much clearer view on the associations between environmental exposures, including dietary
exposures, and health outcomes.
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APPENDICES

APPENDIX I. EXTENDED SEARCH ALGORITHM IN MEDLINE

Pesticid* OR Pesticide OR pest control OR “pest control” OR (Chemosteril* OR Chemosterilant OR
Fungicid* OR fungicide OR Fungicide, Industrial OR Herbicid* OR Herbicide OR Defoliant* OR
Defoliant, Chemical OR Insect Repellent*OR Insect Repellent OR Insecticid* OR Insecticide OR
Molluscacid* OR Molluscacide OR Pesticide Synergist* OR Pesticide Synergist OR Rodenticid* OR
Rodenticide OR organochlor* OR organochloride OR organochlorine OR chlorocarbon OR
chlorinated hydrocarbon OR chlorinated solvent OR organophosphat* OR organophosphate OR
carbamat* OR carbamate OR pyrethroid* OR pyrethroid) OR (1,2-dibromo-3-chloropropane OR 1,3-
dichloro-1-propene OR 1-(4-ethynylphenyl)-4-propyl-2,6,7-trioxabicyclo(2.2.2)octane OR 1-Methyl-
4-phenylpyridiniumOR 2,4,5-Trichlorophenoxyacetic Acid OR 2,4-Dichlorophenoxyacetic AcidOR 2-
dichlorobenzeneOR 2-Methyl-4-chlorophenoxyacetic Acid OR 2-methyl-4-chlorophenoxyacetic acid
dicamba herbicide solution OR 2-phenylphenol OR 3,5,6-trichloro-2-pyridinolOR 4"-epiacetylamino-
4"-deoxyavermectin B1 OR 4-dichlorobenzeneOR abamectin OR acephate OR acetochlor OR
acifluorfen ORAgent OrangeOR alachlor OR Aldicarb OR Aldrin OR Allethrin OR allosamidin OR
alpha-Chlorohydrin OR alpha-naphthyl thiourea OR alpha-naphthylphthalamic acid OR aluminum
phosphide OR aminocarb OR amitrazOR AnabasineOR arsenic acidOR Atrazine OR avermectinOR
azadirachtin OR AzinphosmethylOR Bacillus thuringiensis protoxinOR bendiocarbOR BenomylOR
bentazoneOR benthiocarbOR benzyl benzoate OR bialaphos OR binB protein Bacillus sphaericus OR
bioallethrinOR bioresmethrin OR bis(tri-n-butyltin)oxideOR boric acid OR bromacil OR
bromadiolone OR bromfenacoumOR bullatacinOR butachlorOR butyl phosphorotrithioate OR
Cacodylic Acid OR captafol OR CaptanOR Carbaryl OR Carbofuran OR CarboxinOR Chloranil OR
ChlordanOR ChlordeconeOR Chlorfenvinphos OR chlorocresol OR chlorophacinoneOR
ChlorphenamidineOR Chlorpropham OR Chlorpyrifos OR chlorsulfuronOR chlortoluronOR
cismethrinOR closantel OR CoumaphosOR crotamiton OR cyanazine OR cyclonite OR cyfluthrinOR
cyhalothrinOR cyhexatinOR cypermethrinOR cyromazineOR cythioateOR daminozideOR
decamethrinOR DEETOR dexon (fungicide)OR diallyl trisulfideOR Diazinon OR Dicamba OR
dichlobanilOR Dichlorodiphenyl DichloroethyleneOR DichlorodiphenyldichloroethaneOR
dichlorodiphenyltrichloroethane OR DDT OR Dichlorvos OR Dicofol OR dieldrin OR difenacoumOR
DimethoateOR dimethyl 4,4'-0-phenylene bis (3-thioallophanate) with carbamic acid ethylene bis
(dithio)-mangenese zinc complexOR dimethyl 4-phthalateOR dimethyl phthalateOR Dinitrophenols
OR dinosebOR diphenylOR DiquatOR DisulfotonOR DiuronOR doramectin OR EndosulfanOR
EndrinOR ethionOR Ethylmercuric Chloride OR Ethylmercury Compounds OR famophos OR
fenarimol OR FenitrothionOR fenoxycarb OR fenpropimorphOR Fenthion OR fenvalerate OR fipronil
OR fluazifop OR fluazifop-butyl OR fluoroacetic acid OR fluphenacur OR fluridoneOR fluvalinate
OR folpet OR FonofosOR glyphosateOR hedolit OR Hempa OR HeptachlorOR Heptachlor Epoxide
OR heptenophosOR HexachlorobenzeneOR hexachlorobutadiene OR hexazinoneOR
hydramethylnonOR imazalilOR imidaclopridOR insecticidal crystal protein Bacillus ThuringiensisOR
iprodioneOR isofenphosOR isoproturonOR IvermectinOR jasplakinolideOR LeptophosOR linaloolOR
LindaneOR Linuron ORmalachite greenOR malaoxonOR MalathionOR Maleic HydrazideOR
mancozebOR ManebOR mecarzoleOR mecopropOR metalaxylOR metaldehydeOR
methamidophosOR methidathionOR MethiocarbOR MethomylOR MethoxychlorOR methyl
demetonOR methyl isothiocyanateOR Methyl ParathionOR methylbromfenvinphosOR
methyldithiocarbamateOR methyllycaconitineOR metolachlorOR metribuzinOR MevinphosOR
milbemycinOR molinateOR MonocrotophosOR monomethylarsonic acidOR N,N-
diethylphenylacetamide OR N-(3,5-dichlorophenyl)succinimideOR N-bromoacetamideOR n-
hexanalOR Naled OR neem 0ilOR neosaxitoxinOR Niclosamide OR nitrofenOR nonachlor OR
norbormideOR norflurazoneOR nornicotine OR octamethyl pyrophosphoramideOR oryzalinOR
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f+6% I. MEDLINE (Z361) DHLRIRR T /L= Y X A

Pesticid* OR Pesticide OR pest control OR “pest control” OR (Chemosteril* OR
Chemosterilant OR Fungicid* OR fungicide OR Fungicide, Industrial OR Herbicid* OR
Herbicide OR Defoliant* OR Defoliant, Chemical OR Insect Repellent*OR Insect Repellent OR
Insecticid* OR Insecticide OR Molluscacid* OR Molluscacide OR Pesticide Synergist* OR
Pesticide Synergist OR Rodenticid¥ OR Rodenticide OR organochlor* OR organochloride OR
organochlorine OR chlorocarbon OR chlorinated hydrocarbon OR chlorinated solvent OR
organophosphat* OR organophosphate OR carbamat* OR carbamate OR pyrethroid# OR pyrethroid)
OR (1, 2-dibromo-3-chloropropane OR 1, 3- dichloro—1-propene OR 1-(4-ethynylphenyl)-4-
propyl-2, 6, 7-trioxabicyclo (2. 2. 2) octane OR 1-Methyl- 4-phenylpyridiniumOR 2, 4, 5—
Trichlorophenoxyacetic Acid OR 2, 4-Dichlorophenoxyacetic AcidOR 2— dichlorobenzeneOR 2—
Methyl-4-chlorophenoxyacetic Acid OR 2-methyl-4-chlorophenoxyacetic acid dicamba herbicide
solution OR 2-phenylphenol OR 3,5, 6—trichloro—2-pyridinolOR 4’ —epiacetylamino— 4’ -
deoxyavermectin Bl OR 4-dichlorobenzeneOR abamectin OR acephate OR acetochlor OR
acifluorfen ORAgent OrangeOR alachlor OR Aldicarb OR Aldrin OR Allethrin OR allosamidin OR
alpha—Chlorohydrin OR alpha—naphthyl thiourea OR alpha—naphthylphthalamic acid OR aluminum
phosphide OR aminocarb OR amitrazOR AnabasineOR arsenic acidOR Atrazine OR avermectinOR
azadirachtin OR AzinphosmethylOR Bacillus thuringiensis protoxinOR bendiocarbOR BenomylOR
bentazoneOR benthiocarbOR benzyl benzoate OR bialaphos OR binB protein Bacillus sphaericus
OR bioallethrinOR bioresmethrin OR bis(tri-n-butyltin)oxideOR boric acid OR bromacil OR
bromadiolone OR bromfenacoumOR bullatacinOR butachlorOR butyl phosphorotrithioate OR
Cacodylic Acid OR captafol OR CaptanOR Carbaryl OR Carbofuran OR CarboxinOR Chloranil OR
ChlordanOR ChlordeconeOR Chlorfenvinphos OR chlorocresol OR chlorophacinoneOR
ChlorphenamidineOR Chlorpropham OR Chlorpyrifos OR chlorsulfuronOR chlortoluronOR
cismethrinOR closantel OR CoumaphosOR crotamiton OR cyanazine OR cyclonite OR cyfluthrinOR
cyhalothrinOR cyhexatinOR cypermethrinOR cyromazineOR cythioateOR daminozideOR
decamethrinOR DEETOR dexon (fungicide)OR diallyl trisulfideOR Diazinon OR Dicamba OR
dichlobanilOR Dichlorodiphenyl DichloroethyleneOR DichlorodiphenyldichloroethaneOR
dichlorodiphenyltrichloroethane OR DDT OR Dichlorvos OR Dicofol OR dieldrin OR
difenacoumOR DimethoateOR dimethyl 4,4 —o—phenylene bis (3—-thioallophanate) with carbamic
acid ethylene bis (dithio)-mangenese zinc complexOR dimethyl 4-phthalateOR dimethyl
phthalateOR Dinitrophenols OR dinosebOR diphenylOR DiquatOR DisulfotonOR DiuronOR
doramectin OR EndosulfanOR EndrinOR ethionOR Ethylmercuric Chloride OR Ethylmercury
Compounds OR famophos OR fenarimol OR FenitrothionOR fenoxycarb OR fenpropimorphOR
Fenthion OR fenvalerate OR fipronil OR fluazifop OR fluazifop—butyl OR fluoroacetic acid
OR fluphenacur OR fluridoneOR fluvalinate OR folpet OR FonofosOR glyphosateOR hedolit OR
Hempa OR HeptachlorOR Heptachlor Epoxide OR heptenophosOR HexachlorobenzeneOR

hexachlorobutadiene OR hexazinoneOR hydramethylnonOR imazalilOR imidaclopridOR
insecticidal crystal protein Bacillus ThuringiensisOR iprodioneOR isofenphosOR
isoproturonOR IvermectinOR jasplakinolideOR LeptophosOR linaloolOR LindaneOR Linuron
ORmalachite greenOR malaoxonOR MalathionOR Maleic HydrazideOR mancozebOR ManebOR
mecarzoleOR mecopropOR metalaxylOR metaldehydeOR methamidophosOR methidathionOR
MethiocarbOR MethomylOR MethoxychlorOR methyl demetonOR methyl isothiocyanateOR Methyl
ParathionOR methylbromfenvinphosOR methyldithiocarbamateOR methyllycaconitineOR
metolachlorOR metribuzinOR MevinphosOR milbemycinOR molinateOR MonocrotophosOR
monomethylarsonic acidOR N, N- diethylphenylacetamide OR N-(3, 5-

dichlorophenyl) succinimideOR N-bromoacetamideOR n- hexanalOR Naled OR neem oilOR
neosaxitoxinOR Niclosamide OR nitrofenOR nonachlor OR norbormideOR norflurazoneOR
nornicotine OR octamethyl pyrophosphoramideOR oryzalinOR ParaoxonOR ParaquatOR ParathionOR
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ParaoxonOR ParaquatOR ParathionOR pendimethalin OR pentachlorobenzeneOR
PentachlorophenolOR PermethrinOR phenothrinOR phenthoateOR phentin acetate OR
Phenylmercuric Acetate OR phenylmercuric nitrate, basicOR Phenylmercury CompoundsOR
Phenylphosphonothioic Acid 2-Ethyl 2-(4-Nitrophenyl) EsterOR Phorate OR phosaloneOR
PhosmetOR PhosphamidonOR phosphineOR phosphinothricinOR phoxim OR Picloram OR Piperonyl
ButoxideOR pirimicarbOR pirimiphos methylOR precocene IIOR prochlorazOR procymidoneOR
profenofosOR PrometryneOR propachlorOR PropanilOR PropoxurOR PyrethrinsOR pyriminil OR
quinalphos OR quintozene OR RotenoneOR S,S'-(2-(dimethylamino)-1,3-propanediyl)thiosulfuric
acid ester OR SimazineOR sodium chlorateOR spinosadOR sulfamic acidOR sulfometuron methyl
OR tebufenozideOR TemefosOR terbutryneOR terbutylazineOR terthienyl OR
tetrachloroisophthalonitrileOR TetrachlorvinphosOR tetramethrinOR thallium sulfate OR
ThiophanateOR ThiramOR ToxapheneOR triadimefon OR Triallate OR TrichlorfonOR triclopyrOR
triflumuron OR Trifluralin OR vinclozolin OR Warfarin OR zinc phosphide OR Zineb OR Ziram)

(LIMITS: HUMAN, 1/1/2006 - 1/10/2012)
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pendimethalin OR pentachlorobenzeneOR PentachlorophenolOR PermethrinOR phenothrinOR
phenthoateOR phentin acetate OR Phenylmercuric Acetate OR phenylmercuric nitrate, basicOR
Phenylmercury CompoundsOR Phenylphosphonothioic Acid 2-Ethyl 2-(4-Nitrophenyl) EsterOR
Phorate OR phosaloneOR PhosmetOR PhosphamidonOR phosphineOR phosphinothricinOR phoxim OR
Picloram OR Piperonyl ButoxideOR pirimicarbOR pirimiphos methylOR precocene ITOR
prochlorazOR procymidoneOR profenofosOR PrometryneOR propachlorOR PropanilOR PropoxurOR
PyrethrinsOR pyriminil OR quinalphos OR quintozene OR RotenoneOR S, S’ —(2-(dimethylamino)-
1, 3-propanediyl) thiosulfuric acid ester OR SimazineOR sodium chlorateOR spinosadOR
sulfamic acidOR sulfometuron methyl OR tebufenozideOR TemefosOR terbutryneOR
terbutylazineOR terthienyl OR tetrachloroisophthalonitrileOR TetrachlorvinphosOR
tetramethrinOR thallium sulfate OR ThiophanateOR ThiramOR ToxapheneOR triadimefon OR
Triallate OR TrichlorfonOR triclopyrOR triflumuron OR Trifluralin OR vinclozolin OR
Warfarin OR zinc phosphide OR Zineb OR Ziram)

(LIMITS: HUMAN, 1/1/2006 - 1/10/2012)
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APPENDIX I1. EXPLANATIONS TO THE DATA EXTRACTION DATABASE

Study ID This is the unique ID of the study given sequentially for each
study major outcome

PUBMED_ID This is the PUBMED ID of the study (if not available ID in
EMBASE was provided and when this was not available the
title of the study was provided)

First author’s last name

Journal in which the study was published

Year of publication

Country where the study was conducted

Continent where the study was conducted

Period during which the study participants were recruited
Exposure Period (preconception, Growth period in which the pesticide exposure occurred
infancy, childhood, adulthood, (preconception, pregnancy, infancy, childhood, adolescence,
pregnancy) adulthood)

Follow-up period Follow-up calendar period for prospective/ retrospective
studies

Follow-up duration (maximum) Maximum follow-up period in years for prospective/
retrospective studies

Follow-up duration (years) Mean or median follow-up period in years for prospective/
(median/mean) retrospective studies

Study type (cohort, nested case- The epidemiological study design: cohort, nested case-control,

control, case-control, cross- case-control, cross-sectional

sectional)
The name of the epidemiological study

OENVEES NEND CUMEEW I ECEGMIN The age of the population studied (preference is to provide
the mean or meadian age, when not available the range is
given). Data is presented in years unless otherwise stated.

Gender (% male) Percentage of males in study population
Active substance assessed Pesticide assessed in the study as defined/named in the study

Chemical or functional pesticide category in which the
pesticide is classified

Pesticide active substances authorized within EU
(06/09/2013). Yes/No/NA (NA=not applicable)

The name of the biomarker of exposure to pesticide (if
measured)

© definition Definition of the control group in case-control studies

Pesticide co-exposure (measured) Did the study provided information on other co-exposed
pesticides? (yes, no)

Population characteristics Description of the population examined (gender, location,
disease status)

Type of exposure (occupational, What is the source of exposure to pesticides: occupational (if
environmental, both) the exposure is related to a specific occupational activity);
environmental (if the exposure is not related to any
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occupational activity (e.g. domestic use of pesticides, use of
pesticides in gardening, exposure related to gardening etc.);
both (when both occupation and environmental exposure is
present).
1Y/ XIS CIEREEENENIAG (=M@ Means of measuring pesticide exposure: direct exposure
exposure questionnaire/ questionnaire (interview or self-administered); measurement
biomarker/residential of biomarker in biological fluids; residential history;
WE g 7LeIenV LA EIMIEI (o1a A\ occupational history; Job Exposure Matrix (JEM)
expert evaluation/ environmental
odeling)
Definition of exposure as described in the study
Questionnaire type Questionnaire type (interview or self administrated) (for
studies which assessed exposure through questionnaires, else
state n/a)
VEESIENERINO RN EGCTEGIERN Body fluid or tissue in which the biomarker was measured
blood, plasma, urine, breast milk, (whole blood, plasma, urine, breast milk, placenta, nails, hair,
I EW=T0 e WO ET S ETTAREEWE G [T oSIl saliva, adipose tissue etc.)
tissue)

Assay type Type of biochemical assay used for biomarker measurement
Exposure duration Duration of exposure to pesticides in years (when available)

Pediatric exposure type (mother, For studies on child outcomes, describe means of exposure

father, child, combinations) through self-exposure or parental exposure (mother, father,
child, combinations)

Pediatric exposure time For studies on child outcomes, was parental exposure during

(preconception, pregnancy, preconception, pregnancy or combinations?

combination)

Health outcome Health outcome as described in the study

Health outcome definition used in the study
Disease category Disease category

Effect estimate type (RR, OR, HR, Type of effect estimate for the assessment of pesticide and

beta, MD, SMD) health outcome relationship (RR, OR, HR, beta, MD, SMD)

Effect (binary, continuous) Effect estimated on a binary or continuous manner (binary,
continuous)

Comparison unit (yes/no, unit The definition of comparison for the calculation of the effect

increase, ...) size (yes/no, unit increase etc.)

Value of effect estimate

Standard error/Standard deviation of effect estimate
Lower 95% confidence interval of the effect estimate
Higher 95% confidence interval of the effect estimate

Confounders/ variables for which the effect estimate was
adjusted for

Variables for which controls were matched to cases (case
control studies only)

Total e ofpartopants
Number of cases
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Number of conrols
Statistical method Statistical method used to calculate the effect size

Study design (prospective, Prospective or retrospective type of study design
retrospective, mixed, cross- (prospective, retrospective, mixed, cross-sectional)
sectional)
Was the description of study participants (population)
stated (yes, partially, no) inclusion and exclusion criteria detailed? (yes/partially/no)
Do the authors mention power calculations in the manuscript
(yes, no) preceding or proceeding their statistical analysis (yes/no)
Level of detail in describing Level of detail in which the definition of exposure to
exposure (high, medium, low) pesticides is provided (high/medium/low)
ROl IS M CERIE N M ISR \Was the measurement of exposure robust: biomarker (yes);
(biomarker (yes); small area small area ecological measures, job titles, questionnaire
ecological measures, job titles, (partial); was based on large area ecological measures (no)
questionnaire (partial); was based
on large area ecological measures
(o)
Were measures of exposure Were measures of exposure specific? (yes); based on broader,
specific? Yes; based on broader, chemically-related groups (partial); based on broad groupings
W EINIEUIEEIETER I SN (EIE A of diverse chemical and toxicological properties (no)
based on broad groupings of diverse
chemical and toxicological
properties (no)
Attempt to balance the allocation Was an attempt to balance the allocation between the groups
between the groups (e.g., through in case-control studies either through stratification or
stratification, matching) matching (yes/no)?
Adjustment performed for Was the effect size adjusted for potential confounders (yes,
potential confounders (yes, some, some, no)?
no)
Assessors blinded to exposure Were the assessors blinded to exposure status in cohort
status (for cohort studies) studies (yes/no/;n/a:not available or not applicable when
studies are not cohorts)?
(1| (o] CHEESEERMERAEUGIEGMM \Were the outcomes assessed using valid and reliable
reliable measures, implemented measures implemented consistently across all study
consistently across all study participants (yes/no)
participants?
Sample size (top [991], middle The size of the sample
bottom qu

Was source of fu Do the authors acknowledge any possible source of funding
acknowledged (yes/no)

Rough quality assessment Rough quality assessment taking into account the data in all
other columns of the quality assessment of data extraction
form

COMMENTS Any comments related to the study that help interpretation of
the data extracted
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GLOSSARY AND ABBREVIATIONS

AHS: Agricultural Health Study
Beta estimate: coefficient of linear regression

Bias: A systemic inaccuracy in data due to the characteristics of the process employed in the creation,
collection, manipulation and presentation of the data or due to faulty sample design of the estimating
technique

Biomarker: A measurable substance or characteristic in the human body that can be used to monitor
the presence of a chemical in the body, biological responses, or adverse health effects. Biomarkers of
exposure are used to assess the amount of a chemical that is present within the body.

Blinded outcome assessment: Individuals who assess the exposure are blinded to the health outcome
status of the participants.

CARDIA: The “Coronary Artery Risk Development In Young Adults” study, a multi-center,
population-based study.

Case-control study: A type of observational study in which two existing groups differing in outcome
are identified and compared on the basis of some supposed causal attribute. Case-control studies are
retrospective, as the exposure status is assessed retrospectively.

Case reports: Detailed reports of the symptoms, signs, diagnosis, treatment, and follow-up of
individual patients.

Case series: descriptive study that tracks patients with a known exposure given similar treatment or
examines their medical records for exposure and outcome. These studies lack control groups.

Center-specific analysis: Analysis per centre in studies, which have participants, recruited from more
than one centre.

CHAMACOS: The Center for the Health Assessment of Mothers and Children of Salinas
(CHAMACOS). A prospective birth cohort aimed at studying the association of pesticides and other
environmental agents on the health of pregnant women and their children living in the Salinas Valley,
California.

CI: Confidence Interval

Cohort study: A longitudinal/prospective study, which analyses risk factors and follows a group of
people who do not have the disease until participants develop the disease(s) of interest

Confounders: Extraneous variables in a statistical model that correlate (positively or negatively) with
both the dependent variable (exposure) and the independent variable (outcome)

Cross-sectional study: A study that involves observation of all of participants at one specific point in
time, exposure and outcome are measured in the same time point.

Ecological study: Studies in which the unit of observation is the population or community. Disease
rates and exposures are measured in each of a series of populations and their relation is examined.
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Effect (binary/continuous): Outcome is binary (dichotomous, e.g. cancer (yes/no)) or continuous (e.g.
systolic blood pressure (120mmHg)).

Effect estimate/ size: A measure of the strength of association
ESCALE: The “Etude sur les cancers de I'enfant” study, a national registry-based case-control study

Funnel plots: graph designed to check the existence of publication bias in systematic reviews and
meta-analyses

Heterogeneity: meta-analysis is used to estimate a combined effect from a group of similar studies.
However, the individual estimates of treatment effect will vary by chance; some variation is expected.
The question is whether there is more variation than would be expected by chance alone. When this
excessive variation occurs, it is called heterogeneity

HR: Hazard Ratio

12: measure of the consistency between trials in a meta-analysis, it is a measurement of heterogeneity
and takes values form 0 (no heterogeneity) to 1 (extreme heterogeneity)

INUENDO: “INUENDO—Biopersistent organochlorines in diet and human fertility Epidemiological
studies of time to pregnancy and semen uality in nuit and European populations , a European pro ect
on fertility that was supported by the European Commission to the 5th Framework Programme Quality
of Life and Management of Living Resources, Key Action 4 on Environment and Health (Contract no.
QLK4-CT-2001-00202) (http://www.inuendo.dk).

IRR: Incidence rate ratio

IQR: Interquartile Range

JEM :Job Exposure Matrix

MD: Mean Difference

Meta-analysis: The process or technique of synthesizing research results by using various statistical
methods to retrieve, select, and combine results from previous separate but related studies.

Multiple testing: Testing many hypotheses, which are not a priori defined or based on a priori
hypothesis.

Misclassification: Bias in an estimate arising from measurement error

Multivariable models: Statistical models with more than one dependent variable. These models
typically adjust for a number of confounders the analysis of interest.

Nested case-control study: In a nested case-control study, cases of a disease that occur in a defined
cohort are identified and, for each, a specified number of matched controls is selected from among
those in the cohort who have not developed the disease by the time of disease occurrence in the case

NHANES: National Health and Nutrition Examination Survey
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Observational study: an observational study draws inferences about the possible effect of a treatment
on subjects, where the assignment of subjects into a treated group versus a control group is outside the
control of the investigator

OR: Odds ratio

Pooled effect estimate: Summary effect estimate of the meta-analysis, the result of meta-analysis

POPs: Persistent Organic Pollutants

Prospective study: An epidemiologic study in which the groups of individuals (cohorts) are selected on
the bases of factors that are to be examined for possible effects on some outcome

Publication bias: Bias arisen from the tendency for researchers, editors, and pharmaceutical companies
to handle the reporting of experimental results that are positive (i.e. showing a significant finding)
differently from results that are negative (i.e. supporting the null hypothesis) or inconclusive.

Recall bias: Systematic errors due to differences in accuracy or completeness of recall to memory of
past events or experiences.

Residual confounding: Residual confounding occurs when a confounder has not been adequately
adjusted for in the analysis (usually because the confounder is not known)

Retrospective study: an epidemiologic study in which participating individuals are classified as either
having some outcome (cases) or lacking it (controls); the outcome may be a specific disease, and the
persons' histories are examined for specific factors that might be associated with that outcome

Reverse causality: Reverse causality refers to the direction of cause-and-effect, it is not known
whether the exposure has led to the outcome or the outcome has led to the exposure.

RR: Relative Risk

Narrative review: An article written to consider the critical points of current knowledge including
substantive findings, as well as theoretical and methodological contributions to a particular topic

SD: Standard Deviation

SE: Standard Error

Surrogate outcome: A laboratory measurement or physical sign that is used in trials as a substitute for
a clinically meaningful endpoint that is a direct measure of how a patient feels, functions, or survives
and is expected to predict the effect of the exposure

Systematic reviews: Reviews of the evidence on a clearly formulated question that use systematic and
explicit methods to identify, select and critically appraise relevant primary research, and to extract and
analyse data from the studies that are included in the review

Type-I error: The incorrect rejection of a true null hypothesis

UFW: United Farm Workers
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