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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).

Obijective 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 (19500 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.

Erm =hoking
Fo e ihgm & chmricals asd drgm
T i & evironmental, induatnal and domealic chemical
o erwiremantal chemical
o agecultural chamioal ©1 23,403 Becons
o captaiol
@ Daboin

o [y ! N by
a oibirsrounc chionide
—_— o Teramignos

i o |rtifcer
o Ieipat
o MARSSESD
o mEw
» paclobylrazel
& OuiHEZEO

o T

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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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 ID is defined with an abbreviation for the specific health outcome and a study number.
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Table 2: Summary of recourses searched, search terms and references identified

\\
referen
Database  Search terms Limits ces
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 Humans, Publication date: 2006-
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 “maor” 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™) aswell 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, a, 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. Quiality 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. Quiality 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

Question High risk Low risk

Study design (prospective, retrospective, mixed, cross-sectional) Retrospective, mixed, N& Prospective
Intlus.unn,.fex:[usmn criteria clearly stated [\rEﬁ pa rtially, no) MNo Yes

_J_Numgr S maer n_t@:p: cT_'._vq_rz__r_-@I f:[l ia_t_lﬁ n ::ﬁr'é;, nnl ' 'l"e's i
Level of detail in describing exposure (high, medium, low) Low HI-Eh

Robust measurement of exposure. (biomarker (yes); small area ecological

measiures, job titles, questionnaire (partial); was based on large area

ecnlcvglcﬂ meastres :nn] No Yes
Were measures of exposure specific? yes; based on broader, chemically- ' o
related groups (partial); based on broad groupings of diverse chemical and

toxicological properties (no) Mo Yes

Attempt to balance the allocation between the groups (e.g., through

slrahf‘r_atmn rnatchmg} Mo Yes

ﬁud]ustmem perfnrmed Tfor pute ntial confounders [ves, snme rm} No Yas

Assessors blinded to exposure status (for cohort studies) MNo Yes

Outcomes assessed using valid and reliable measures, implemented

consistently across all study participants? MNo Yes

Sampll:- size Low - Top ) -
Rnugh quallt\r assessment =6 answers hig'h risk 6 asnwers low 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 1° (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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27 systematic
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J 108 records excluded with no quantitative data
28 records excluded as duplicates

18 records excluded with no use of pesticides
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Figure 2: Flowchart of eligible studies
EFSA supporting publication 2013:EN-497 15

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.

623



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

7.2. Evidence map tables and outcomes examined

We observed a great variety of assessed outcomes covering awide 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.

B Cancer outcomes

B Child health

B feproductive diseases

B peurological diseases

B endocrine diseases

B fespiratory diseases

B Neuropsychiatric diseases

B Diabetas (type | and 1)

B Cardiovascular diseases

B piortality
Eirmmune/futolmmune diseases
Eallergle diseases

B Gastrodntastinal diseases

B symptoms and general health

& Gynecologhcal diseasas

B 5kin diseases
EBone diseases

“ 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 I 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.

2006
=2007
2008
2000
®2010
®2011
w2012
Figure 4: Percentage of eligible papers per publication year between 2006 and 2012
% Case control
% Cross sectional
“ Cohort
“ Nested case control
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Figure 5: Epidemiological study designs of eligible publications

" America
& Afnca

“ Asla

™ Europe

“International

Figure 6: Location (continent) where eligible epidemiological studies were conducted

& Resldential history

® General quesnonnaire/ direct
exposure querstionnaire

“ Occupational history/ job title

wEM

“als

“ Expert evaluation

“ Blomarker

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 |'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% CI, 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 ‘Residentia
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% ClI, 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, Ldopez-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% CI 1.05-3.25); use of the organochlorine insecticide chlordane was also associated with the
disease (OR 2.96; 95% Cl 1.48-5.94). Gastric cancer was associated with use of the acaricide
propargite (OR 2.86; 95% CIl 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
Meta-analysis Previous meta-
Cancers N studies recommended analysis identified
Haematological neoplasms 88 Yes Yes
Prostate cancer 39 No Yes
Lung cancer 30 Yes No
All cancers 30 No No
Childhood cancer 45 Yes Yes
Colorectal cancer 26 No No
Skin cancer 17 Yes No
Bladder cancer 16 Yes No
Breast cancer 14 Yes Yes
Kidney cancer 10 No No
Pancreatic cancer 7 No No
Testicular cancer 8 No No
Lip, oral cavity and pharynx cancer 5 No No
Stomach cancer 6 No No
Liver cancer 5 No No
Brain cancer 6 No No
Bone cancer 5 No No
Oesophageal cancer 5 No No
Larynx cancer 3 No No
Biliary tract cancer 2 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
pesticide class and risk of leukaemia (DDE: Dichlorodiphenyldichloroethylene)

Publication Pesticide 95% 95% Level of
Date Class Pesticide Type Outcome OR LCI  UCI Adjustment
DDE
CAN_064 2010 p,p'-DDE  Biomarker Chronic Lymphocytic Leukemia 210 078 0.28 2.21'+++
CAN_063 2010 p,p'-DDE  Questionnaire  Chronic Lymphocytic Leukemia 148 0.62 029 1.3++
CAN_056 2008 p,p'-DDE  Biomarker Chronic Lymphocytic Leukemia 71 1 04 25+
Insecticides
CAN_072 2006 Insecticides Questionnaire  All leukemias 1304 1 07 14+
CAN_049 2009 Insecticides Questionnaire Chronic Lymphocytic Leukemia 37 08 03 21+
CAN_024 2010 Insecticides Questionnaire  Acute Myeloid Leukemia 158 152 0.16 2.04 +++
Herbicides
CAN_072 2006 Herbicides Questionnaire All leukemias 1260 14 08 2.3++
CAN_049 2009 Herbicides Questionnaire Chronic Lymphocytic Leukemia 39 05 02 13+
CAN_024 2010 Herbicides Questionnaire  Acute Myeloid Leukemia 45 1.83 0.99 3.387+++
CAN_058 2008 Herhicides Questionnaire  Chronic Lymphocytic Leukemia 523 115 0.76 1.74++
Table 8: Examples of identified studies from the Agricultural Health Study (AHS) that

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

Sample Effect Lower Upper Adjust
Pesticide Comparison size Estimate (OR) 95% ClI 95% CI ments
Highest
tertile of
Dichlorvos/ exposure vs
CAN_122 DDVP Colon cancer no 202 1.48 0.78 2.8 +
Dichlorvos/
CAN_024 DDVP Colon cancer Ever vs. never 56813 1.5 0.9 2.4 ++
CAN_024 Fonofos Colon cancer Ever vs. never 56813 1.5 1 2.2 ++
Highest
tertile of
exposure vs
CAN_119 Fonofos Colon cancer no 126 1.66 0.92 3.03 ++
Colorectal
CAN_024 Malathion cancer Ever vs. never 56813 0.8 0.6 1.1 ++
Highest
tertile of
Colorectal exposure vs
CAN_121 Malathion cancer no 58 0.84 0.48 1.48 ++
Rectum
CAN_118 Toxaphene cancer Yes vs. no 75 2 1.1 3.5 +++
Rectum
CAN_024 Toxaphene cancer Ever vs. never 56813 2.1 1.2 3.6 ++
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Table 9: Studies on biomarkers of pesticide exposure and testicular cancer with more
than >2 studies per biomarker (DDE: Dichlorodiphenyldichloroethylene; HCB:
Hexachlorobenzene)

Effect estimate

Study ID Pesticide type Comparison level  Total N Effect estimate 95% LCI 95% UCI Adjustments
CAN_111 Dieldrin high tertile vs low 0.79 0.44 1.41 ++
CAN_115 Dieldrin high tertile vs low 2.1 0.5 9.5 +
CAN_113 HCB yes/no 12 +
CAN_115 HCB high tertile vs low 15.2 +
CAN_111 Heptachlor epoxide OR high tertile vs low 0.67 0.35 1.29 ++
CAN_115 Heptachlor epoxide OR high tertile vs low 2.4 0.6 9.1+
CAN_111 Mirex OR high tertile vs low 0.87 0.5 1.53 ++
CAN_112 Mirex RR high tertile vs low 1333 0.24 0.9 1.74 +++
CAN_115 Mirex OR high tertile vs low 66 1.2 0.4 3+
CAN_111 0,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,i‘—DDT Mean difference unit increase 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 21 0.6 7.2+
CAN_116 p,p'-DDT Mean difference unitincrease 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 1.3 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 difference  unitincrease 60 -15.29 n/a n/a n/a
CAN_117 p,p'-DDE OR high tertile vs low 98 3.21 0.77 13.3 +
CAN_111 Oxychlordane OR high tertile vs low 538 0.93 0.5 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 0.6 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 1.51 1.09 2.1 +++
CAN_113 Sum of chlordanes  OR yes/no 49 1.9 0.7 5+
CAN_115 Total chlordanes OR hiih 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 2.6 0.7 8.9 +
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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 association 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 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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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%CIl= 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

EFSA supporting publication 2013:EN-497 47

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.

655



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

guantitative 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 pg/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 guantitative
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% Cl= -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% ClI: 1.63-15.27) and dicamba (OR = 2.42, 95% ClI:
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% CI1 0.96 — 1.49,
I> 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, 12 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% CI 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, 1°66%) (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, C1=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 IQ 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.

EFSA supporting publication 2013:EN-497 51

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.

659



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

Pesticide epidemiology

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
transformed)

Increased serum total testosterone level

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 IQ

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
Birth weight, adjusted for gestational Increased serum androstenedione Verbal comprehension
age levels
BMI Increased serum DHEAS levels Verbal 1Q
BMI at delivery Increased serum free testosterone Working memory
level

BMI before pregnancy
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Table 11: Summary of studies identified per outcome subgroup with more than 4
studies (NA: not available)

Outcome N studies Meta-analysis Previous meta-analysis result
done
Congenital
malformations
General 5 No NA
Neural tube 4 No NA
defects
Urogenital 19 Yes Hypospadias: maternal
malformations occupational exposure (RR 1.36;
95% Cl 1.04-1.77), and paternal
occupational exposure (RR 1.19;
95% CI 1.00-1.41)
Development 40 No NA
Growth
Height/Birth 21 No NA
length
Weight 26 No Birth weight (individual
participants’ data meta-analysis
of 12 European cohorts): A 1-
ug/L increase in p,p’-DDE was
associated with a 7-g decrease in
birth weight (95% Cl: -18, 4 g).
Head 17 No NA
circumference
Sexual maturation 9 No NA
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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
D OR (95% CI)
CHI 049 -+ 0.90 (0.20, 4.05)
CHI 051 —_ 1.05 (0.77, 1.43)
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)
Overall (I-squared = 71.5%, p = 0.004) <> 1.02 (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

D OR (95% Cl)
CHI 049 ! 0.90 (0.20, 4.05)
CHI 051 — 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 & I 0.42 (0.05, 3.53)
CHI 058 — 0.82 (0.70, 0.96)
CHI 063 1.81 (0.47, 6.97)
CHI 065 —_— 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

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% CI1=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:
not available)

Outcome N studies Meta-analysis Previous meta-analysis result
done
Impaired sperm 25 No NA
parameters
Fecundability 8 No NA
disorders
Abortion 10 Yes NA
Reproductive 19 No NA
hormones
Study
ID OR (95% CI)
RPD 001 - 1.60 (0.70, 3.68)
RPD 003 —_— E 1.00 (0.78, 1.27)
1
RPD 005 _— 1.88 (1.18, 3.00)
RPD 006 »> 2.50 (1.16, 5.40)

RPD 032 - 1.15(0.79, 1.68)

RPD 038

< 2.62 (1.24, 5.55)

1
1
|
1
-
1
|
-
1
1
1
:
Overall (I-squared = 63.1%, p = 0.019) <> 1.52 (1.09, 2.13)
1
1
1
1
1
|
—

NOTE: Weights are from random effects analysis

5 1 2 4
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% Cl 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% CI1=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
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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
guestionnaire 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% ClI: 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 al 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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Table 13:

Assessed outcomes in the field of neurology

Health outcome

Abnormal alternating hand movements

Alzheimer's disease

Narcolepsy with cataplexy

Abnormal ankle reflex

Amyotrophic lateral sclerosis

Neurological symptoms

Abnormal distal motor amplitude

Cryptogenic polyneuropathy

Parkinson's disease

Abnormal distal motor latency

Decline in hand-grip strength

Parkinsonism

abnormal facial expression

Delayed memory impairment

Peripheral neuropathy

abnormal nerve conduction velocity

Dementia

Progressive supranuclear palsy

Abnormal postural tremor

Essential tremor

Restless legs syndrome

Abnormal posture

Gait disorder

Romberg sign

Abnormal short F-wave latency

Hearing loss

Sporadic Motor Neuron Disease

Abnormal toe proprioception

Multiple System Atrophy

Subclinical neuropathy

Abnormal toe vibration perception

Narcolepsy (with and without
cataplexy)

Tandem gait abnormality
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Table 14: Characteristics of the studies assessing pesticide exposure and Parkinson’s disease risk (n/a: not available)
Location  Study design Exposure type  Exposure assessment Comparison unit Adjustment Sample

size

DDT

NRD 2007 America  Cohort Occupational Direct exposure questionnaire ever/never yes 8899

027

NRD 2011 America  Case-control Occupational Direct exposure questionnaire ever/never yes 808

025

NRD 2010 America  Case-control Occupational Direct exposure questionnaire ever vs. never yes 578

032

NRD 33 2010 Europe Nested case- Environmental ~ Biomarker per IQR increase yes 292

control

NRD 2008 America  Case-control Mixed Direct exposure questionnaire ever/never no 184

019

Paraquat

NRD 2008 America  Case-control Mixed Direct exposure guestionnaire ever/never no 184

019

NRD 2007 America  Cohort Occupational Direct exposure questionnaire ever/never yes 7393

027

NRD 2009 America  Case-control Environmental ~ Residential history yes/no yes 709

023

NRD 2009 America  Case-control Occupational Direct exposure questionnaire ever/never yes 1030

030

NRD 2011 America  Nested case- Occupational Direct exposure questionnaire ever/never yes 468

037 control

NRD 2009 America  Case-control Environmental ~ Residential history yes/no yes 709

020

NRD 2010 America  Case-control Occupational Direct exposure questionnaire ever vs. never yes 578

022
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NRD 2010 America  Case-control Occupational Occupational history yes/no yes 58
038

NRD 2009 America  Case-control Environmental ~ Residential history yes/no yes 709
020

Pesticides

NRD 2010 Europe Nested case- Environmental ~ Biomarker (HCB) per IQR increase yes 292
033 control

NRD 2010 Europe Case-control Mixed Direct exposure guestionnaire (insecticides) yes/no no 330
058

NRD 2010 Asia Case-control Occupational Direct exposure questionnaire ever/never n/a 608
034

NRD 2008 Europe Case-control Occupational Direct exposure questionnaire ever/never yes 233
018

NRD 2008 America  Case-control Mixed Direct exposure questionnaire ever/never yes 1666
017

NRD 2006 America  Cohort Occupational Direct exposure questionnaire ever/never yes 143325
014

NRD 2009 Europe Case-control Mixed Direct exposure questionnaire and JEM ever/never no 388
029

NRD 2011 Europe Cohort Occupational JEM JEM class

036

NRD 2007  Asia Case-control Occupational Direct exposure questionnaire yes/no yes 308
015

NRD 2009 America  Case-control Occupational Occupational history yes/no yes 709
020

NRD 2008 America  Case-control Mixed Direct exposure questionnaire ever/never yes 615
028

NRD 2009 America  Case-control Environmental ~ Residential history yes/no yes 709
023
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Location

Study design

Exposure type

Exposure assessment

Comparison unit

Adjustment

Sample
size

NRD 2007  Europe Case-control Mixed Occupational history and direct exposure high vs. no yes 2756
016 questionnaire exposure
NRD 2010 Europe Case-control Occupational Occupational history yes/no no 387
24
l?lRD 2011 America  Case-control Occupational Direct exposure questionnaire ever/never yes 808
025
NRD 2006 America  Case-control Mixed Direct exposure questionnaire ever/never no 278
ESR?D 2007 America  Cohort Occupational Direct exposure questionnaire ever/never yes 65183
EZFZD 2010 Asia Case-control Occupational Occupational history yes/no no 525
Z:;SD 2006 America  Case-control Occupational Direct exposure questionnaire yes/no yes 430
2
ZREI;Z) 2009 America  Case-control Occupational Direct exposure questionnaire ever/never yes 1030
%?D 2009 Europe Case-control Occupational Direct exposure questionnaire ever/never yes 781
EZRZD 2008 America  Case-control Occupational Direct exposure questionnaire yes/no no 184
Eﬁ) 2010 America  Case-control Occupational Direct exposure questionnaire ever vs. never yes 352
EizD 2010 America  Case-control Occupational Direct exposure questionnaire ever vs. never yes 578
E?I;ZD 2010 Europe Case-control n/a n/a yes/no yes 264
003
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Study
ID OR (95% CI)
NRD 003 —_——— 2.62 (1.17, 5.86)
NRD 058 e 3.22 (1.32, 7.85)
NRD 014 — 1.70 (1.20, 2.41)
NRD 015 —— 1.68 (1.03, 2.74)
NRD 016 == 1.39 (1.02, 1.89)
NRD 017 - 1.10 (0.88, 1.37)
NRD 018 - 6.00 (0.62, 58.06)
NRD 019 4.40 (0.50, 38.72)
NRD 020 —— 1.52 (1.08, 2.14)
NRD 022 —_— 1.80 (1.10, 2.95)
NRD 023 —— 1.66 (1.04, 2.65)
NRD 024 — 1.06 (0.60, 1.87)
NRD 025 | —o— 1.76 (1.15, 2.69)
NRD 026 — 1.30 (0.81, 2.09)
NRD 027 i i o 1.30 (0.50, 3.38)
NRD 028 —— 1.61 (1.13, 2.29)
NRD 029 — 2.65 (1.34, 5.24)
NRD 030 b 1.90 (1.12, 3.22)
NRD 032 : 3.90 (0.39, 39.00)
NRD 032 —_— 0.60 (0.30, 1.20)
NRD 033 1.12 (0.91, 1.38)
NRD 034 - 0.91 (0.48, 1.73)
NRD 035 ! ——> 17.12 (4.97, 58.97)
NRD 036 = 0.90 (0.50, 1.62)
NRD 038 —_ 1.07 (0.59, 1.94)
NRD 056 - 1.50 (0.80, 2.81)
Overall (I-squared = 54.6%, p = 0.000) (} 1.49 (1.28, 1.73)

1
NOTE: Weights are from random effects alnalysiﬂ

S5 112

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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Study

ID OR (95% CI)
NRD 019 1.20 (0.70, 2.06)
NRD 025 > 1.32(0.55, 3.17)
NRD 027 1.00 (0.60, 1.67)
NRD 033 0.91 (0.57, 1.45)
NRD 032 0.80 (0.40, 1.60)
Overall (I-squared = 0.0%, p = 0.848) <> 1.01 (0.78, 1.30)

T T T

5 1 15 2
Figure 29: Fixed-effects meta-analysis for studies with information on exposure and risk
of Parkinson’s disease
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.Study
ID OR (95% CI)
NRD 019 I ' > 3.50 (0.40, 30.62)
NRD 027 —05— 1.00 (0.50, 2.00)
NRD 020 — 1.01 (0.71, 1.44)
NRD 023 I 1.19 (0.77, 1.84)
NRD 030 ——i—o— 2.80 (0.81, 9.68)
NRD 032 E 0.90 (0.14, 5.79)
NRD 037 '—.— 2.50 (1.40, 4.46)
NRD 038 —o—— 1.07 (0.59, 1.94)
NRD 020 ——o— 1.75(1.13,2.71)
Overall (I-squared = 34.0%, p = 0.146) @ 1.32 (1.10, 1.60)
T : T T
5 1152
Figure 30: Fixed-effects meta-analysis for studies with information on paraquat
exposure and risk of Parkinson’s disease
EFSA supporting publication 2013:EN-497 70

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.

678



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

Study
ID OR (95% Cl)
NRD 001 —+I— 1.57 (1.03, 2.39)
NRD 019 * E 0.50 (0.10, 2.50)
NRD 046 ' 1.00 (0.20, 5.00)
NRD 047 —— 1.61 (1.27, 2.04)
NRD 048 ——+I— 1.44(0.89, 2.33)
NRD 049 : g > 4.70 (1.40, 15.78)
Overall (I-squared = 10.0%, p = 0.352) @ 1.58 (1.31, 1.90)
I I: I
5 1 152
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% CIl= 1.0-16) and fungicides (OR=1.4, 95% CI= 1.1-1.8).
However, the results should be interpreted with caution due to borderline significance levels and
absence of type-I 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
guantitatively 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 (IQ) 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 81
Chlordecone 5
Chlorpyrifos 8
Hexachlorobenzene (HCB) 5
Insecticides 6
Malathion 8
Mirex 13
Organochlorine pesticides 2
Organophosphate and carbamate pesticide 7
Organophosphate pesticides 115
Pesticides 80
Piperonyl butoxide 1
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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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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, 1> 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%CI=0.95-2.06, 1°’=53%)
(Figure 33). We finally attempted to investigate the association between exposure to chlorpyrifos and
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asthma across the 5 available studies and the observed effect was not statistically significant without
indications of heterogeneity (OR= 1.03, 95% Cl= 0.82—1.28, 1°’=0%) (Figure 34). We caution that the
meta-analyses results are largely driven by the AHS; in the meta-analyses 4 entries belong to the AHS
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.
We thus conclude that for DDT, but not for chlorpyrifos and paraquat, there is recent evidence to
suggest a statistically significant, moderate association between exposure to this pesticides and
asthma.

Table 18: Summary of studies and outcomes in the field of respiratory medicine (N/A: not

available)

Outcome Group \\ Meta-analysis Previous published
studies performed meta-analysis

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
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Table 19:

Characteristics of the associations eligible for meta-analysis

Year Location Study design Exposure type Exposure assessment Comparison  Adjustment Sample size
DDT
RESP_002 2006 Europe Cohort Environmental Biomarker Yes/no +++ 402
RESP_004 2008 America Cross-sectional ~ Occupational Questionnaire Yes/no +H+ 936
RESP_004 2008 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 946
RESP_006 2009 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 4391
RESP_006 2009 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 4468
Paraquat
RESP_019 2009 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 134
RESP_022 2012 Asia Cross-sectional ~ Occupational Questionnaire Yes/no +++ 125
RESP_004 2008 America Cross-sectional ~ Occupational Questionnaire Yes/no +H+ 292
RESP_004 2008 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 294
RESP_006 2009 America Cross-sectional ~ Occupational Questionnaire Yes/no +H+ 3096
RESP_006 2009 America Cross-sectional ~ Occupational Questionnaire Yes/no +H++ 3108
Chlorpyrifos
RESP_019 2009 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 134
RESP_004 2008 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 1017
RESP_004 2008 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 1019
RESP_006 2009 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 2174
RESP_006 2009 America Cross-sectional ~ Occupational Questionnaire Yes/no +++ 2199
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Study
ID OR (95% CI)
RESP_002 —+4|— 1.18 (1.01, 1.38)
RESP_004 E + > 1.79 (1.06, 3.02)
RESP_004 _ 1.38(0.91, 2.09)
RESP_006 T 1.42 (0.93, 2.17)
RESP_006 —E—+— 1.41 (1.09, 1.82)
Overall (I-squared = 0.0%, p = 0.475) @ 1.29 (1.14, 1.45)
T S T
5 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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Study

D OR (95% Cl)
‘

RESP_004 - 1.90 (0.83, 4.35)
‘
'

RESP_004 . 1.60 (0.79, 3.24)
i
'

RESP_006 —— 1.67 (1.05, 2.66)
i

RESP_006 _ 0.82(0.58, 1.16)
'
i

RESP_019 : 0.90 (0.20, 4.05)
‘
'

RESP_022 " 2.18 (0.99, 4.80)
'

Overall (I-squared = 53.3%, p = 0.058) <© 1.40 (0.95, 2.06)
|
'
i
'

NOTE: Weights are from random effects analysis !

T T T

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
D OR (95% Cl)
RESP_004 1.36 (0.79, 2.34)
RESP_004 _ 0.96 (0.58, 1.59)
RESP_006 —_— 1.06 (0.63, 1.78)
|
RESP_006 _— 0.96 (0.69, 1.34)
RESP_019 < : 0.60 (0.10, 3.60)
Overall (I-squared = 0.0%, p = 0.806) > 1.03(0.82,1.28)
T T T
5 1 15 2
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)

EFSA supporting publication 2013:EN-497 82

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.

690



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

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

Outcome group N studies

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

NI I I RN I S S S Y N VY A=y oY)
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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-Il arithmetic test

Finger tapping, (nonpreferred hand) (BARS)

WAIS-IIl comprehension test

Finger tapping, alternating hand (BARS)

WAIS-III digit span test

Graded naming test

WAIS-III digit symbol test

Grooved pegboard, dominant hand score

WAIS-III full scale 1Q

Hit latency (BARS)

WAIS-IIl graded-naming test

Match-Sample (BARS)

WAIS-II similarities test

N100 latency (ms)

WAIS-IIl vocabulary test

N200 latency (ms)

WMS-IIl 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-1II 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
(BARS)

interval
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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% CI: 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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Table 22: Summary of studies identified per outcome subgroup with more than 4
studies (NA: not available)

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% Cl)

1
DIA 001 w—o— 4.30 (1.81, 10.24)
DIA_008 2.40 (0.70, 8.26)
DIA_009 —-—o— 2.63 (1.20, 5.78)
DIA_014 3.56 (0.97, 13.07)
DIA_015 —.— 1.94 (1.05, 3.58)
DIA_016 — 1.90 (113, 3.19)

|
DIA_018 0.90 (0.32, 2.55)

|
DIA_020 —_ 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 E

T T T T

5 1 2 4 8
no/low exposure high exposure
Figure 35: Summary odds ratio (OR) for the association between DDE exposure and
type 1 diabetes
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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% Cl)

2.46 (1.45, 4.16)

1.90 (0.99, 3.65)

1.09 (0.94, 1.27)

2.49 (1.42, 4.36)

1.96 (1.29, 2.98)

1.30 (0.51, 3.34)

1.76 (1.20, 2.59)

T
5
no/low exposure

high exposure

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

type 1 diabetes
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Study

DIA_007

DIA_013

DIA_021

DIA_022

Overall (I-squared = 0.0%, p = 0.458)

NOTE: Weights are from random effects analysis

OR (95% CI)

1.30 (1.11, 1.52)

1.10(0.78, 1.55)

2.10(0.70, 6.30)

1.75 (0.96, 3.19)

1.29 (1.13, 1.48)

I
.5

no/low 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 (POPs) 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 CVvD 010, ID CVD 011). All but one study (ID CVD 011) had cross-sectional
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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%CI = 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 CVvD 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)
Arthritis Interleukin-13 (IL-13)
Complement components C3, C4 Immunologic effects
Eosinophils Leucocyte counts
Erythrocyte counts Lymphocyte levels
Glycoproteins Neutrophils
Hematocrit/Hemoglobin Natural Killers (NK) cells
Interferon-y (IFN-y) Osteoarthritis
Immunoglobulin 1 (1gG1) Rheumatoid arthritis
Immunoglobulin 4 (1gG4) 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% CI,
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

Pesticide assessed Comparison Lower 95% Cl 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 Carbamates yes/no 7.4 17 31 8 3
APL_001 Paraquat yes/no 2.3 1 5.1 12 24
APL_001 Other occupational pesticides yes/no 1 0.4 2.2 11 32
APL_001 Any household pesticides yes/no 13 0.9 1.9 64 238
APL_001 Organophosphates yes/no 2.1 1 4.4 17 26
APL_001 Paraquat yes/no 19 0.7 4.9 7 20
APL_001 Other occupational pesticides yes/no 11 04 2.7 9 24
APL_003 Agricultural use of pesticides yes/no 2.2 11 4.7 12 23
APL_003 Home use of pesticides yes/no 13 0.9 1.9 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 1.8 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% ClI:
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

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 5 155(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 8 151 (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 11 124 (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 2.50 (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 6 152 (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 6 158 (1.31,1.90) 10%
Asthma (DDT exposure) 5 1.29 (1.14,1.45) 0%
Asthma (paraquat 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 |. 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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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 11OR 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 Il. 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 First author’s last name
Journal Journal in which the study was published
Year Year of publication
Country Country where the study was conducted
Location (continent) 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 calendar period for prospective/ retrospective
studies
Maximum follow-up period in years for prospective/
retrospective studies
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
AENVEESNEREANEEWANELEWMIN 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)

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

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

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

EFSA supporting publication 2013:EN-497 108

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.

716



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

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).
1A RO RS LI G (/I ®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;
[ 00] g74eloell| o Vi [0 IMaTR (o] a7 /=\/VAR 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)
\EERV R fo I ELC LI EM Body fluid or tissue in which the biomarker was measured
blood, plasma, urine, breast milk, (whole blood, plasma, urine, breast milk, placenta, nails, hair,
O EIT B ET SR EITAEE TR To[oS-M 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
Outcome definition Health outcome definition used in the study
Disease category Disease category

Type of effect estimate for the assessment of pesticide and
beta, MD, SMD) health outcome relationship (RR, OR, HR, beta, MD, SMD)
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.)
Effect estimate Value of effect estimate
SE/SD effect stimate Standard error/Standard deviation of effect estimate

Lower 95% ClI Lower 95% confidence interval of the effect estimate
Higher 95% ClI Higher 95% confidence interval of the effect estimate

Adjustment for Confounders/ variables for which the effect estimate was
adjusted for

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

Sample size Total number of participants

N cases Number of cases
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N controls

Statistical method

Study design (prospective,
retrospective, mixed, cross-
sectional)

Inclusion/exclusion criteria clearly
stated (yes, partially, no)

(yes, no)

exposure (high, medium, low)
Robust measurement of exposure.
(biomarker (yes); small area
ecological measures, job titles,
guestionnaire (partial); was based
on large area ecological measures
UY)

Were measures of exposure
specific? Yes; based on broader,
chemically-related groups (partial);
based on broad groupings of diverse
chemical and toxicological
properties (no)

Attempt to balance the allocation
between the groups (e.g., through
stratification, matching)
Adjustment performed for
potential confounders (yes, some,
no)

Assessors blinded to exposure
status (for cohort studies)

Outcomes assessed using valid and
reliable measures, implemented
consistently across all study
participants?

Sample size (top [991], middle,
bottom quartiles[104])
Was source of funding

acknowledged
Rough quality assessment

COMMENTS

Number of controls
Statistical method used to calculate the effect size

Prospective or retrospective type of study design
(prospective, retrospective, mixed, cross-sectional)

Was the description of study participants (population)
inclusion and exclusion criteria detailed? (yes/partially/no)

Do the authors mention power calculations in the manuscript
preceding or proceeding their statistical analysis (yes/no)
Level of detail in which the definition of exposure to
pesticides is provided (high/medium/low)

Was the measurement of exposure robust: biomarker (yes);
small area ecological measures, job titles, questionnaire
(partial); was based on large area ecological measures (no)

Were measures of exposure specific? (yes); based on broader,
chemically-related groups (partial); based on broad groupings
of diverse chemical and toxicological properties (no)

Was an attempt to balance the allocation between the groups
in case-control studies either through stratification or
matching (yes/no)?

Was the effect size adjusted for potential confounders (yes,
some, no)?

Were the assessors blinded to exposure status in cohort
studies (yes/no/;n/a:not available or not applicable when
studies are not cohorts)?

Were the outcomes assessed using valid and reliable
measures implemented consistently across all study
participants (yes/no)

The size of the sample

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

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

Any comments related to the study that help interpretation of
the data extracted
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APPENDIX Ill. REFERENCES TO THE DATA EXTRACTION DATABASE

A.S Al-Sarar, Y. Abo Bakr, G.S Al-Erimah, H.I Hussein, A.E Bayoumi. Hematological and
biochemical alterations in occupationally pesticide-exposed workers of Riyadh municipality,
Kingdom of Saudi Arabia. Research Journal of Enviromental Toxicology 3 (4) : 179-185,
2009 ISSN 1819-3420

Abadi-Korek I, Stark B, Zaizov R, Shaham J. Parental occupational exposure and the risk of
acute lymphoblastic leukemia in offspring in israel. Journal of occupational and
environmental medicine / American College of Occupational and Environmental Medicine.
2006;48:165-174

Abdel Rasoul GM, Abou Salem ME, Mechael AA, Hendy OM, Rohlman DS, Ismail AA.
Effects of occupational pesticide exposure on children applying pesticides.
Neurotoxicology. 2008;29:833-838

Abdelouahab N, Ainmelk Y, Takser L. Polybrominated diphenyl ethers and sperm quality.
Reprod Toxicol. 2011;31:546-550

Abdelouahab N, Mergler D, Takser L, Vanier C, St-Jean M, Baldwin M, Spear PA, Chan HM.
Gender differences in the effects of organochlorines, mercury, and lead on thyroid hormone
levels in lakeside communities of quebec (canada). Environmental research. 2008;107:380-
392

Abu Sham'a F, Skogstad M, Nijem K, Bjertness E, Kristensen P. Lung function and respiratory
symptoms in male palestinian farmers. Arch Environ Occup Health. 2010;65:191-200

Ahamed M, Anand M, Kumar A, Siddiqui MK. Childhood aplastic anaemia in Lucknow, India:
Incidence, organochlorines in the blood and review of case reports following exposure to
pesticides. Clinical biochemistry. 2006;39:762-766

Ahrens W, Mambetova C, Bourdon-Raverdy N, Llopis-Gonzalez A, Guenel P, Hardell L,
Merletti F, Morales-Suarez-Varela M, Olsen J, Olsson H, Vyberg M, Zambon P.
Occupational exposure to endocrine-disrupting compounds and biliary tract cancer among
men. Scand J Work Environ Health. 2007;33:387-396

Airaksinen R, Rantakokko P, Eriksson JG, Blomstedt P, Kajantie E, Kiviranta H. Association
between type 2 diabetes and exposure to persistent organic pollutants. Diabetes care.
2011;34:1972-1979

Al-Saleh I, Al-Doush I, Alsabbaheen A, Mohamed Gel D, Rabbah A. Levels of ddt and its
metabolites in placenta, maternal and cord blood and their potential influence on neonatal
anthropometric measures. The Science of the total environment. 2012;416:62-74

Alavanja MCR, Sandler DP, Hoppin JA, Schroeder P, Lynch CF, Blair A, Mahajan R. Fonofos
exposure and cancer incidence in the agricultural health study. Environmental Health
Perspectives. 2006

Albers JW, Garabrant DH, Mattsson JL, Burns CJ, Cohen SS, Sima C, Garrison RP,
Richardson RJ, Berent S. Dose-effect analyses of occupational chlorpyrifos exposure and
peripheral nerve electrophysiology. Toxicological sciences: an official journal of the Society
of Toxicology. 2007;97:196-204

Alderton LE, Spector LG, Blair CK, Roesler M, Olshan AF, Robison LL, Ross JA. Child and

EFSA supporting publication 2013:EN-497 111

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.

719



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

maternal household chemical exposure and the risk of acute leukemia in children with
Down’'s syndrome: A report from the children's oncology group. American journal of
epidemiology. 2006;164:212-221

Alvarez-Pedrerol M, Guxens M, lbarluzea J, Rebagliato M, Rodriguez A, Espada M, Goni F,
Basterrechea M, Sunyer J. Organochlorine compounds, iodine intake, and thyroid hormone
levels during pregnancy. Environmental science & technology. 2009;43:7909-7915

Alvarez-Pedrerol M, Ribas-Fito N, Torrent M, Carrizo D, Garcia-Esteban R, Grimalt JO,
Sunyer J. Thyroid disruption at birth due to prenatal exposure to beta-
hexachlorocyclohexane. Environment international. 2008;34:737-740

Alvarez-Pedrerol M, Ribas-Fito N, Torrent M, Carrizo D, Grimalt JO, Sunyer J. Effects of
pcbs, p,p'-ddt, p,p'-dde, hcb and beta-hch on thyroid function in preschool children.
Occupational and environmental medicine. 2008;65:452-457

Andersen HR, Schmidt IM, Grandjean P, Jensen TK, Budtz-Jorgensen E, Kjaerstad MB,
Baelum J, Nielsen JB, Skakkebaek NE, Main KM. Impaired reproductive development in
sons of women occupationally exposed to pesticides during pregnancy. Environ Health
Perspect. 2008;116:566-572

Andreotti G, Freeman LE, Hou L, Coble J, Rusiecki J, Hoppin JA, Silverman DT, Alavanja
MC. Agricultural pesticide use and pancreatic cancer risk in the agricultural health study
cohort. International journal of cancer. Journal international du cancer. 2009;124:2495-2500

Aneck-Hahn NH, Schulenburg GW, Bornman MS, Farias P, de Jager C. Impaired semen
quality associated with environmental ddt exposure in young men living in a malaria area in
the limpopo province, south africa. Journal of andrology. 2007;28:423-434

Araoud M, Neffeti F, Douki W, Najjar MF, Kenani A. Paraoxonase 1 correlates with
butyrylcholinesterase and gamma glutamyl transferase in workers chronically exposed to
pesticides. Journal of occupational health. 2010;52:383-388

Arcury TA, Feldman SR, Schulz MR, Vallejos Q, Verma A, Fleischer AB, Jr., Rapp SR, Davis
SF, Preisser JS, Quandt SA. Diagnosed skin diseases among migrant farmworkers in North
Carolina: Prevalence and risk factors. Journal of agricultural safety and health. 2007;13:407-
418

Arguelles LM, Liu X, Venners SA, Ronnenberg AG, Li Z, Yang F, Yang J, Xu X, Wang X.
Serum folate and DDT isomers and metabolites are inversely associated in Chinese women:
A cross-sectional analysis. Journal of the American College of Nutrition. 2009;28:380-387

Aronson KJ, Wilson JW, Hamel M, Diarsvitri W, Fan W, Woolcott C, Heaton JP, Nickel JC,
Macneily A, Morales A. Plasma organochlorine levels and prostate cancer risk. Journal of
exposure science & environmental epidemiology. 2010;20:434-445

Asawasinsopon R, Prapamontol T, Prakobvitayakit O, Vaneesorn Y, Mangklabruks A, Hock B.
Plasma levels of ddt and their association with reproductive hormones in adult men from
northern thailand. The Science of the total environment. 2006;355:98-105

Asawasinsopon R, Prapamontol T, Prakobvitayakit O, Vaneesorn Y, Mangklabruks A, Hock B.
The association between organochlorine and thyroid hormone levels in cord serum: A study
from northern Thailand. Environment international. 2006;32:554-559

Ascherio A, Chen H, Weisskopf MG, O'Reilly E, McCullough ML, Calle EE, Schwarzschild
MA, Thun MJ. Pesticide exposure and risk for Parkinson’s disease. Annals of neurology.

EFSA supporting publication 2013:EN-497 112

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.

720



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

2006;60:197-203

Avivar Oyonarte C. , Duran Salas I. , Molina Arrebola M.A. , Castilla Alcala J.A. , Olea
Serrano N. , Fernandez Cabrera M. Pesticide exposure and decreased sperm count. Revista
del Laboratorio Clinico (2010) 3:1 (4-11).

Axmon A, Thulstrup AM, Rignell-Hydbom A, Pedersen HS, Zvyezday V, Ludwicki JK,
Jonsson BA, Toft G, Bonde JP, Hagmar L. Time to pregnancy as a function of male and
female serum concentrations of 2,2'4,4'5,5'-hexachlorobiphenyl (ch-153) and 1,1-dichloro-
2,2-bis (p-chlorophenyl)-ethylene (p,p'-dde). Hum Reprod. 2006;21:657-665

Azmi MA, Nagvi SN, Akhtar K, Moinuddin, Parveen S, Parveen R, Aslam M. Effect of
pesticide residues on health and blood parameters of farm workers from rural gadap,
karachi, pakistan. Journal of environmental biology / Academy of Environmental Biology,
India. 2009;30:747-756

Baharuddin MR, Sahid IB, Noor MA, Sulaiman N, Othman F. Pesticide risk assessment: A
study on inhalation and dermal exposure to 2,4-d and paraquat among malaysian paddy
farmers. Journal of environmental science and health. Part. B, Pesticides, food contaminants,
and agricultural wastes. 2011;46:600-607

Bahena-Medina LA, Torres-Sanchez L, Schnaas L, Cebrian ME, Chavez CH, Osorio-Valencia
E, Hernandez RM, Lopez-Carrillo L. Neonatal neurodevelopment and prenatal exposure to
dichlorodiphenyldichloroethylene (dde): A cohort study in Mexico. Journal of exposure
science & environmental epidemiology. 2011;21:609-614

Bailey HD, Armstrong BK, de Klerk NH, Fritschi L, Attia J, Scott RJ, Smibert E, Milne E.
Exposure to professional pest control treatments and the risk of childhood acute
lymphoblastic leukemia. International journal of cancer. Journal international du cancer.
2011;129:1678-1688

Band PR, Abanto Z, Bert J, Lang B, Fang R, Gallagher RP, Le ND. Prostate cancer risk and
exposure to pesticides in British Columbia farmers. The Prostate. 2011;71:168-183

Baranska M, Van Amelsvoort L, Birindelli S, Fustinoni S, Corsini E, Liesivuori J, Van Loveren
H. Association of pesticide exposure, vaccination response, and interleukin-1 gene
polymorphisms. Human & experimental toxicology. 2008;27:709-713

Barczyk A, Sozanska E, Pierzchala W. [the influence of occupational exposure to pesticides on
the frequency of chronic obstructive pulmonary diseases]. Wiadomosci lekarskie (Warsaw,
Poland: 1960). 2006;59:596-600

Barr DB, Ananth CV, Yan X, Lashley S, Smulian JC, Ledoux TA, Hore P, Robson MG.
Pesticide concentrations in maternal and umbilical cord sera and their relation to birth
outcomes in a population of pregnant women and newborns in new jersey. The Science of
the total environment. 2010;408:790-795

Barry KH, Koutros S, Berndt SI, Andreotti G, Hoppin JA, Sandler DP, Burdette LA, Yeager M,
Freeman LE, Lubin JH, Ma X, Zheng T, Alavanja MC. Genetic variation in base excision
repair pathway genes, pesticide exposure, and prostate cancer risk. Environ Health Perspect.
2011;119:1726-1732

Barry KH, Koutros S, Lubin JH, Coble JB, Barone-Adesi F, Beane Freeman LE, Sandler DP,
Hoppin JA, Ma X, Zheng T, Alavanja MC. Methyl bromide exposure and cancer risk in the
agricultural health study. Cancer causes & control: CCC. 2012;23:807-818

EFSA supporting publication 2013:EN-497 113

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.

721



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

Bayrami M, Hashemi T, Malekirad AA, Ashayeri H, Faraji F, Abdollahi M.
Electroencephalogram, cognitive state, psychological disorders, clinical symptom, and
oxidative stress in horticulture farmers exposed to organophosphate pesticides. Toxicology
and industrial health. 2012;28:90-96

Beard JD, Umbach DM, Hoppin JA, Richards M, Alavanja MC, Blair A, Sandler DP, Kamel F.
Suicide and pesticide use among pesticide applicators and their spouses in the agricultural
health study. Environ Health Perspect. 2011;119:1610-1615

Behrens T, Lynge E, Cree I, Lutz JM, Eriksson M, Guenel P, Merletti F, Morales-Suarez-
Varela M, Afonso N, Stengrevics A, Fevotte J, Sabroe S, Llopis-Gonzalez A, Gorini G,
Hardell L, Stang A, Ahrens W. Pesticide exposure in farming and forestry and the risk of
uveal melanoma. Cancer causes & control: CCC. 2012;23:141-151

Beltrame D, Lo Cascio N, Miotto D, Mapp CE, De Rosa E, Boschetto P. [occupational
exposure and chronic heart failure severity]. Giornale italiano di medicina del lavoro ed
ergonomia. 2007;29:438-439

Bergonzi R, De Palma G, Specchia C, Dinolfo M, Tomasi C, Frusca T, Apostoli P. Persistent
organochlorine compounds in fetal and maternal tissues: Evaluation of their potential
influence on several indicators of fetal growth and health. The Science of the total
environment. 2011;409:2888-2893

Bertrand KA, Spiegelman D, Aster JC, Altshul LM, Korrick SA, Rodig SJ, Zhang SM, Kurth
T, Laden F. Plasma organochlorine levels and risk of non-hodgkin lymphoma in a cohort of
men. Epidemiology. 2010;21:172-180

Beseler C, Stallones L, Hoppin JA, Alavanja MC, Blair A, Keefe T, Kamel F. Depression and
pesticide exposures in female spouses of licensed pesticide applicators in the agricultural
health study cohort. Journal of occupational and environmental medicine / American
College of Occupational and Environmental Medicine. 2006;48:1005-1013

Beseler CL, Stallones L, Hoppin JA, Alavanja MC, Blair A, Keefe T, Kamel F. Depression and
pesticide exposures among private pesticide applicators enrolled in the agricultural health
study. Environ Health Perspect. 2008;116:1713-1719

Bhalli JA, Khan QM, Hag MA, Khalid AM, Nasim A. Cytogenetic analysis of Pakistani
individuals occupationally exposed to pesticides in a pesticide production industry.
Mutagenesis. 2006;21:143-148

Biggs ML, Davis MD, Eaton DL, Weiss NS, Barr DB, Doody DR, Fish S, Needham LL, Chen
C, Schwartz SM. Serum organochlorine pesticide residues and risk of testicular germ cell
carcinoma: A population-based case-control study. Cancer epidemiology, biomarkers &
prevention: a publication of the American Association for Cancer Research, cosponsored by
the American Society of Preventive Oncology. 2008;17:2012-2018

Blanco-Munoz J, Lacasana M, Aguilar-Garduno C, Rodriguez-Barranco M, Bassol S, Cebrian
ME, Lopez-Flores I, Ruiz-Perez I. Effect of exposure to p,p'-dde on male hormone profile in
mexican flower growers. Occupational and environmental medicine. 2012;69:5-11

Blanco-Munoz J, Morales MM, Lacasana M, Aguilar-Garduno C, Bassol S, Cebrian ME.
Exposure to organophosphate pesticides and male hormone profile in floriculturist of the
state of morelos, Mexico. Hum Reprod. 2010;25:1787-1795

Boers D, Portengen L, Bueno-de-Mesquita HB, Heederik D, Vermeulen R. Cause-specific

EFSA supporting publication 2013:EN-497 114

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.

722



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

mortality of dutch chlorophenoxy herbicide manufacturing workers. Occupational and
environmental medicine. 2010;67:24-31

Boers D, van Amelsvoort L, Colosio C, Corsini E, Fustinoni S, Campo L, Bosetti C, La
Vecchia C, Vergieva T, Tarkowski M, Liesivuori J, Steerenberg P, van Loveren H.
Asthmatic symptoms after exposure to ethylenebisdithiocarbamates and other pesticides in
the europit field studies. Human & experimental toxicology. 2008;27:721-727

Bonde JP, Toft G, Rylander L, Rignell-Hydbom A, Giwercman A, Spano M, Manicardi GC,
Bizzaro D, Ludwicki JK, Zvyezday V, Bonefeld-Jorgensen EC, Pedersen HS, Jonsson BA,
Thulstrup AM. Fertility and markers of male reproductive function in Inuit and European
populations spanning large contrasts in blood levels of persistent organochlorines. Environ
Health Perspect. 2008;116:269-277

Bonner MR, Caoble J, Blair A, Beane Freeman LE, Hoppin JA, Sandler DP, Alavanja MC.
Malathion exposure and the incidence of cancer in the agricultural health study. American
journal of epidemiology. 2007;166:1023-1034

Bonner MR, Williams BA, Rusiecki JA, Blair A, Beane Freeman LE, Hoppin JA, Dosemeci M,
Lubin J, Sandler DP, Alavanja MC. Occupational exposure to terbufos and the incidence of
cancer in the agricultural health study. Cancer causes & control: CCC. 2010;21:871-877

Bonvicini F, Marcello N, Mandrioli J, Pietrini V, Vinceti M. Exposure to pesticides and risk of
amyotrophic lateral sclerosis: A population-based case-control study. Annali dell'lstituto
superiore di sanita. 2010;46:284-287

Borkowski WJ, Riederer A, Prapamontol T. Neurological evaluation of newborn infants of
mothers working in citrus groves in northern Thailand. International journal of occupational
and environmental health. 2011;17:135-143

Bornman R, de Jager C, Worku Z, Farias P, Reif S. Ddt and urogenital malformations in
newborn boys in a malarial area. BJU international. 2010;106:405-411

Bouchard MF, Bellinger DC, Wright RO, Weisskopf MG. Attention-deficit/hyperactivity
disorder and urinary metabolites of organophosphate pesticides. Pediatrics. 2010;125:e1270-
1277

Bouchard MF, Chevrier J, Harley KG, Kogut K, Vedar M, Calderon N, Trujillo C, Johnson C,
Bradman A, Barr DB, Eskenazi B. Prenatal exposure to organophosphate pesticides and iq
in 7-year-old children. Environ Health Perspect. 2011;119:1189-1195

Bréuner EV, Sgrensen M, Gaudreau E, LeBlanc A, Eriksen KT, Tjgnneland A, Overvad K,
Raaschou-Nielsen O. A prospective study of organochlorines in adipose tissue and risk of
non-hodgkin lymphoma. Environmental Health Perspectives. 2011;120:105-111

Brender JD, Felkner M, Suarez L, Canfield MA, Henry JP. Maternal pesticide exposure and
neural tube defects in Mexican Americans. Annals of epidemiology. 2010;20:16-22

Bretveld R, Zielhuis GA, Roeleveld N. Time to pregnancy among female greenhouse workers.
Scandinavian Journal of Work, Environment & Health. 2006;32:359-367

Bretveld RW, Hooiveld M, Zielhuis GA, Pellegrino A, van Rooij IA, Roeleveld N.
Reproductive disorders among male and female greenhouse workers. Reprod Toxicol.
2008;25:107-114

Brighina L, Frigerio R, Schneider NK, Lesnick TG, de Andrade M, Cunningham JM, Farrer

EFSA supporting publication 2013:EN-497 115

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.

723



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

MJ, Lincoln SJ, Checkoway H, Rocca WA, Maraganore DM. Alpha-synuclein, pesticides,
and Parkinson disease: A case-control study. Neurology. 2008;70:1461-1469

Brooks K, Hasan H, Samineni S, Gangur V, Karmaus W. Placental p,p'-
dichlorodiphenyldichloroethylene and cord blood immune markers. Pediatric allergy and
immunology: official publication of the European Society of Pediatric Allergy and
Immunology. 2007;18:621-624

Brouwers MM, Feitz WF, Roelofs LA, Kiemeney LA, de Gier RP, Roeleveld N. Risk factors
for hypospadias. European journal of pediatrics. 2007;166:671-678

Browne RO, Moyal-Segal LB, Zumsteg D, David Y, Kofman O, Berger A, Soreq H, Friedman
A. Coding region paraoxonase polymorphisms dictate accentuated neuronal reactions in
chronic, sub-threshold pesticide exposure. FASEB journal: official publication of the
Federation of American Societies for Experimental Biology. 2006;20:1733-1735

Brucker-Davis F, Ducot B, Wagner-Mahler K, Tommasi C, Ferrari P, Pacini P, Boda-Buccino
M, Bongain A, Azuar P, Fenichel P. [environmental pollutants in maternal milk and
cryptorchidism]. Gynecologie, obstetrique & fertilite. 2008;36:840-847

Brucker-Davis F, Ferrari P, Boda-Buccino M, Wagner-Mahler K, Pacini P, Gal J, Azuar P,
Fenichel P. Cord blood thyroid tests in boys born with and without cryptorchidism:
Correlations with birth parameters and in utero xenobiotics exposure. Thyroid: official
journal of the American Thyroid Association. 2011;21:1133-1141

Brucker-Davis F, Wagner-Mahler K, Bornebusch L, Delattre I, Ferrari P, Gal J, Boda-Buccino
M, Pacini P, Tommasi C, Azuar P, Bongain A, Fenichel P. Exposure to selected endocrine
disruptors and neonatal outcome of 86 healthy boys from nice area (france). Chemosphere.
2010;81:169-176

Brucker-Davis F, Wagner-Mahler K, Delattre 1, Ducot B, Ferrari P, Bongain A, Kurzenne JY,
Mas JC, Fenichel P. Cryptorchidism at birth in nice area (France) is associated with higher
prenatal exposure to pchs and dde, as assessed by colostrum concentrations. Hum Reprod.
2008;23:1708-1718

Brulls C., Niggemann H., Weissbach W., Dott W., Fischer M., Merk H.F., Blomeke B.,
Isselstein J., llgner, Westhofen M., Wiesmuller G.A.. Pilot study on living conditions and
living factors investigated in patients suffering from self-reported multiple chemical
sensitivity, fragrance allergies or polyposis nasi. Atemwegs- und Lungenkrankheiten (2008)
34:5(187-198)

Buck Louis GM, Rios LI, McLain A, Cooney MA, Kostyniak PJ, Sundaram R. Persistent

organochlorine pollutants and menstrual cycle characteristics. Chemosphere. 2011;85:1742-
1748

Burdorf A, Brand T, Jaddoe VW, Hofman A, Mackenbach JP, Steegers EA. The effects of
work-related maternal risk factors on time to pregnancy, preterm birth and birth weight: The
generation r study. Occupational and environmental medicine. 2011;68:197-204

Burns JS, Williams PL, Sergeyev O, Korrick SA, Lee MM, Revich B, Altshul L, Del Prato JT,
Humblet O, Patterson DG, Turner WE, Starovoytov M, Hauser R. Serum concentrations of
organochlorine pesticides and growth among russian boys. Environ Health Perspect.
2012;120:303-308

Bustamante Montes LP, Waliszewski S, Hernandez-Valero M, Sanin-Aguirre L, Infanzon-Ruiz

EFSA supporting publication 2013:EN-497 116

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.

724



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

RM, Janas AG. [prenatal exposure to organochlorine pesticides and cryptorchidism].
Ciencia & saude coletiva. 2010;15 Suppl 1:1169-1174

Carbone P, Giordano F, Nori F, Mantovani A, Taruscio D, Lauria L, Figa-Talamanca I. The
possible role of endocrine disrupting chemicals in the aetiology of cryptorchidism and
hypospadias: A population-based case-control study in rural Sicily. International journal of
andrology. 2007;30:3-13

Carmichael SL, Herring AH, Sjodin A, Jones R, Needham L, Ma C, Ding K, Shaw GM.
Hypospadias and halogenated organic pollutant levels in maternal mid-pregnancy serum
samples. Chemosphere. 2010;80:641-646

Carozza SE, Li B, Wang Q, Horel S, Cooper S. Agricultural pesticides and risk of childhood
cancers. International journal of hygiene and environmental health. 2009;212:186-195

Cha ES, Lee YK, Moon EK, Kim YB, Lee YJ, Jeong WC, Cho EY, Lee 1J, Hur J, Ha M, Lee
WJ. Paraquat application and respiratory health effects among South Korean farmers.
Occupational and environmental medicine. 2012;69:398-403

Chakraborty S, Mukherjee S, Roychoudhury S, Siddique S, Lahiri T, Ray MR. Chronic
exposures to cholinesterase-inhibiting pesticides adversely affect respiratory health of
agricultural workers in india. Journal of occupational health. 2009;51:488-497

Chang CK, Astrakianakis G, Thomas DB, Seixas NS, Ray RM, Gao DL, Wernli KJ,
Fitzgibbons ED, Vaughan TL, Checkoway H. Occupational exposures and risks of liver
cancer among shanghai female textile workers--a case-cohort study. International journal of
epidemiology. 2006;35:361-369

Chang YL, Li J, Yao SQ, Hu WN, Jiang SF, Guo Z, Yang L, Li DD, Li YM, Liu Y. [a case-
control study on serum organochlorines residues, genetic polymorphisms of glutathione s-
transferase t1 and the risks of breast cancer]. Zhonghua liu xing bing xue za zhi = Zhonghua
liuxingbingxue zazhi. 2008;29:763-766

Charles LE, Burchfiel CM, Fekedulegn D, Gu JK, Petrovitch H, Sanderson WT, Masaki K,
Rodriguez BL, Andrew ME, Ross GW. Occupational exposure to pesticides, metals, and
solvents: The impact on mortality rates in the Honolulu heart program. Work. 2010;37:205-
215

Charles LE, Burchfiel CM, Fekedulegn D, Kashon ML, Ross GW, Petrovitch H, Sanderson
WT. Occupational exposures and movement abnormalities among japanese-american men:
The honolulu-asia aging study. Neuroepidemiology. 2006;26:130-139

Charles LE, Burchfiel CM, Fekedulegn D, Kashon ML, Ross GW, Sanderson WT, Petrovitch
H. Occupational and other risk factors for hand-grip strength: The honolulu-asia aging
study. Occupational and environmental medicine. 2006;63:820-827

Chatzi L, Alegakis A, Kruger-Krasagakis S, Lionis C. Skin symptoms and work-related skin
symptoms among grape farmers in crete, greece. American journal of industrial medicine.
2006;49:77-84

Chatzi L, Alegakis A, Tzanakis N, Siafakas N, Kogevinas M, Lionis C. Association of allergic
rhinitis with pesticide use among grape farmers in crete, greece. Occupational and
environmental medicine. 2007;64:417-421

Chen SC, Wong RH, Shiu LJ, Chiou MC, Lee H. Exposure to mosquito coil smoke may be a
risk factor for lung cancer in Taiwan. Journal of epidemiology / Japan Epidemiological

EFSA supporting publication 2013:EN-497 117

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.

725



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

Association. 2008;18:19-25

Chen Z, Robison L, Giller R, Krailo M, Davis M, Davies S, Shu XO. Environmental exposure
to residential pesticides, chemicals, dusts, fumes, and metals, and risk of childhood germ
cell tumors. International journal of hygiene and environmental health. 2006;209:31-40

Chevrier C, Limon G, Monfort C, Rouget F, Garlantezec R, Petit C, Durand G, Cordier S.
Urinary biomarkers of prenatal atrazine exposure and adverse birth outcomes in the pelagie
birth cohort. Environ Health Perspect. 2011;119:1034-1041

Chevrier J, Eskenazi B, Holland N, Bradman A, Barr DB. Effects of exposure to
polychlorinated biphenyls and organochlorine pesticides on thyroid function during
pregnancy. American journal of epidemiology. 2008;168:298-310

Chitra GA, Muraleedharan VR, Swaminathan T, Veeraraghavan D. Use of pesticides and its
impact on health of farmers in south india. International journal of occupational and
environmental health. 2006;12:228-233

Chiu BC, Dave BJ, Blair A, Gapstur SM, Zahm SH, Weisenburger DD. Agricultural pesticide
use and risk of t(14;18)-defined subtypes of non-hodgkin lymphoma. Blood.
2006;108:1363-1369

Christensen CH, Platz EA, Andreotti G, Blair A, Hoppin JA, Koutros S, Lynch CF, Sandler
DP, Alavanja MC. Coumaphos exposure and incident cancer among male participants in the
agricultural health study (ahs). Environ Health Perspect. 2010;118:92-96

Cocco P, Brennan P, Ibba A, de Sanjose Llongueras S, Maynadie M, Nieters A, Becker N,
Ennas MG, Tocco MG, Boffetta P. Plasma polychlorobiphenyl and organochlorine pesticide
level and risk of major lymphoma subtypes. Occupational and environmental medicine.
2008;65:132-140

Cockburn M, Mills P, Zhang X, Zadnick J, Goldberg D, Ritz B. Prostate cancer and ambient
pesticide exposure in agriculturally intensive areas in california. American journal of
epidemiology. 2011;173:1280-1288

Codru N, Schymura MJ, Negoita S, Rej R, Carpenter DO. Diabetes in relation to serum levels
of polychlorinated biphenyls and chlorinated pesticides in adult Native Americans. Environ
Health Perspect. 2007;115:1442-1447

Cohn BA, Cirillo PM, Christianson RE. Prenatal ddt exposure and testicular cancer: A nested
case-control study. Arch Environ Occup Health. 2010;65:127-134

Cohn BA, Wolff MS, Cirillo PM, Sholtz RI. Ddt and breast cancer in young women: New data
on the significance of age at exposure. Environ Health Perspect. 2007;115:1406-1414

Cole DC, Wainman B, Sanin LH, Weber JP, Muggah H, Ibrahim S. Environmental
contaminant levels and fecundability among non-smoking couples. Reprod Toxicol.
2006;22:13-19

Collins JJ, Bodner K, Aylward LL, Wilken M, Swaen G, Budinsky R, Rowlands C, Bodnar
CM. Mortality rates among workers exposed to dioxins in the manufacture of
pentachlorophenol. Journal of occupational and environmental medicine / American College
of Occupational and Environmental Medicine. 2009;51:1212-1219

Colt JS, Davis S, Severson RK, Lynch CF, Cozen W, Camann D, Engels EA, Blair A, Hartge
P. Residential insecticide use and risk of non-hodgkin's lymphoma. Cancer epidemiology,

EFSA supporting publication 2013:EN-497 118

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.

726



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

biomarkers & prevention: a publication of the American Association for Cancer Research,
cosponsored by the American Society of Preventive Oncology. 2006;15:251-257

Colt JS, Rothman N, Severson RK, Hartge P, Cerhan JR, Chatterjee N, Cozen W, Morton LM,
De Roos AJ, Davis S, Chanock S, Wang SS. Organochlorine exposure, immune gene
variation, and risk of hon-hodgkin lymphoma. Blood. 2009;113:1899-1905

Cooney MA, Buck Louis GM, Hediger ML, Vexler A, Kostyniak PJ. Organochlorine pesticides
and endometriosis. Reprod Toxicol. 2010;30:365-369

Cooney MA, Daniels JL, Ross JA, Breslow NE, Pollock BH, Olshan AF. Household pesticides
and the risk of wilms tumor. Environmental Health Perspectives. 2006;115:134-137

Cooper GS, Parks CG, Schur PS, Fraser PA. Occupational and environmental associations with
antinuclear antibodies in a general population sample. Journal of toxicology and
environmental health. Part A. 2006;69:2063-2069

Cornelis C, Schoeters G, Kellen E, Buntinx F, Zeegers M. Development of a gis-based
indicator for environmental pesticide exposure and its application to a belgian case-control
study on bladder cancer. International journal of hygiene and environmental health.
2009;212:172-185

Costello S, Cockburn M, Bronstein J, Zhang X, Ritz B. Parkinson's disease and residential
exposure to maneb and paraquat from agricultural applications in the central valley of
california. American journal of epidemiology. 2009;169:919-926

Cote S, Ayotte P, Dodin S, Blanchet C, Mulvad G, Petersen HS, Gingras S, Dewailly E. Plasma
organochlorine concentrations and bone ultrasound measurements: A cross-sectional study
in peri-and postmenopausal inuit women from greenland. Environmental health: a global
access science source. 2006;5:33

Cox S, Niskar AS, Narayan KM, Marcus M. Prevalence of self-reported diabetes and exposure
to organochlorine pesticides among Mexican Americans: Hispanic health and nutrition
examination survey, 1982-1984. Environ Health Perspect. 2007;115:1747-1752

Crawford JM, Hoppin JA, Alavanja MC, Blair A, Sandler DP, Kamel F. Hearing loss among
licensed pesticide applicators in the agricultural health study. Journal of occupational and
environmental medicine / American College of Occupational and Environmental Medicine.
2008;50:817-826

Cupul-Uicab LA, Gladen BC, Hernandez-Avila M, Weber JP, Longnecker MP. Dde, a
degradation product of ddt, and duration of lactation in a highly exposed area of mexico.
Environ Health Perspect. 2008;116:179-183

Cupul-Uicab LA, Hernandez-Avila M, Terrazas-Medina EA, Pennell ML, Longnecker MP.
Prenatal exposure to the major ddt metabolite 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene
(dde) and growth in boys from mexico. Environmental research. 2010;110:595-603

Dallaire R, Dewalilly E, Ayotte P, Muckle G, Laliberte C, Bruneau S. Effects of prenatal
exposure to organochlorines on thyroid hormone status in newborns from two remote
coastal regions in quebec, canada. Environmental research. 2008;108:387-392

Dallaire R, Dewailly E, Pereg D, Dery S, Ayotte P. Thyroid function and plasma concentrations
of polyhalogenated compounds in inuit adults. Environ Health Perspect. 2009;117:1380-
1386

EFSA supporting publication 2013:EN-497 119

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.

727



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

Dallaire R, Muckle G, Dewalilly E, Jacobson SW, Jacobson JL, Sandanger TM, Sandau CD,
Ayotte P. Thyroid hormone levels of pregnant inuit women and their infants exposed to
environmental contaminants. Environ Health Perspect. 2009;117:1014-1020

Dallaire R, Muckle G, Rouget F, Kadhel P, Bataille H, Guldner L, Seurin S, Chajes V, Monfort
C, Boucher O, Thome JP, Jacobson SW, Multigner L, Cordier S. Cognitive, visual, and
motor development of 7-month-old guadeloupean infants exposed to chlordecone.
Environmental research. 2012;118:79-85

Damgaard IN, Skakkebaek NE, Toppari J, Virtanen HE, Shen H, Schramm K-W, Petersen JH,
Jensen TK, Main KM. Persistent pesticides in human breast milk and cryptorchidism.
Environmental Health Perspectives. 2006;114:1133-1138

Darnerud PO, Lignell S, Glynn A, Aune M, Tornkvist A, Stridsberg M. Pop levels in breast
milk and maternal serum and thyroid hormone levels in mother-child pairs from uppsala,
sweden. Environment international. 2010;36:180-187

Dassanayake T, Gawarammana 1B, Weerasinghe V, Dissanayake PS, Pragaash S, Dawson A,
Senanayake N. Auditory event-related potential changes in chronic occupational exposure to
organophosphate pesticides. Clinical neurophysiology: official journal of the International
Federation of Clinical Neurophysiology. 2009;120:1693-1698

Dayton SB, Sandler DP, Blair A, Alavanja M, Beane Freeman LE, Hoppin JA. Pesticide use
and myocardial infarction incidence among farm women in the agricultural health study.
Journal of occupational and environmental medicine / American College of Occupational
and Environmental Medicine. 2010;52:693-697

De Fleurian G, Perrin J, Ecochard R, Dantony E, Lanteaume A, Achard V, Grillo JM,
Guichaoua MR, Botta A, Sari-Minodier 1. Occupational exposures obtained by
questionnaire in clinical practice and their association with semen quality. Journal of
andrology. 2009;30:566-579

de Jager C, Aneck-Hahn NH, Bornman MS, Farias P, Leter G, Eleuteri P, Rescia M, Spano M.
Sperm chromatin integrity in ddt-exposed young men living in a malaria area in the limpopo
province, south africa. Hum Reprod. 2009;24:2429-2438

De Jager C, Farias P, Barraza-Villarreal A, Avila MH, Ayotte P, Dewailly E, Dombrowski C,
Rousseau F, Sanchez VD, Bailey JL. Reduced seminal parameters associated with
environmental ddt exposure and p,p'-dde concentrations in men in chiapas, mexico: A cross-
sectional study. Journal of andrology. 2006;27:16-27

de Souza A, Medeiros Ados R, de Souza AC, Wink M, Siqueira IR, Ferreira MB, Fernandes L,
Loayza Hidalgo MP, Torres IL. [evaluation of the impact of exposure to pesticides on the
health of the rural population: Vale do taquari, state of rio grande do sul (brazil)]. Ciencia &
saude coletiva. 2011;16:3519-3528

Delancey JO, Alavanja MC, Coble J, Blair A, Hoppin JA, Austin HD, Beane Freeman LE.
Occupational exposure to metribuzin and the incidence of cancer in the agricultural health
study. Annals of epidemiology. 2009;19:388-395

Delport R, Bornman R, MaclIntyre UE, Oosthuizen NM, Becker PJ, Aneck-Hahn NH, de Jager
C. Changes in retinol-binding protein concentrations and thyroid homeostasis with
nonoccupational exposure to ddt. Environ Health Perspect. 2011;119:647-651

Demers PA, Davies HW, Friesen MC, Hertzman C, Ostry A, Hershler R, Teschke K. Cancer

EFSA supporting publication 2013:EN-497 120

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.

728



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

and occupational exposure to pentachlorophenol and tetrachlorophenol (canada). Cancer
causes & control: CCC. 2006;17:749-758

Den Hond E, Dhooge W, Bruckers L, Schoeters G, Nelen V, van de Mieroop E, Koppen G,
Bilau M, Schroijen C, Keune H, Baeyens W, van Larebeke N. Internal exposure to
pollutants and sexual maturation in flemish adolescents. Journal of exposure science &
environmental epidemiology. 2011;21:224-233

Deng F, Tao FB, Liu DY, Xu YY, Hao JH, Sun Y, Su PY. Effects of growth environments and
two environmental endocrine disruptors on children with idiopathic precocious puberty.
European journal of endocrinology / European Federation of Endocrine Societies.
2012;166:803-809

Dennis LK, Lowe JB, Lynch CF, Alavanja MC. Cutaneous melanoma and obesity in the
agricultural health study. Annals of epidemiology. 2008;18:214-221

Dennis LK, Lynch CF, Sandler DP, Alavanja MC. Pesticide use and cutaneous melanoma in
pesticide applicators in the agricultural heath study. Environ Health Perspect. 2010;118:812-
817

Dhillon AS, Tarbutton GL, Levin JL, Plotkin GM, Lowry LK, Nalbone JT, Shepherd S.
Pesticide/environmental exposures and parkinson's disease in east texas. Journal of
agromedicine. 2008;13:37-48

Dhooge W, Den Hond E, Koppen G, Bruckers L, Nelen V, Van De Mieroop E, Bilau M, Croes
K, Baeyens W, Schoeters G, Van Larebeke N. Internal exposure to pollutants and body size
in flemish adolescents and adults: Associations and dose-response relationships.
Environment international. 2010;36:330-337

Dhooge W, den Hond E, Koppen G, Bruckers L, Nelen V, van de Mieroop E, Bilau M, Croes
K, Baeyens W, Schoeters G, van Larebeke N. Internal exposure to pollutants and sex
hormone levels in flemish male adolescents in a cross-sectional study: Associations and
dose-response relationships. Journal of exposure science & environmental epidemiology.
2011;21:106-113

Dick FD, De Palma G, Ahmadi A, Scott NW, Prescott GJ, Bennett J, Semple S, Dick S,
Counsell C, Mozzoni P, Haites N, Wettinger SB, Mutti A, Otelea M, Seaton A, Soderkvist
P, Felice A. Environmental risk factors for Parkinson's disease and Parkinsonism: The
geoparkinson study. Occupational and environmental medicine. 2007;64:666-672

Dirinck E, Jorens PG, Covaci A, Geens T, Roosens L, Neels H, Mertens I, Van Gaal L. Obesity
and persistent organic pollutants: Possible obesogenic effect of organochlorine pesticides
and polychlorinated biphenyls. Obesity (Silver Spring). 2011;19:709-714

Djordjevic M, Sazdanovic P, Djordjevic G, Jovanovic B. Morbidity in newborns exposed to
organophosphorus pesticides. Medicinski pregled. 2010;63:414-417

Dugas J, Nieuwenhuijsen MJ, Martinez D, Iszatt N, Nelson P, Elliott P. Use of biocides and
insect repellents and risk of hypospadias. Occupational and environmental medicine.
2010;67:196-200

Duk-Hee Lee, Michael W. Steffes, Andreas Sjodin, Richard S. Jones, Larry L. Needham, David
R., Jacobs Jr. Low Dose Organochlorine Pesticides and Polychlorinated Biphenyls Predict
Obesity, Dyslipidemia, and Insulin Resistance among People Free of Diabetes. PLoS ONE
2011 ; 6(1): 15977

EFSA supporting publication 2013:EN-497 121

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.

729



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

Eckerman DA, Gimenes LS, de Souza RC, Galvao PR, Sarcinelli PN, Chrisman JR. Age
related effects of pesticide exposure on neurobehavioral performance of adolescent farm
workers in brazil. Neurotoxicology and teratology. 2007;29:164-175

Eggesbo M, Stigum H, Longnecker MP, Polder A, Aldrin M, Basso O, Thomsen C, Skaare JU,
Becher G, Magnus P. Levels of hexachlorobenzene (hcb) in breast milk in relation to birth
weight in a norwegian cohort. Environmental research. 2009;109:559-566

El-Helaly M, Abdel-Elah K, Haussein A, Shalaby H. Paternal occupational exposures and the
risk of congenital malformations--a case-control study. International journal of occupational
medicine and environmental health. 2011;24:218-227

Elbaz A, Clavel J, Rathouz PJ, Moisan F, Galanaud JP, Delemotte B, Alperovitch A, Tzourio
C. Professional exposure to pesticides and parkinson disease. Annals of neurology.
2009;66:494-504

Elobeid MA, Padilla MA, Brock DW, Ruden DM, Allison DB. Endocrine disruptors and
obesity: An examination of selected persistent organic pollutants in the nhanes 1999-2002
data. International journal of environmental research and public health. 2010;7:2988-3005

Engel SM, Berkowitz GS, Barr DB, Teitelbaum SL, Siskind J, Meisel SJ, Wetmur JG, Wolff
MS. Prenatal organophosphate metabolite and organochlorine levels and performance on the
brazelton neonatal behavioral assessment scale in a multiethnic pregnancy cohort. American
journal of epidemiology. 2007;165:1397-1404

Engel SM, Wetmur J, Chen J, Zhu C, Barr DB, Canfield RL, Wolff MS. Prenatal exposure to
organophosphates, paraoxonase 1, and cognitive development in childhood. Environ Health
Perspect. 2011;119:1182-1188

English RG, Perry M, Lee MM, Hoffman E, Delport S, Dalvie MA. Farm residence and
reproductive health among boys in rural South Africa. Environment international.
2012;47:73-79

Eriksson M, Hardell L, Carlberg M, Akerman M. Pesticide exposure as risk factor for non-
hodgkin lymphoma including histopathological subgroup analysis. International journal of
cancer. Journal international du cancer. 2008;123:1657-1663

Eskenazi B, Marks AR, Bradman A, Fenster L, Johnson C, Barr DB, Jewell NP. In utero
exposure to dichlorodiphenyltrichloroethane (ddt) and dichlorodiphenyldichloroethylene
(dde) and neurodevelopment among young mexican american children. Pediatrics.
2006;118:233-241

Eskenazi B, Marks AR, Bradman A, Harley K, Barr DB, Johnson C, Morga N, Jewell NP.
Organophosphate pesticide exposure and neurodevelopment in young mexican-american
children. Environ Health Perspect. 2007;115:792-798

Everett CJ, Frithsen IL, Diaz VA, Koopman RJ, Simpson WM, Jr., Mainous AG, 3rd.
Association of a polychlorinated dibenzo-p-dioxin, a polychlorinated biphenyl, and ddt with
diabetes in the 1999-2002 national health and nutrition examination survey. Environmental
research. 2007;103:413-418

Everett CJ, Matheson EM. Biomarkers of pesticide exposure and diabetes in the 1999-2004
national health and nutrition examination survey. Environment international. 2010;36:398-
401

EFSA supporting publication 2013:EN-497 122

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.

730



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

F. Giordano, V. Ddl’ Orco, G. Galante, F. Giannandrea,

Fang F, Quinlan P, Ye W, Barber MK, Umbach DM, Sandler DP, Kamel F. Workplace
exposures and the risk of amyotrophic lateral sclerosis. Environ Health Perspect.
2009;117:1387-1392

Farooq U, Joshi M, Nookala V, Cheriyath P, Fischman D, Graber NJ, Stellman SD, Muscat J.
Self-reported exposure to pesticides in residential settings and risk of breast cancer: A case-
control study. Environmental health : a global access science source. 2010;9:30

Farr SL, Cai J, Savitz DA, Sandler DP, Hoppin JA, Cooper GS. Pesticide exposure and timing
of menopause: The agricultural health study. American journal of epidemiology.
2006;163:731-742

Fatemeh Tohidia, Farzaneh Farrokhib, Ali Taravatic. Effects of pesticide on the thyroid
hormones of pesticide sprayers living in Mazandaran. Abstracts.
doi:10.1016/j.clinbiochem.2011.08.1063

Fear NT, Hey K, Vincent T, Murphy M. Paternal occupation and neural tube defects: A case-
control study based on the oxford record linkage study register. Paediatric and perinatal
epidemiology. 2007;21:163-168

Fear NT, Vincent TJ, King JC, MacCarthy A, Bunch KJ, Murphy MF. Wilms tumour and
paternal occupation: An analysis of data from the national registry of childhood tumours.
Pediatric blood & cancer. 2009;53:28-32

Feldman AL, Johansson AL, Nise G, Gatz M, Pedersen NL, Wirdefeldt K. Occupational
exposure in parkinsonian disorders: A 43-year prospective cohort study in men.
Parkinsonism & related disorders. 2011;17:677-682

Felix JF, van Dooren MF, Klaassens M, Hop WC, Torfs CP, Tibboel D. Environmental factors
in the etiology of esophageal atresia and congenital diaphragmatic hernia: Results of a case-
control study. Birth defects research. Part A, Clinical and molecular teratology. 2008;82:98-
105

Feng Hong qgi, Yang Lin, Guo Ling, Huang Wen li, Xu Bo nan, LI Zhao Xiang, Wang
Tong. A case control study on the risk factors of Yunnan endemic sudden cardiac death.
Chin J Endemiol Jul 20 2005 Vol 24 No.4 ; 1000-4955 2005 04-0414-03

Fenster L, Eskenazi B, Anderson M, Bradman A, Harley K, Hernandez H, Hubbard A, Barr
DB. Association of in utero organochlorine pesticide exposure and fetal growth and length
of gestation in an agricultural population. Environmental Health Perspectives.
2005;114:597-602

Fenster L, Eskenazi B, Anderson M, Bradman A, Hubbard A, Barr DB. In utero exposure to
ddt and performance on the brazelton neonatal behavioral assessment scale.
Neurotoxicology. 2007;28:471-477

Ferguson KK, Hauser R, Altshul L, Meeker JD. Serum concentrations of p, p'-dde, hch, pcbs
and reproductive hormones among men of reproductive age. Reprod Toxicol. 2012;34:429-
435

Fernandez MF, Olmos B, Granada A, Lopez-Espinosa MJ, Molina-Molina JM, Fernandez JM,
Cruz M, Olea-Serrano F, Olea N. Human exposure to endocrine-disrupting chemicals and
prenatal risk factors for cryptorchidism and hypospadias: A nested case-control study.

EFSA supporting publication 2013:EN-497 123

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.

731



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

Environ Health Perspect. 2007;115 Suppl 1:8-14

Fieten KB, Kromhout H, Heederik D, van Wendel de Joode B. Pesticide exposure and
respiratory health of indigenous women in costa rica. American journal of epidemiology.
2009;169:1500-1506

Firestone JA, Lundin JI, Powers KM, Smith-Weller T, Franklin GM, Swanson PD, Longstreth
WT, Jr., Checkoway H. Occupational factors and risk of Parkinson’s disease: A population-
based case-control study. American journal of industrial medicine. 2010;53:217-223

Fong CS, Wu RM, Shieh JC, Chao YT, Fu YP, Kuao CL, Cheng CW. Pesticide exposure on
southwestern Taiwanese with mnsod and ngol polymorphisms is associated with increased
risk of parkinson's disease. Clinica chimica acta; international journal of clinical chemistry.
2007;378:136-141

Fortes C, Mastroeni S, Melchi F, Pilla MA, Alotto M, Antonelli G, Camaione D, Bolli S,
Luchetti E, Pasquini P. The association between residential pesticide use and cutaneous
melanoma. Eur J Cancer. 2007;43:1066-1075

Freeman LE, Rusiecki JA, Hoppin JA, Lubin JH, Koutros S, Andreotti G, Zahm SH, Hines CJ,
Coble JB, Barone-Adesi F, Sloan J, Sandler DP, Blair A, Alavanja MC. Atrazine and cancer
incidence among pesticide applicators in the agricultural health study (1994-2007). Environ
Health Perspect. 2011;119:1253-1259

Freire C, Lopez-Espinosa MJ, Fernandez M, Molina-Molina JM, Prada R, Olea N. Prenatal
exposure to organochlorine pesticides and tsh status in newborns from southern spain. The
Science of the total environment. 2011;409:3281-3287

Freire C, Ramos R, Amaya E, Fernandez MF, Santiago-Fernandez P, Lopez-Espinosa MJ,
Arrebola JP, Olea N. Newborn tsh concentration and its association with cognitive
development in healthy boys. European journal of endocrinology / European Federation of
Endocrine Societies. 2010;163:901-909

Friesen MC, Davies HW, Teschke K, Ostry AS, Hertzman C, Demers PA. Impact of the
specificity of the exposure metric on exposure-response relationships. Epidemiology.
2007;18:88-94

Frigerio R, Sanft KR, Grossardt BR, Peterson BJ, Elbaz A, Bower JH, Ahlskog JE, de Andrade
M, Maraganore DM, Rocca WA. Chemical exposures and Parkinson's disease: A
population-based case-control study. Movement disorders: official journal of the Movement
Disorder Society. 2006;21:1688-1692

Fritschi L, Glass DC, Tabrizi JS, Leavy JE, Ambrosini GL. Occupational risk factors for
prostate cancer and benign prostatic hyperplasia: A case-control study in Western Australia.
Occupational and environmental medicine. 2007;64:60-65

Gabel P, Jensen MS, Andersen HR, Baelum J, Thulstrup AM, Bonde JP, Toft G. The risk of
cryptorchidism among sons of women working in horticulture in Denmark: A cohort study.
Environmental health: a global access science source. 2011;10:100

Gallagher RP, Macarthur AC, Lee TK, Weber JP, Leblanc A, Mark Elwood J, Borugian M,
Abanto Z, Spinelli JJ. Plasma levels of polychlorinated biphenyls and risk of cutaneous
malignant melanoma: A preliminary study. International journal of cancer. Journal
international du cancer. 2011;128:1872-1880

Ganesh B, Sushama S, Monika S, Suvarna P. A case-control study of risk factors for lung
EFSA supporting publication 2013:EN-497 124

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.

732



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

cancer in mumbai, India. Asian Pacific journal of cancer prevention: APJCP. 2011;12:357-
362

Garced S, Torres-Sanchez L, Cebrian ME, Claudio L, Lopez-Carrillo L. Prenatal
dichlorodiphenyldichloroethylene (dde) exposure and child growth during the first year of
life. Environmental research. 2012;113:58-62

Gascon M, Vrijheid M, Martinez D, Ballester F, Basterrechea M, Blarduni E, Esplugues A,
Vizcaino E, Grimalt JO, Morales E, Sunyer J. Pre-natal exposure to
dichlorodiphenyldichloroethylene and infant lower respiratory tract infections and wheeze.
The European respiratory journal. 2012;39:1188-1196

Gaspari L, Paris F, Jandel C, Kalfa N, Orsini M, Daures JP, Sultan C. Prenatal environmental
risk factors for genital malformations in a population of 1442 French male newborns: A
nested case-control study. Hum Reprod. 2011;26:3155-3162

Gatto NM, Cockburn M, Bronstein J, Manthripragada AD, Ritz B. Well-water consumption
and parkinson's disease in rural california. Environ Health Perspect. 2009;117:1912-1918

Gatto NM, Longnecker MP, Press MF, Sullivan-Halley J, McKean-Cowdin R, Bernstein L.
Serum organochlorines and breast cancer: A case-control study among african-american
women. Cancer causes & control: CCC. 2007;18:29-39

German D, Roy A, Shalat S, Buckley B, Gearing M, Levey A, Richardson J. A ddt metabolite
is elevated in the serum of alzheimer's disease patients. Alzheimer's & Dementia.
2012;8:P496

Gian S. Jhangri, Colin L. Soskolne, Giovanni Pagano, Gerardo Botte, Patrizia Di Cintio.
Alcohol and tobacco variables in the assessment of internal validity in an

Giannandrea F, Gandini L, Paoli D, Turci R, Figa-Talamanca |. Pesticide exposure and serum
organochlorine residuals among testicular cancer patients and healthy controls. Journal of
environmental science and health. Part. B, Pesticides, food contaminants, and agricultural
wastes. 2011;46:780-787

Giordano F, Abballe A, De Felip E, di Domenico A, Ferro F, Grammatico P, Ingelido AM,
Marra V, Marrocco G, Vallasciani S, Figa-Talamanca |. Maternal exposures to endocrine
disrupting chemicals and hypospadias in offspring. Birth defects research. Part A, Clinical
and molecular teratology. 2010;88:241-250

Giordano F, Dell'Orco V, Giannandrea F, Lauria L, Valente P, Figa-Talamanca I. Mortality in a
cohort of pesticide applicators in an urban setting: Sixty years of follow-up. International
journal of immunopathology and pharmacology. 2006;19:61-65

Giwercman A, Rignell-Hydbom A, Toft G, Rylander L, Hagmar L, Lindh C, Pedersen HS,
Ludwicki JK, Lesovoy V, Shvets M, Spano M, Manicardi GC, Bizzaro D, Bonefeld-
Jorgensen EC, Bonde JP. Reproductive hormone levels in men exposed to persistent
organohalogen pollutants: A study of Inuit and three european cohorts. Environmental
Health Perspectives. 2006;114:1348-1353

Glynn A, Thuvander A, Aune M, Johannisson A, Darnerud PO, Ronquist G, Cnattingius S.
Immune cell counts and risks of respiratory infections among infants exposed pre- and
postnatally to organochlorine compounds: A prospective study. Environmental health : a
global access science source. 2008;7:62

Gold LS, Ward MH, Dosemeci M, De Roos AJ. Systemic autoimmune disease mortality and
EFSA supporting publication 2013:EN-497 125

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.

733



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

occupational exposures. Arthritis and rheumatism. 2007;56:3189-3201

Goldner WS, Sandler DP, Yu F, Hoppin JA, Kamel F, Levan TD. Pesticide use and thyroid
disease among women in the agricultural health study. American journal of epidemiology.
2010;171:455-464

Goncharov A, Pavuk M, Foushee HR, Carpenter DO. Blood pressure in relation to
concentrations of pcb congeners and chlorinated pesticides. Environ Health Perspect.
2011;119:319-325

Goncharov A, Rej R, Negoita S, Schymura M, Santiago-Rivera A, Morse G, Carpenter DO.
Lower serum testosterone associated with elevated polychlorinated biphenyl concentrations
in native american men. Environ Health Perspect. 2009;117:1454-1460

Grandjean P, Harari R, Barr DB, Debes F. Pesticide exposure and stunting as independent
predictors of neurobehavioral deficits in ecuadorian school children. Pediatrics.
2006;117:e546-556

Greenburg DL, Rusiecki J, Koutros S, Dosemeci M, Patel R, Hines CJ, Hoppin JA, Alavanja
MC. Cancer incidence among pesticide applicators exposed to captan in the agricultural
health study. Cancer causes & control : CCC. 2008;19:1401-1407

Guillette EA, Conard C, Lares F, Aguilar MG, McLachlan J, Guillette LJ. Altered breast
development in young girls from an agricultural environment. Environmental Health
Perspectives. 2005;114:471-475

Gunnar Toft, Allan Flyvbjerg and Jens Peter Bonde. A GlobalAccess Science  Source.
Enviromental Health 2006; 5: 32 32

Guodong D, Pei W, Ying T, Jun Z, Yu G, Xiaojin W, Rong S, Guoquan W, Xiaoming S.
Organophosphate pesticide exposure and neurodevelopment in young shanghai children.
Environmental science & technology. 2012;46:2911-2917

H Yu, X Liu, K Kezios, O Kalantzi, YWang, M Petreas, J-S Park, P Cirillio, B Cohn, P Factor-
Litvak. Prenatal organochlorine exposure maternal thyroid function and neuromotor
development. AmJ Epidemiol. 2011;173(Suppl):S1-S316

Ha MH, Lee DH, Jacobs DR. Association between serum concentrations of persistent organic
pollutants and self-reported cardiovascular disease prevalence: Results from the national
health and nutrition examination survey, 1999-2002. Environ Health Perspect.
2007;115:1204-1209

Ha MH, Lee DH, Son HK, Park SK, Jacobs DR, Jr. Association between serum concentrations
of persistent organic pollutants and prevalence of newly diagnosed hypertension: Results
from the national health and nutrition examination survey 1999-2002. Journal of human
hypertension. 2009;23:274-286

Hadjigeorgiou GM, Stefanidis |, Dardiotis E, Aggellakis K, Sakkas GK, Xiromerisiou G,
Konitsiotis S, Paterakis K, Poultsidi A, Tsimourtou V, Ralli S, Gourgoulianis K, Zintzaras
E. Low rls prevalence and awareness in central greece: An epidemiological survey.
European journal of neurology : the official journal of the European Federation of
Neurological Societies. 2007;14:1275-1280

Han Y, Xia Y, Han J, Zhou J, Wang S, Zhu P, Zhao R, Jin N, Song L, Wang X. The
relationship of 3-pba pyrethroids metabolite and male reproductive hormones among non-

EFSA supporting publication 2013:EN-497 126

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.

734



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

occupational exposure males. Chemosphere. 2008;72:785-790

Hancock DB, Martin ER, Mayhew GM, Stajich JM, Jewett R, Stacy MA, Scott BL, Vance JM,
Scott WK. Pesticide exposure and risk of parkinson's disease: A family-based case-control
study. BMC neurology. 2008;8:6

Handal AJ, Harlow SD, Breilh J, Lozoff B. Occupational exposure to pesticides during
pregnancy and neurobehavioral development of infants and toddlers. Epidemiology.
2008;19:851-859

Handal AJ, Lozoff B, Breilh J, Harlow SD. Neurobehavioral development in children with
potential exposure to pesticides. Epidemiology. 2007;18:312-320

Harari R, Julvez J, Murata K, Barr D, Bellinger DC, Debes F, Grandjean P. Neurobehavioral
deficits and increased blood pressure in school-age children prenatally exposed to
pesticides. Environ Health Perspect. 2010;118:890-896

Hardell L, Andersson SO, Carlberg M, Bohr L, van Bavel B, Lindstrom G, Bjornfoth H,
Ginman C. Adipose tissue concentrations of persistent organic pollutants and the risk of
prostate cancer. Journal of occupational and environmental medicine / American College of
Occupational and Environmental Medicine. 2006;48:700-707

Hardell L, Bavel B, Lindstrom G, Eriksson M, Carlberg M. In utero exposure to persistent
organic pollutants in relation to testicular cancer risk. International journal of andrology.
2006;29:228-234

Hardell L, Carlberg M, Hardell K, Bjornfoth H, Wickbom G, lonescu M, van Bavel B,
Lindstrom G. Decreased survival in pancreatic cancer patients with high concentrations of
organochlorines in adipose tissue. Biomedicine & pharmacotherapy = Biomedecine &
pharmacotherapie. 2007;61:659-664

Hardell. Concentrations of organohalogen compounds and titres of antibodies to epstein-barr
virus antigens and the risk for non-hodgkin lymphoma. Oncology Reports. 2009;21

Harley KG, Marks AR, Bradman A, Barr DB, Eskenazi B. Ddt exposure, work in agriculture,
and time to pregnancy among farmworkers in california. Journal of occupational and
environmental medicine / American College of Occupational and Environmental Medicine.
2008;50:1335-1342

Hashemi N, Mirsadraee M, Shakeri MT, Varasteh AR. Prevalence of work-related respiratory
symptoms in iranian farmers. Canadian respiratory journal : journal of the Canadian
Thoracic Society. 2006;13:198-202

Hayden KM, Norton MC, Darcey D, Ostbye T, Zandi PP, Breitner JC, Welsh-Bohmer KA.
Occupational exposure to pesticides increases the risk of incident ad: The cache county
study. Neurology. 2010;74:1524-1530

Herin F, Boutet-Robinet E, Levant A, Dulaurent S, Manika M, Galatry-Bouju F, Caron P,
Soulat JM. Thyroid function tests in persons with occupational exposure to fipronil. Thyroid
: official journal of the American Thyroid Association. 2011;21:701-706

Hernandez AF, Casado I, Pena G, Gil F, Villanueva E, Pla A. Low level of exposure to
pesticides leads to lung dysfunction in occupationally exposed subjects. Inhalation
toxicology. 2008;20:839-849

Hernandez-Morales AL, Zonana-Nacach A, Zaragoza-Sandoval VM. [associated risk factors in

EFSA supporting publication 2013:EN-497 127

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.

735



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

acute leukemia in children. A cases and controls study]. Revista medica del Instituto
Mexicano del Seguro Social. 2009;47:497-503

Hodgson S, Thomas L, Fattore E, Lind PM, Alfven T, Hellstrom L, Hakansson H, Carubelli G,
Fanelli R, Jarup L. Bone mineral density changes in relation to environmental pch exposure.
Environ Health Perspect. 2008;116:1162-1166

Hohenadel K, Harris SA, McLaughlin JR, Spinelli JJ, Pahwa P, Dosman JA, Demers PA, Blair
A. Exposure to multiple pesticides and risk of non-hodgkin lymphoma in men from six
canadian provinces. International journal of environmental research and public health.
2011;8:2320-2330

Hoppin JA, Umbach DM, Kullman GJ, Henneberger PK, London SJ, Alavanja MC, Sandler
DP. Pesticides and other agricultural factors associated with self-reported farmer's lung
among farm residents in the agricultural health study. Occupational and environmental
medicine. 2007;64:334-341

Hoppin JA, Umbach DM, London SJ, Henneberger PK, Kullman GJ, Alavanja MC, Sandler
DP. Pesticides and atopic and nonatopic asthma among farm women in the agricultural
health study. American journal of respiratory and critical care medicine. 2008;177:11-18

Hoppin JA, Umbach DM, London SJ, Henneberger PK, Kullman GJ, Coble J, Alavanja MC,
Beane Freeman LE, Sandler DP. Pesticide use and adult-onset asthma among male farmers
in the agricultural health study. The European respiratory journal. 2009;34:1296-1303

Hoppin JA, Umbach DM, London SJ, Lynch CF, Alavanja MC, Sandler DP. Pesticides and
adult respiratory outcomes in the agricultural health study. Annals of the New York
Academy of Sciences. 2006;1076:343-354

Hoppin JA, Valcin M, Henneberger PK, Kullman GJ, Umbach DM, London SJ, Alavanja MC,
Sandler DP. Pesticide use and chronic bronchitis among farmers in the agricultural health
study. American journal of industrial medicine. 2007;50:969-979

Horton MK, Rundle A, Camann DE, Boyd Barr D, Rauh VA, Whyatt RM. Impact of prenatal
exposure to piperonyl butoxide and permethrin on 36-month neurodevelopment. Pediatrics.
2011;127:e699-706

Hossain F, Ali O, D'Souza UJ, Naing DK. Effects of pesticide use on semen quality among
farmers in rural areas of sabah, malaysia. Journal of occupational health. 2010;52:353-360

Hou L, Lee WJ, Rusiecki J, Hoppin JA, Blair A, Bonner MR, Lubin JH, Samanic C, Sandler
DP, Dosemeci M, Alavanja MC. Pendimethalin exposure and cancer incidence among
pesticide applicators. Epidemiology. 2006;17:302-307

Huisman M.H.B., De Jong D.E., Van Doormaa P.T.C., Vermeulen R., Heederick D., Kromhout
H., Schelhaas H.J., Van Der Kooi A.J., De VISSER M., Veldink J.H., Van Den Berg A.H.
Exogenous risk factors in ALS: A population-based case-control study. Amyotrophic
Lateral Sclerosis (2011) 12 SUPPL. 1 (23).

Issaragrisil S, Kaufman DW, Anderson T, Chansung K, Leaverton PE, Shapiro S, Young NS.
The epidemiology of aplastic anemia in thailand. Blood. 2006;107:1299-1307

Itoh H, Iwasaki M, Hanaoka T, Kasuga Y, Yokoyama S, Onuma H, Nishimura H, Kusama R,
Tsugane S. Serum organochlorines and breast cancer risk in japanese women: A case-
control study. Cancer causes & control : CCC. 2009;20:567-580

EFSA supporting publication 2013:EN-497 128

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.

736



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

Iwasaki M, Inoue M, Sasazuki S, Kurahashi N, Itoh H, Usuda M, Tsugane S. Plasma
organochlorine levels and subsequent risk of breast cancer among japanese women: A
nested case-control study. The Science of the total environment. 2008;402:176-183

J R Suarez-Lopez, J H Himes, D R Jacobs, Jr., B H Alexander, D Lazovich, M Gunnar.
Secondary pesticide exposure is associated with head circumference and growth in children.
Am J Epidemiol. 2012;175(11 Suppl):S1-S145

Jansson C, Plato N, Johansson AL, Nyren O, Lagergren J. Airborne occupational exposures and
risk of oesophageal and cardia adenocarcinoma. Occupational and environmental medicine.
2006;63:107-112

Jeebhay MF, Baatjies R, Chang YS, Kim YK, Kim YY, Major V, Lopata AL. Risk factors for
allergy due to the two-spotted spider mite (tetranychus urticae) among table grape farm
workers. International archives of allergy and immunology. 2007;144:143-149

Ji G, Xia Y, Gu A, Shi X, Long Y, Song L, Wang S, Wang X. Effects of non-occupational
environmental exposure to pyrethroids on semen quality and sperm DNA integrity in
chinese men. Reprod Toxicol. 2011;31:171-176

Jimenez-Jimenez FJ, de Toledo-Heras M, Alonso-Navarro H, Ayuso-Peralta L, Arevalo-
Serrano J, Ballesteros-Barranco A, Puertas |, Jabbour-Wadih T, Barcenilla B.
Environmental risk factors for essential tremor. European neurology. 2007;58:106-113

Jorgensen ME, Borch-Johnsen K, Bjerregaard P. A cross-sectional study of the association
between persistent organic pollutants and glucose intolerance among Greenland inuit.
Diabetologia. 2008;51:1416-1422

Jurewicz J, Hanke W, Makowiec-Dabrowska T. [low risk of reproductive disorders among
female greenhouse workers--safe work conditions or health selection for the light work?].
Medycyna pracy. 2008;59:123-131

Jusko TA, Kilebanoff MA, Brock JW, Longnecker MP. In-utero exposure to
dichlorodiphenyltrichloroethane and cognitive development among infants and school-aged
children. Epidemiology. 2012;23:689-698

Jusko TA, Koepsell TD, Baker RJ, Greenfield TA, Willman EJ, Charles MJ, Teplin SW,
Checkoway H, Hertz-Picciotto I. Maternal ddt exposures in relation to fetal and 5-year
growth. Epidemiology. 2006;17:692-700

Kallioniemi MK, Simola AJ, Kymalainen HR, Vesala HT, Louhelainen JK. Mental symptoms
among Finnish farm entrepreneurs. Annals of agricultural and environmental medicine:
AAEM. 2009;16:159-168

Kamalesh Das, Chiranjib Nag and Mrinalkanti Ghosh. Familial, Environmental, and
Occupational Risk Factors in Development of Amyotrophic Lateral Sclerosis. North
American Journal of Medical Sciences 2012.

Kamel F, Engel LS, Gladen BC, Hoppin JA, Alavanja MC, Sandler DP. Neurologic symptoms
in licensed pesticide applicators in the agricultural health study. Human & experimental
toxicology. 2007;26:243-250

Kamel F, Tanner C, Umbach D, Hoppin J, Alavanja M, Blair A, Comyns K, Goldman S, Korell
M, Langston J, Ross G, Sandler D. Pesticide exposure and self-reported parkinson's disease
in the agricultural health study. American journal of epidemiology. 2007;165:364-374

EFSA supporting publication 2013:EN-497 129

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.

737



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

Kang D, Park SK, Beane-Freeman L, Lynch CF, Knott CE, Sandler DP, Hoppin JA, Dosemeci
M, Coble J, Lubin J, Blair A, Alavanja M. Cancer incidence among pesticide applicators
exposed to trifluralin in the agricultural health study. Environmental research.
2008;107:271-276

Karami S, Boffetta P, Rothman N, Hung RJ, Stewart T, Zaridze D, Navritalova M, Mates D,
Janout V, Kollarova H, Bencko V, Szeszenia-Dabrowska N, Holcatova I, Mukeria A,
Gromiec J, Chanock SJ, Brennan P, Chow WH, Moore LE. Renal cell carcinoma,
occupational pesticide exposure and modification by glutathione s-transferase
polymorphisms. Carcinogenesis. 2008;29:1567-1571

Karunanayake CP, Spinelli JJ, McLaughlin JR, Dosman JA, Pahwa P, McDuffie HH. Hodgkin
lymphoma and pesticides exposure in men: A Canadian case-control study. Journal of
agromedicine. 2012;17:30-39

Kaufman DW, Anderson TE, Issaragrisil S. Risk factors for leukemia in Thailand. Annals of
hematology. 2009;88:1079-1088

Kelada SN, Checkoway H, Kardia SL, Carlson CS, Costa-Mallen P, Eaton DL, Firestone J,
Powers KM, Swanson PD, Franklin GM, Longstreth WT, Jr., Weller TS, Afsharinejad Z,
Costa LG. 5' and 3' region variability in the dopamine transporter gene (slc6a3), pesticide
exposure and parkinson's disease risk: A hypothesis-generating study. Human molecular
genetics. 2006;15:3055-3062

Khanjani N, Sim MR. Maternal contamination with dichlorodiphenyltrichloroethane and
reproductive outcomes in an Australian population. Environmental research. 2006;101:373-
379

Khanjani N, Sim MR. Reproductive outcomes of maternal contamination with cyclodiene
insecticides, hexachlorobenzene and beta-benzene hexachloride. The Science of the total
environment. 2006;368:557-564

Kiyohara C, Miyake Y, Koyanagi M, Fujimoto T, Shirasawa S, Tanaka K, Fukushima W,
Sasaki S, Tsuboi Y, Yamada T, Oeda T, Miki T, Kawamura N, Sakae N, Fukuyama H,
Hirota Y, Nagai M. Gst polymorphisms, interaction with smoking and pesticide use, and
risk for parkinson's disease in a japanese population. Parkinsonism & related disorders.
2010;16:447-452

Koutros S, Andreotti G, Berndt SI, Hughes Barry K, Lubin JH, Hoppin JA, Kamel F, Sandler
DP, Burdette LA, Yuenger J, Yeager M, Alavanja MC, Freeman LE. Xenobiotic-
metabolizing gene variants, pesticide use, and the risk of prostate cancer. Pharmacogenetics
and genomics. 2011;21:615-623

Koutros S, Lynch CF, Ma X, Lee WJ, Hoppin JA, Christensen CH, Andreotti G, Freeman LB,
Rusiecki JA, Hou L, Sandler DP, Alavanja MC. Heterocyclic aromatic amine pesticide use
and human cancer risk: Results from the u.S. Agricultural health study. International journal
of cancer. Journal international du cancer. 2009;124:1206-1212

Koutros S, Mahajan R, Zheng T, Hoppin JA, Ma X, Lynch CF, Blair A, Alavanja MC.
Dichlorvos exposure and human cancer risk: Results from the agricultural health study.
Cancer causes & control: CCC. 2008;19:59-65

Kouznetsova M, Huang X, Ma J, Lessner L, Carpenter DO. Increased rate of hospitalization for
diabetes and residential proximity of hazardous waste sites. Environmental Health

EFSA supporting publication 2013:EN-497 130

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.

738



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

Perspectives. 2006;115:75-79

Kumar V, Yadav CS, Singh S, Goel S, Ahmed RS, Gupta S, Grover RK, Banerjee BD. Cyp lal
polymorphism and organochlorine pesticides levels in the etiology of prostate cancer.
Chemosphere. 2010;81:464-468

L. Lind, D. Lee, D.R. Jacobs, S. Salihovic , B. vanBavel, P.M. Lind. Are persistent organic
pollutants associated with obesity, the metabolic syndrome or both? Abstracts / Toxicology
Letters 205S (2011) S60-S179

Lacasana M, Lopez-Flores I, Rodriguez-Barranco M, Aguilar-Garduno C, Blanco-Munoz J,
Perez-Mendez O, Gamboa R, Bassol S, Cebrian ME. Association between organophosphate
pesticides exposure and thyroid hormones in floriculture workers. Toxicology and applied
pharmacology. 2010;243:19-26

Lacasana M, Vazquez-Grameix H, Borja-Aburto VH, Blanco-Munoz J, Romieu I, Aguilar-
Garduno C, Garcia AM. Maternal and paternal occupational exposure to agricultural work
and the risk of anencephaly. Occupational and environmental medicine. 2006;63:649-656

Laden F, Bertrand KA, Altshul L, Aster JC, Korrick SA, Sagiv SK. Plasma organochlorine
levels and risk of non-hodgkin lymphoma in the nurses' health study. Cancer epidemiology,
biomarkers & prevention : a publication of the American Association for Cancer Research,
cosponsored by the American Society of Preventive Oncology. 2010;19:1381-1384

Landgren O, Kyle RA, Hoppin JA, Beane Freeman LE, Cerhan JR, Katzmann JA, Rajkumar
SV, Alavanja MC. Pesticide exposure and risk of monoclonal gammopathy of undetermined
significance in the agricultural health study. Blood. 2009;113:6386-6391

Langer P, Kocan A, Drobna B, Susienkova K, Radikova Z, Huckova M, Imrich R, Ksinantova
L, Klimes I. Polychlorinated biphenyls and testosterone: Age and congener related
correlation approach in heavily exposed males. Endocrine regulations. 2010;44:109-114

Langer P, Kocan A, Tajtakova M, Koska J, Radikova Z, Ksinantova L, Imrich R, Huckova M,
Drobna B, Gasperikova D, Sebokova E, Klimes I. Increased thyroid volume, prevalence of
thyroid antibodies and impaired fasting glucose in young adults from organochlorine
cocktail polluted area: Outcome of transgenerational transmission? Chemosphere.
2008;73:1145-1150

Langer P, Kocan A, Tajtakova M, Petrik J, Chovancova J, Drobna B, Jursa S, Radikova Z,
Koska J, Ksinantova L, Huckova M, Imrich R, Wimmerova S, Gasperikova D, Shishiba Y,
Trnovec T, Sebokova E, Klimes I. Fish from industrially polluted freshwater as the main
source of organochlorinated pollutants and increased frequency of thyroid disorders and
dysglycemia. Chemosphere. 2007;67:5S379-385

Langer P, Tajtakova M, Kocan A, Petrik J, Koska J, Ksinantova L, Radikova Z, Ukropec J,
Imrich R, Huckova M, Chovancova J, Drobna B, Jursa S, Vicek M, Bergman A,
Athanasiadou M, Hovander L, Shishiba Y, Trnovec T, Sebokova E, Klimes I. Thyroid
ultrasound volume, structure and function after long-term high exposure of large population
to polychlorinated biphenyls, pesticides and dioxin. Chemosphere. 2007;69:118-127

Lauria L, Settimi L, Spinelli A, Figa-Talamanca |. Exposure to pesticides and time to
pregnancy among female greenhouse workers. Reprod Toxicol. 2006;22:425-430

Lee DH, Jacobs DR, Jr. Association between serum concentrations of persistent organic
pollutants and gamma glutamyltransferase: Results from the national health and

EFSA supporting publication 2013:EN-497 131

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.

739



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

examination survey 1999-2002. Clinical chemistry. 2006;52:1825-1827

Lee DH, Jacobs DR, Jr., Steffes M. Association of organochlorine pesticides with peripheral
neuropathy in patients with diabetes or impaired fasting glucose. Diabetes. 2008;57:3108-
3111

Lee DH, Jacobs DR, Kocher T. Associations of serum concentrations of persistent organic
pollutants with the prevalence of periodontal disease and subpopulations of white blood
cells. Environ Health Perspect. 2008;116:1558-1562

Lee DH, Jacobs DR, Porta M. Association of serum concentrations of persistent organic
pollutants with the prevalence of learning disability and attention deficit disorder. Journal of
epidemiology and community health. 2007;61:591-596

Lee DH, Lee IK, Jin SH, Steffes M, Jacobs DR, Jr. Association between serum concentrations
of persistent organic pollutants and insulin resistance among nondiabetic adults: Results
from the national health and nutrition examination survey 1999-2002. Diabetes care.
2007;30:622-628

Lee DH, Lee IK, Porta M, Steffes M, Jacobs DR, Jr. Relationship between serum
concentrations of persistent organic pollutants and the prevalence of metabolic syndrome
among non-diabetic adults: Results from the national health and nutrition examination
survey 1999-2002. Diabetologia. 2007;50:1841-1851

Lee DH, Lee IK, Song K, Steffes M, Toscano W, Baker BA, Jacobs DR, Jr. A strong dose-
response relation between serum concentrations of persistent organic pollutants and
diabetes: Results from the national health and examination survey 1999-2002. Diabetes care.
2006;29:1638-1644

Lee DH, Lee IK, Steffes M, Jacobs DR, Jr. Extended analyses of the association between serum
concentrations of persistent organic pollutants and diabetes. Diabetes care. 2007;30:1596-
1598

Lee DH, Lind L, Jacobs DR, Jr., Salihovic S, van Bavel B, Lind PM. Associations of persistent
organic pollutants with abdominal obesity in the elderly: The prospective investigation of
the vasculature in uppsala seniors (pivus) study. Environment international. 2012;40:170-
178

Lee DH, Lind PM, Jacobs DR, Jr., Salihovic S, van Bavel B, Lind L. Background exposure to
persistent organic pollutants predicts stroke in the elderly. Environment international.
2012;47:115-120

Lee DH, Lind PM, Jacobs DR, Jr., Salihovic S, van Bavel B, Lind L. Polychlorinated biphenyls
and organochlorine pesticides in plasma predict development of type 2 diabetes in the
elderly: The prospective investigation of the vasculature in Uppsala seniors (pivus) study.
Diabetes care. 2011;34:1778-1784

Lee DH, Steffes M, Jacobs DR. Positive associations of serum concentration of polychlorinated
biphenyls or organochlorine pesticides with self-reported arthritis, especially rheumatoid
type, in women. Environ Health Perspect. 2007;115:883-888

Lee DH, Steffes MW, Sjodin A, Jones RS, Needham LL, Jacobs DR, Jr. Low dose of some
persistent organic pollutants predicts type 2 diabetes: A nested case-control study. Environ
Health Perspect. 2010;118:1235-1242

Lee WJ, Alavanja MC, Hoppin JA, Rusiecki JA, Kamel F, Blair A, Sandler DP. Mortality
EFSA supporting publication 2013:EN-497 132

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.

740



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

among pesticide applicators exposed to chlorpyrifos in the agricultural health study. Environ
Health Perspect. 2007;115:528-534

Lee WJ, Baccarelli A, Tretiakova M, Gorbanev S, Lomtev A, Klimkina |, Tchibissov V,
Averkina O, Dosemeci M. Pesticide exposure and lung cancer mortality in leningrad
province in russia. Environment international. 2006;32:412-416

Lee WJ, Purdue MP, Stewart P, Schenk M, De Roos AJ, Cerhan JR, Severson RK, Cozen W,
Hartge P, Blair A. Asthma history, occupational exposure to pesticides and the risk of non-
hodgkin's lymphoma. International journal of cancer. Journal international du cancer.
2006;118:3174-3176

Lee WJ, Sandler DP, Blair A, Samanic C, Cross AJ, Alavanja MC. Pesticide use and colorectal
cancer risk in the agricultural health study. International journal of cancer. Journal
international du cancer. 2007;121:339-346

LeVan TD, Koh WP, Lee HP, Koh D, Yu MC, London SJ. Vapor, dust, and smoke exposure in
relation to adult-onset asthma and chronic respiratory symptoms: The singapore chinese
health study. American journal of epidemiology. 2006;163:1118-1128

LiJ, LuY, ShiY, Wang T, Wang G, Luo W, Jiao W, Chen C, Yan F. Environmental pollution
by persistent toxic substances and health risk in an industrial area of china. Journal of
Environmental Sciences. 2011;23:1359-1367

Li JY, Li H, Tao P, Lei FM. [serum organochlorines pesticides level of non-occupational
exposure women and risk of breast cancer:A case-control study]. Wei sheng yan jiu =
Journal of hygiene research. 2006;35:391-394

Li JY, Wu DS, Yang F, Zeng HY, Lei FM, Zhou WD, Li H, Tao P. [study on serum
organochlorines pesticides (ddts) level, cyplal genetic polymorphism and risk of breast
cancer: A case control study]. Zhonghua liu xing bing xue za zhi = Zhonghua
liuxingbingxue zazhi. 2006;27:217-222

Lifeng T, Shoulin W, Junmin J, Xuezhao S, Yannan L, Qianli W, Longsheng C. Effects of
fenvalerate exposure on semen quality among occupational workers. Contraception.
2006;73:92-96

Lim JS, Son HK, Park SK, Jacobs DR, Jr., Lee DH. Inverse associations between long-term
weight change and serum concentrations of persistent organic pollutants. Int J Obes (Lond).
2011;35:744-747

Lind PM, van Bavel B, Salihovic S, Lind L. Circulating levels of persistent organic pollutants
(pops) and carotid atherosclerosis in the elderly. Environ Health Perspect. 2012;120:38-43

Liu B, Jung KH, Horton MK, Camann DE, Liu X, Reardon AM, Perzanowski MS, Zhang H,
Perera FP, Whyatt RM, Miller RL. Prenatal exposure to pesticide ingredient piperonyl
butoxide and childhood cough in an urban cohort. Environment international. 2012;48:156-
161

Lizardi PS, O'Rourke MK, Morris RJ. The effects of organophosphate pesticide exposure on
Hispanic children's cognitive and behavioral functioning. Journal of pediatric psychology.
2008;33:91-101

Lo AC, Soliman AS, El-Ghawalby N, Abdel-Wahab M, Fathy O, Khaled HM, Omar S,
Hamilton SR, Greenson JK, Abbruzzese JL. Lifestyle, occupational, and reproductive

EFSA supporting publication 2013:EN-497 133

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.

741



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

factors in relation to pancreatic cancer risk. Pancreas. 2007;35:120-129

Lo AC, Soliman AS, Khaled HM, Aboelyazid A, Greenson JK. Lifestyle, occupational, and
reproductive factors and risk of colorectal cancer. Diseases of the colon and rectum.
2010;53:830-837

Longnecker MP, Gladen BC, Cupul-Uicab LA, Romano-Riquer SP, Weber JP, Chapin RE,
Hernandez-Avila M. In utero exposure to the antiandrogen 1,1-dichloro-2,2-bis(p-
chlorophenyl)ethylene (dde) in relation to anogenital distance in male newborns from
chiapas, mexico. American journal of epidemiology. 2007;165:1015-1022

Lope V, Perez-Gomez B, Aragones N, Lopez-Abente G, Gustavsson P, Plato N, Zock JP,
Pollan M. Occupation, exposure to chemicals, sensitizing agents, and risk of multiple
myeloma in Sweden. Cancer epidemiology, biomarkers & prevention: a publication of the
American Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology. 2008;17:3123-3127

Lopez-Espinosa MJ, Granada A, Carreno J, Salvatierra M, Olea-Serrano F, Olea N.
Organochlorine pesticides in placentas from southern spain and some related factors.
Placenta. 2007;28:631-638

Lopez-Espinosa MJ, Murcia M, Iniguez C, Vizcaino E, Llop S, Vioque J, Grimalt JO,
Rebagliato M, Ballester F. Prenatal exposure to organochlorine compounds and birth size.
Pediatrics. 2011;128:e127-134

Lopez-Espinosa MJ, Vizcaino E, Murcia M, Fuentes V, Garcia AM, Rebagliato M, Grimalt JO,
Ballester F. Prenatal exposure to organochlorine compounds and neonatal thyroid
stimulating hormone levels. Journal of exposure science & environmental epidemiology.
2010;20:579-588

Lopez-Espinosa MJ, Vizcaino E, Murcia M, Llop S, Espada M, Seco V, Marco A, Rebagliato
M, Grimalt JO, Ballester F. Association between thyroid hormone levels and 4,4'-dde
concentrations in pregnant women (valencia, spain). Environmental research. 2009;109:479-
485

Louis ED, Factor-Litvak P, Parides M, Andrews L, Santella RM, Wolff MS. Organochlorine
pesticide exposure in essential tremor: A case-control study using biological and
occupational exposure assessments. Neurotoxicology. 2006;27:579-586

Lovasi GS, Quinn JW, Rauh VA, Perera FP, Andrews HF, Garfinkel R, Hoepner L, Whyatt R,
Rundle A. Chlorpyrifos exposure and urban residential environment characteristics as
determinants of early childhood neurodevelopment. American journal of public health.
2011;101:63-70

Lu JL. Comparison of pesticide exposure and physical examination, neurological assessment,
and laboratory findings between full-time and part-time vegetable farmers in the
Philippines. Environmental health and preventive medicine. 2009;14:345-352

Lu JL. Occupational safety of farmers in the vegetable industry. International journal of
occupational safety and ergonomics: JOSE. 2011;17:445-453

Luis D Boada, Manuel Zumbado, Luis Alberto Henriquez-Hernandez, Maira Almeida-
Gonzélez, Eva E Alvarez-Leon, Lluis Serra-Majem and Octavio P Luzardo. Complex
organochlorine pesticide mixtures as determinant factor for breast cancer risk: a population-
based case—control study in theCanary Islands (Spain). Environmental Health 2012, 11:28

EFSA supporting publication 2013:EN-497 134

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.

742



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

Lv L, Lin G, Gao X, Wu C, Dai J, Yang Y, Zou H, Sun H, Gu M, Chen X, Fu H, Bao L. Case-
control study of risk factors of myelodysplastic syndromes according to world health
organization classification in a chinese population. American journal of hematology.
2011;86:163-169

Lv L, Lin GW, Wang XQ, Bao LM, Zou HJ. [a case-control study of risk factors for
myelodysplastic syndromes]. Zhonghua lao dong wei sheng zhi ye bing za zhi = Zhonghua
laodong weisheng zhiyebing zazhi = Chinese journal of industrial hygiene and occupational
diseases. 2007;25:705-709

Lynch SM, Mahajan R, Beane Freeman LE, Hoppin JA, Alavanja MC. Cancer incidence
among pesticide applicators exposed to butylate in the agricultural health study (ahs).
Environmental research. 2009;109:860-868

Lynch SM, Rusiecki JA, Blair A, Dosemeci M, Lubin J, Sandler D, Hoppin JA, Lynch CF,
Alavanja MCR. Cancer incidence among pesticide applicators exposed to cyanazine in the
agricultural health study. Environmental Health Perspectives. 2006;114:1248-1252

MacCarthy A, Bunch KJ, Fear NT, King JC, Vincent TJ, Murphy MF. Paternal occupation and
neuroblastoma: A case-control study based on cancer registry data for Great Britain 1962-
1999. British journal of cancer. 2010;102:615-619

MacFarlane E, Simpson P, Benke G, Sim MR. Suicide in australian pesticide-exposed workers.
Occup Med (Lond). 2011;61:259-264

Mackenzie Ross SJ, Brewin CR, Curran HV, Furlong CE, Abraham-Smith KM, Harrison V.
Neuropsychological and psychiatric functioning in sheep farmers exposed to low levels of
organophosphate pesticides. Neurotoxicology and teratology. 2010;32:452-459

Maervoet J, Vermeir G, Covaci A, Van Larebeke N, Koppen G, Schoeters G, Nelen V,
Baeyens W, Schepens P, Viaene MK. Association of thyroid hormone concentrations with
levels of organochlorine compounds in cord blood of neonates. Environ Health Perspect.
2007;115:1780-1786

Mahajan R, Blair A, Coble J, Lynch CF, Hoppin JA, Sandler DP, Alavanja MC. Carbaryl
exposure and incident cancer in the agricultural health study. International journal of cancer.
Journal international du cancer. 2007;121:1799-1805

Mahajan R, Bonner MR, Hoppin JA, Alavanja MCR. Phorate exposure and incidence of cancer
in the agricultural health study. Environmental Health Perspectives. 2006;114:1205-1209

Maluf E, Hamerschlak N, Cavalcanti AB, Junior AA, Eluf-Neto J, Falcao RP, Lorand-Metze
IG, Goldenberg D, Santana CL, Rodrigues Dde O, Passos LN, Rosenfeld LG, Pitta M,
Loggetto S, Ribeiro AA, Velloso ED, Kondo AT, Coelho EO, Pintao MC, de Souza HM,
Borbolla JR, Pasquini R. Incidence and risk factors of aplastic anemia in latin american
countries: The latin case-control study. Haematologica. 2009;94:1220-1226

Manfo FPT, Moundipa PF, Déchaud H, Tchana AIN, Nantia EA, Zabot M-T, Pugeat M. Effect
of agropesticides use on male reproductive function: A study on farmers in djutitsa
(cameroon). Environmental Toxicology. 2012;27:423-432

Manthripragada AD, Costello S, Cockburn MG, Bronstein JM, Ritz B. Paraoxonase 1,
agricultural organophosphate exposure, and parkinson disease. Epidemiology. 2010;21:87-
94

EFSA supporting publication 2013:EN-497 135

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.

743



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

Marina Krstevska Konstantinova. Organochlorine pesticides in Macedonain girls

Marks AR, Harley K, Bradman A, Kogut K, Barr DB, Johnson C, Calderon N, Eskenazi B.
Organophosphate pesticide exposure and attention in young mexican-american children:
The chamacos study. Environ Health Perspect. 2010;118:1768-1774

Marzouk D.A., ElI Gaafary M.M. , El Damaty S.I., Sabbour S.M. , Mecky F.A.S. , Saker M. ,
Sayed A.M. , Fahim H.l. , Anwar W.A.. Breast cancer and hormonal intake among
Egyptian females. European Journal of Oncology (2009) 14:1 (37-51).

Matmurodov R.J., Khalimova K.M., Raimova M.M. Polymorphism of the genes GSTM1,
GSTT1, and environmental factors in the development of Parkinson's disease among
representatives of the Uzbek nationality. European Journal of Neurology (2011) 18 SUPPL.
2 (501).

McAuliffe ME, Williams PL, Korrick SA, Altshul LM, Perry MJ. Environmental exposure to
polychlorinated biphenyls and p,p'-dde and sperm sex-chromosome disomy. Environ Health
Perspect. 2012;120:535-540

McDuffie HH, Quail J, Ghosh S, Pahwa P. Host factors, occupation, and testicular cancer in
saskatchewan, canada: 1979-2002. Journal of agricultural safety and health. 2007;13:247-
258

McElroy JA, Ganghon RE, Newcomb PA, Kanarek MS, Anderson HA, Brook JV, Trentham-
Dietz A, Remington PL. Risk of breast cancer for women living in rural areas from adult
exposure to atrazine from well water in wisconsin. Journal of exposure science &
environmental epidemiology. 2007;17:207-214

McGlynn KA, Abnet CC, Zhang M, Sun XD, Fan JH, O'Brien TR, Wei WQ, Ortiz-Conde BA,
Dawsey SM, Weber JP, Taylor PR, Katki H, Mark SD, Qiao YL. Serum concentrations of
1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (ddt) and 1,1-dichloro-2,2-bis(p-
chlorophenyl)ethylene (dde) and risk of primary liver cancer. Journal of the National Cancer
Institute. 2006;98:1005-1010

McGlynn KA, Quraishi SM, Graubard Bl, Weber JP, Rubertone MV, Erickson RL. Persistent
organochlorine pesticides and risk of testicular germ cell tumors. Journal of the National
Cancer Institute. 2008;100:663-671

McHugh MK, Kachroo S, Liu M, D'Amelio AM, Jr., Dong Q, Hong WK, Greisinger AJ, Spitz
MR, Etzel CJ. Assessing environmental and occupational risk factors for lung cancer in
mexican-americans. Cancer causes & control: CCC. 2010;21:2157-2164

Meeker JD, Altshul L, Hauser R. Serum pcbs, p,p'-dde and hcb predict thyroid hormone levels
in men. Environmental research. 2007;104:296-304

Meeker JD, Barr DB, Hauser R. Human semen quality and sperm DNA damage in relation to
urinary metabolites of pyrethroid insecticides. Hum Reprod. 2008;23:1932-1940

Meeker JD, Barr DB, Hauser R. Pyrethroid insecticide metabolites are associated with serum
hormone levels in adult men. Reprod Toxicol. 2009;27:155-160

Meeker JD, Barr DB, Hauser R. Thyroid hormones in relation to urinary metabolites of non-
persistent insecticides in men of reproductive age. Reprod Toxicol. 2006;22:437-442

Meeker JD, Ravi SR, Barr DB, Hauser R. Circulating estradiol in men is inversely related to
urinary metabolites of nonpersistent insecticides. Reprod Toxicol. 2008;25:184-191

EFSA supporting publication 2013:EN-497 136

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.

744



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

Meeker JD, Ryan L, Barr DB, Hauser R. Exposure to nonpersistent insecticides and male
reproductive hormones. Epidemiology. 2006;17:61-68

Melkonian S, Argos M, Pierce BL, Chen Y, Islam T, Ahmed A, Syed EH, Parvez F, Graziano
J, Rathouz PJ, Ahsan H. A prospective study of the synergistic effects of arsenic exposure
and smoking, sun exposure, fertilizer use, and pesticide use on risk of premalignant skin
lesions in Bangladeshi men. American journal of epidemiology. 2011;173:183-191

Mendez MA, Garcia-Esteban R, Guxens M, Vrijheid M, Kogevinas M, Goni F, Fochs S,
Sunyer J. Prenatal organochlorine compound exposure, rapid weight gain, and overweight in
infancy. Environ Health Perspect. 2011;119:272-278

Menegaux F, Baruchel A, Bertrand Y, Lescoeur B, Leverger G, Nelken B, Sommelet D,
Hemon D, Clavel J. Household exposure to pesticides and risk of childhood acute
leukaemia. Occupational and environmental medicine. 2006;63:131-134

Merletti F, Richiardi L, Bertoni F, Ahrens W, Buemi A, Costa-Santos C, Eriksson M, Guenel P,
Kaerlev L, Jockel KH, Llopis-Gonzalez A, Merler E, Miranda A, Morales-Suarez-Varela
MM, Olsson H, Fletcher T, Olsen J. Occupational factors and risk of adult bone sarcomas: A
multicentric case-control study in europe. International journal of cancer. Journal
international du cancer. 2006;118:721-727

Messaros BM, Rossano MG, Liu G, Diamond MP, Friderici K, Nummy-Jernigan K, Daly D,
Puscheck E, Paneth N, Wirth JJ. Negative effects of serum p,p'-dde on sperm parameters
and modification by genetic polymorphisms. Environmental research. 2009;109:457-464

Meyer A, Alexandre PC, Chrisman Jde R, Markowitz SB, Koifman RJ, Koifman S. Esophageal
cancer among brazilian agricultural workers: Case-control study based on death certificates.
International journal of hygiene and environmental health. 2011;214:151-155

Meyer KJ, Reif JS, Veeramachaneni DNR, Luben TJ, Mosley BS, Nuckols JR. Agricultural
pesticide use and hypospadias in eastern arkansas. Environmental Health Perspectives.
2006;114:1589-1595

Meyer TE, Coker AL, Sanderson M, Symanski E. A case-control study of farming and prostate
cancer in african-american and caucasian men. Occupational and environmental medicine.
2007;64:155-160

Miligi L, Costantini AS, Veraldi A, Benvenuti A, Vineis P. Cancer and pesticides: An overview
and some results of the italian multicenter case-control study on hematolymphopoietic
malignancies. Annals of the New York Academy of Sciences. 2006;1076:366-377

Mills KT, Blair A, Freeman LE, Sandler DP, Hoppin JA. Pesticides and myocardial infarction
incidence and mortality among male pesticide applicators in the agricultural health study.
American journal of epidemiology. 2009;170:892-900

Mills PK, Yang RC. Agricultural exposures and gastric cancer risk in Hispanic farm workers in
california. Environmental research. 2007;104:282-289

Min JY, Cho JS, Lee KJ, Park JB, Park SG, Kim JY, Min KB. Potential role for organochlorine
pesticides in the prevalence of peripheral arterial diseases in obese persons: Results from the
national health and nutrition examination survey 1999-2004. Atherosclerosis. 2011;218:200-
206

Miyake Y, Tanaka K, Masuzaki Y, Sato N, lkeda Y, Chisaki Y, Arakawa M. Organochlorine
concentrations in breast milk and prevalence of allergic disorders in japanese women.

EFSA supporting publication 2013:EN-497 137

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.

745



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

Chemosphere. 2011;85:374-378

Monge P, Wesseling C, Guardado J, Lundberg I, Ahlbom A, Cantor KP, Weiderpass E,
Partanen T. Parental occupational exposure to pesticides and the risk of childhood leukemia
in costa rica. Scandinavian Journal of Work, Environment & Health. 2007;33:293-303

Montgomery MP, Kamel F, Saldana TM, Alavanja MC, Sandler DP. Incident diabetes and
pesticide exposure among licensed pesticide applicators: Agricultural health study, 1993-
2003. American journal of epidemiology. 2008;167:1235-1246

Morahan JM, Pamphlett R. Amyotrophic lateral sclerosis and exposure to environmental
toxins: An Australian case-control study. Neuroepidemiology. 2006;27:130-135

Mozzachio AM, Rusiecki JA, Hoppin JA, Mahajan R, Patel R, Beane-Freeman L, Alavanja
MC. Chlorothalonil exposure and cancer incidence among pesticide applicator participants
in the agricultural health study. Environmental research. 2008;108:400-403

Mueller BA, Kuehn CM, Shapiro-Mendoza CK, Tomashek KM. Fetal deaths and proximity to
hazardous waste sites in washington state. Environ Health Perspect. 2007;115:776-780

Multigner L, Kadhel P, Pascal M, Huc-Terki F, Kercret H, Massart C, Janky E, Auger J, Jegou
B. Parallel assessment of male reproductive function in workers and wild rats exposed to
pesticides in banana plantations in guadeloupe. Environmental health: a global access
science source. 2008;7:40

Multigner L, Ndong JR, Giusti A, Romana M, Delacroix-Maillard H, Cordier S, Jegou B,
Thome JP, Blanchet P. Chlordecone exposure and risk of prostate cancer. Journal of clinical
oncology: official journal of the American Society of Clinical Oncology. 2010;28:3457-
3462

N. Murgia, M. Ddll’Omo, G. Muzi, G. Brugnami, M. Biancalana,

Nagayama J, Kohno H, Kunisue T, Kataoka K, Shimomura H, Tanabe S, Konishi S.
Concentrations of organochlorine pollutants in mothers who gave birth to neonates with
congenital hypothyroidism. Chemosphere. 2007;68:972-976

Nagayama J, Tsuji H, lida T, Nakagawa R, Matsueda T, Hirakawa H, Yanagawa T, Fukushige
J, Watanabe T. Immunologic effects of perinatal exposure to dioxins, pcbs and
organochlorine pesticides in japanese infants. Chemosphere. 2007;67:S393-398

Naidoo S, London L, Burdorf A, Naidoo R, Kromhout H. Spontaneous miscarriages and infant
deaths among female farmers in rural south africa. Scand J Work Environ Health.
2011;37:227-236

Narendra M, Kavitha G, Helah Kiranmai A, Raghava Rao N, Varadacharyulu NC. Chronic
exposure to pyrethroid-based allethrin and prallethrin mosquito repellents alters plasma
biochemical profile. Chemosphere. 2008;73:360-364

Neta G, Goldman LR, Barr D, Apelberg BJ, Witter FR, Halden RU. Fetal exposure to
chlordane and permethrin mixtures in relation to inflammatory cytokines and birth
outcomes. Environmental science & technology. 2011;45:1680-1687

Neundorfer B. . Solvents and PARKINSON'S disease. Padiatrische Praxis (2008) 72:3 (508-
510).

Nicolas Lebas, Louise Nadon, Mounia Rhazi, Hugues Richard, Marie Desy, Marie-Elise
Parent. Exposure to occupational and domestic pesticides, and prostate cancer risk:

EFSA supporting publication 2013:EN-497 138

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.

746



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

preliminary findings from a case-control study in Montreal, Canada.

Nicolle-Mir L. Exposure to pesticides and thyroid diseases. Environmement, Risques et Sante
(2010) 9:5 (381-382).

Nicolle-Mir L. Occupational factors and Parkinson's disease. Environmement, Risques et Sante
(2010) 9:5 (382-383).

Nordby KC, Irgens LM, Kristensen P. Immunological exposures in Norwegian agriculture and
pre-eclampsia. Paediatric and perinatal epidemiology. 2006;20:462-470

Norlaily H, Azidah AK, Asrenee AR, Rohayah H, Juwita S. Proportion of dementia and its
associated factors among elderly patients attending outpatient clinics of universiti sains
malaysia hospital. The Medical journal of Malaysia. 2009;64:140-145

Ochoa-Acuna H, Frankenberger J, Hahn L, Carbajo C. Drinking-water herbicide exposure in
indiana and prevalence of small-for-gestational-age and preterm delivery. Environ Health
Perspect. 2009;117:1619-1624

Ociepa-Zawal M, Rubis B, Wawrzynczak D, Wachowiak R, Trzeciak WH. Accumulation of
environmental estrogens in adipose tissue of breast cancer patients. Journal of
environmental science and health. Part A, Toxic/hazardous substances & environmental
engineering. 2010;45:305-312

Onishchenko GG, Mamaev IA, Guseinov GK. [impact of the area burden of agrochemicals on
tuberculosis morbidity and mortality]. Problemy tuberkuleza i boleznei legkikh. 2006:30-33

Orsi L, Delabre L, Monnereau A, Delval P, Berthou C, Fenaux P, Marit G, Soubeyran P,
Huguet F, Milpied N, Leporrier M, Hemon D, Troussard X, Clavel J. Occupational exposure
to pesticides and lymphoid neoplasms among men: Results of a french case-control study.
Occupational and environmental medicine. 2009;66:291-298

Orsi L, Troussard X, Monnereau A, Berthou C, Fenaux P, Marit G, Soubeyran P, Huguet F,
Milpied N, Leporrier M, Hemon D, Clavel J. Occupation and lymphoid malignancies:
Results from a french case-control study. Journal of occupational and environmental
medicine / American College of Occupational and Environmental Medicine. 2007;49:1339-
1350

Ostrea EM, Jr., Reyes A, Villanueva-Uy E, Pacifico R, Benitez B, Ramos E, Bernardo RC,
Bielawski DM, Delaney-Black V, Chiodo L, Janisse JJ, Ager JW. Fetal exposure to
propoxur and abnormal child neurodevelopment at 2 years of age. Neurotoxicology.
2012;33:669-675

Ozen S, Darcan S, Bayindir P, Karasulu E, Simsek DG, Gurler T. Effects of pesticides used in
agriculture on the development of precocious puberty. Environmental monitoring and
assessment. 2012;184:4223-4232

P. Monica Lind, Samira Salihovic , Bert van Bavel, Lars Lind. Circulating levels of pp-DDE
and hypertension. Abstracts / Toxicology Letters 211S (2012) S43-S216

Padmaja R. Jonnalagadda*, A. Y. E. Prasad, Katla Ashok Reddy, Challa Suresh, M. Vishnu,
Vardhana Rao, Goparaju Ramya and D. Raghunatha Rao. Biochemical alterations of certain
health parameters in cotton growing farmers exposed to organophosphorous and pyrethroid
insecticides. African Journal of Biotechnology Vol. 9(49), pp. 8369-8377, 6 December,
2010

EFSA supporting publication 2013:EN-497 139

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.

747



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

Pahwa P, Karunanayake CP, Dosman JA, Spinelli JJ, McDuffie HH, McLaughlin JR. Multiple
myeloma and exposure to pesticides: A Canadian case-control study. Journal of
agromedicine. 2012;17:40-50

Pahwa P, Karunanayake CP, Dosman JA, Spinelli JJ, McLaughlin JR. Soft-tissue sarcoma and
pesticides exposure in men: Results of a Canadian case-control study. Journal of
occupational and environmental medicine / American College of Occupational and
Environmental Medicine. 2011;53:1279-1286

Pahwa P, Karunanayake CP, Spinelli JJ, Dosman JA, McDuffie HH. Ethnicity and incidence of
Hodgkin lymphoma in canadian population. BMC cancer. 2009;9:141

Pahwa P, McDuffie HH, Dosman JA, McLaughlin JR, Spinelli JJ, Robson D, Fincham S.
Hodgkin lymphoma, multiple myeloma, soft tissue sarcomas, insect repellents, and
phenoxyherbicides. Journal of occupational and environmental medicine / American
College of Occupational and Environmental Medicine. 2006;48:264-274

Pamphlett R. Exposure to environmental toxins and the risk of sporadic motor neuron disease:
An expanded Australian case-control study. European journal of neurology: the official
journal of the European Federation of Neurological Societies. 2012;19:1343-1348

Pan 1J, Daniels JL, Goldman BD, Herring AH, Siega-Riz AM, Rogan WJ. Lactational exposure
to polychlorinated biphenyls, dichlorodiphenyltrichloroethane, and
dichlorodiphenyldichloroethylene and infant neurodevelopment: An analysis of the
pregnancy, infection, and nutrition babies study. Environ Health Perspect. 2009;117:488-
494

Pan 1J, Daniels JL, Herring AH, Rogan WJ, Siega-Riz AM, Goldman BD, Sjodin A.
Lactational exposure to polychlorinated biphenyls, dichlorodiphenyltrichloroethane, and
dichlorodiphenyldichloroethylene and infant growth: An analysis of the pregnancy,
infection, and nutrition babies study. Paediatric and perinatal epidemiology. 2010;24:262-
271

Pant N, Kumar R, Mathur N, Srivastava SP, Saxena DK, Gujrati VR. Chlorinated pesticide
concentration in semen of fertile and infertile men and correlation with sperm quality.
Environmental toxicology and pharmacology. 2007;23:135-139

Park SK, Kang D, Beane-Freeman L, Blair A, Hoppin JA, Sandler DP, Lynch CF, Knott C,
Gwak J, Alavanja M. Cancer incidence among paraquat exposed applicators in the
agricultural health study: Prospective cohort study. International journal of occupational and
environmental health. 2009;15:274-281

Park SK, Son HK, Lee SK, Kang JH, Chang YS, Jacobs DR, Lee DH. Relationship between
serum concentrations of organochlorine pesticides and metabolic syndrome among non-
diabetic adults. Journal of preventive medicine and public health = Yebang Uihakhoe chi.
2010;43:1-8

Parks CG, Walitt BT, Pettinger M, Chen JC, de Roos AJ, Hunt J, Sarto G, Howard BV.
Insecticide use and risk of rheumatoid arthritis and systemic lupus erythematosus in the
women's health initiative observational study. Arthritis care & research. 2011;63:184-194

Patel CJ, Bhattacharya J, Butte AJ. An environment-wide association study (ewas) on type 2
diabetes mellitus. PloS one. 2010;5:e10746

Pathak R, Ahmed RS, Tripathi AK, Guleria K, Sharma CS, Makhijani SD, Banerjee BD.

EFSA supporting publication 2013:EN-497 140

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.

748



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

Maternal and cord blood levels of organochlorine pesticides: Association with preterm
labor. Clinical biochemistry. 2009;42:746-749

Pathak R, Mustafa M, Ahmed RS, Tripathi AK, Guleria K, Banerjee BD. Association between
recurrent miscarriages and organochlorine pesticide levels. Clinical biochemistry.
2010;43:131-135

Pathak R, Mustafa MD, Ahmed T, Ahmed RS, Tripathi AK, Guleria K, Banerjee BD. Intra
uterine growth retardation: Association with organochlorine pesticide residue levels and
oxidative stress markers. Reprod Toxicol. 2011;31:534-539

Patil JA, Patil AJ, Sontakke AV, Govindwar SP. Occupational pesticides exposure of sprayers
of grape gardens in western Maharashtra (india): Effects on liver and kidney function.
Journal of basic and clinical physiology and pharmacology. 2009;20:335-355

Pearce MS, Hammal DM, Dorak MT, McNally RJ, Parker L. Paternal occupational exposure to
pesticides or herbicides as risk factors for cancer in children and young adults: A case-
control study from the north of england. Arch Environ Occup Health. 2006;61:138-144

Pekmezovic T, Suvajdzic Vukovic N, Kisic D, Grgurevic A, Bogdanovic A, Gotic M, Bakrac
M, Brkic N. A case-control study of myelodysplastic syndromes in belgrade (serbia
montenegro). Annals of hematology. 2006;85:514-519

Pereira D, Garrett C. [risk factors for Parkinson disease: An epidemiologic study]. Acta medica
portuguesa. 2010;23:15-24

Perez-Herrera N, Polanco-Minaya H, Salazar-Arredondo E, Solis-Heredia MJ, Hernandez-
Ochoa I, Rojas-Garcia E, Alvarado-Mejia J, Borja-Aburto VH, Quintanilla-Vega B.
Pon1qg192r genetic polymorphism modifies organophosphorous pesticide effects on semen
quality and DNA integrity in agricultural workers from southern mexico. Toxicology and
applied pharmacology. 2008;230:261-268

Perry MJ, Ouyang F, Korrick SA, Venners SA, Chen C, Xu X, Lasley BL, Wang X. A
prospective study of serum ddt and progesterone and estrogen levels across the menstrual
cycle in nulliparous women of reproductive age. American journal of epidemiology.
2006;164:1056-1064

Perry MJ, Venners SA, Chen X, Liu X, Tang G, Xing H, Barr DB, Xu X. Organophosphorous
pesticide exposures and sperm quality. Reprod Toxicol. 2011;31:75-79

Persson EC, Graubard BI, Evans AA, London WT, Weber JP, LeBlanc A, Chen G, Lin W,
McGlynn KA. Dichlorodiphenyltrichloroethane and risk of hepatocellular carcinoma.
International journal of cancer. Journal international du cancer. 2012;131:2078-2084

Petersen MS, Halling J, Bech S, Wermuth L, Weihe P, Nielsen F, Jorgensen PJ, Budtz-
Jorgensen E, Grandjean P. Impact of dietary exposure to food contaminants on the risk of
parkinson's disease. Neurotoxicology. 2008;29:584-590

Petit C, Blangiardo M, Richardson S, Coquet F, Chevrier C, Cordier S. Association of
environmental insecticide exposure and fetal growth with a bayesian model including
multiple exposure sources: The pelagie mother-child cohort. American journal of
epidemiology. 2012;175:1182-1190

Petit C, Chevrier C, Durand G, Monfort C, Rouget F, Garlantezec R, Cordier S. Impact on fetal
growth of prenatal exposure to pesticides due to agricultural activities: A prospective cohort

EFSA supporting publication 2013:EN-497 141

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.

749



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

study in Brittany, France. Environmental health: a global access science source. 2010;9:71

Philibert A, Schwartz H, Mergler D. An exploratory study of diabetes in a first nation
community with respect to serum concentrations of p,p'-dde and pcbs and fish consumption.
International journal of environmental research and public health. 2009;6:3179-3189

Pierik FH, Klebanoff MA, Brock JW, Longnecker MP. Maternal pregnancy serum level of
heptachlor epoxide, hexachlorobenzene, and beta-hexachlorocyclohexane and risk of
cryptorchidism in offspring. Environmental research. 2007;105:364-369

Polsky JY, Aronson KJ, Heaton JP, Adams MA. Pesticides and polychlorinated biphenyls as
potential risk factors for erectile dysfunction. Journal of andrology. 2007;28:28-37

Pombo-de-Oliveira MS, Koifman S. Infant acute leukemia and maternal exposures during
pregnancy. Cancer epidemiology, biomarkers & prevention : a publication of the American
Association for Cancer Research, cosponsored by the American Society of Preventive
Oncology. 2006;15:2336-2341

Porpora MG, Medda E, Abballe A, Bolli S, De Angelis I, di Domenico A, Ferro A, Ingelido
AM, Maggi A, Panici PB, De Felip E. Endometriosis and organochlorinated environmental
pollutants: A case-control study on italian women of reproductive age. Environ Health
Perspect. 2009;117:1070-1075

Postuma RB, Montplaisir JY, Pelletier A, Dauvilliers Y, Oertel W, Iranzo A, Ferini-Strambi L,
Arnulf I, Hogl B, Manni R, Miyamoto T, Mayer G, Stiasny-Kolster K, Puligheddu M, Ju Y,
Jennum P, Sonka K, Santamaria J, Fantini ML, Zucconi M, Leu-Semenescu S, Frauscher B,
Terzaghi M, Miyamoto M, Unger MM, Cochen De Cock V, Wolfson C. Environmental risk
factors for rem sleep behavior disorder: A multicenter case-control study. Neurology.
2012;79:428-434

Prihartono N, Kriebel D, Woskie S, Thetkhathuek A, Sripaung N, Padungtod C, Kaufman D.
Risk of aplastic anemia and pesticide and other chemical exposures. Asia-Pacific journal of
public health / Asia-Pacific Academic Consortium for Public Health. 2011;23:369-377

Prochazka M, Feychting M, Ahlbom A, Edwards CG, Nise G, Plato N, Schwartzbaum JA,
Forssen UM. Occupational exposures and risk of acoustic neuroma. Occupational and
environmental medicine. 2010;67:766-771

Provost D, Cantagrel A, Lebailly P, Jaffre A, Loyant V, Loiseau H, Vital A, Brochard P, Baldi
I. Brain tumours and exposure to pesticides: A case-control study in southwestern France.
Occupational and environmental medicine. 2007;64:509-514

Puertas R, Lopez-Espinosa MJ, Cruz F, Ramos R, Freire C, Perez-Garcia M, Abril A, Julvez J,
Salvatierra M, Campoy C, Olea N. Prenatal exposure to mirex impairs neurodevelopment at
age of 4 years. Neurotoxicology. 2010;31:154-160

Purdue MP, Engel LS, Langseth H, Needham LL, Andersen A, Barr DB, Blair A, Rothman N,
McGlynn KA. Prediagnostic serum concentrations of organochlorine compounds and risk of
testicular germ cell tumors. Environ Health Perspect. 2009;117:1514-1519

Purdue MP, Hoppin JA, Blair A, Dosemeci M, Alavanja MC. Occupational exposure to
organochlorine insecticides and cancer incidence in the agricultural health study.
International journal of cancer. Journal international du cancer. 2007;120:642-649

Qiu XQ, Zhong QA, Zeng XY, Li YH, Nie SF. [a case-control study on congenital heart
diseases with methylenetetrahydrofolate reductase gene, cystathionine beta-synthase gene,

EFSA supporting publication 2013:EN-497 142

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.

750



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

and environmental factors]. Zhonghua liu xing bing xue za zhi = Zhonghua liuxingbingxue
zazhi. 2006;27:260-263

Quaranta MG, Porpora MG, Mattioli B, Giordani L, Libri I, Ingelido AM, Cerenzia P, Di
Felice A, Abballe A, De Felip E, Viora M. Impaired nk-cell-mediated cytotoxic activity and
cytokine production in patients with endometriosis: A possible role for pcbhs and dde. Life
sciences. 2006;79:491-498

Quiros-Alcala L, Alkon AD, Boyce WT, Lippert S, Davis NV, Bradman A, Barr DB, Eskenazi
B. Maternal prenatal and child organophosphate pesticide exposures and children's
autonomic function. Neurotoxicology. 2011;32:646-655

Qureshi MM, Hayden D, Urbinelli L, Ferrante K, Newhall K, Myers D, Hilgenberg S, Smart R,
Brown RH, Cudkowicz ME. Analysis of factors that modify susceptibility and rate of
progression in amyotrophic lateral sclerosis (als). Amyotrophic lateral sclerosis: official
publication of the World Federation of Neurology Research Group on Motor Neuron
Diseases. 2006;7:173-182

R. Alarcon, M. Requena, A.F. Herndndez, T. Parrén. The relationship between breast cancer
and pesticide exposure in regions with differing pesticide use levels. Abstracts / Toxicology
Letters 205S (2011) S180-S300

Ragab M, Elzayadi AR, Hamdy H, Badran H, Shawky S, Emara S. 692 non viral risk factors in
development of hcc among egyptian chronic liver disease patients. Journal of Hepatology.
2012;56:5274

Rastogi SK, Singh VK, Kesavachandran C, Jyoti, Siddiqui MK, Mathur N, Bharti RS.
Monitoring of plasma butyrylcholinesterase activity and hematological parameters in
pesticide sprayers. Indian journal of occupational and environmental medicine. 2008;12:29-
32

Rau AT, Coutinho A, Avabratha KS, Rau AR, Warrier RP. Pesticide (endosulfan) levels in the
bone marrow of children with hematological malignancies. Indian pediatrics. 2012;49:113-
117

Rauch SA, Braun JM, Barr DB, Calafat AM, Khoury J, Montesano AM, Yolton K, Lanphear
BP. Associations of prenatal exposure to organophosphate pesticide metabolites with
gestational age and birth weight. Environ Health Perspect. 2012;120:1055-1060

Rauh V, Arunajadai S, Horton M, Perera F, Hoepner L, Barr DB, Whyatt R. Seven-year
neurodevelopmental scores and prenatal exposure to chlorpyrifos, a common agricultural
pesticide. Environ Health Perspect. 2011;119:1196-1201

Rauh VA, Garfinkel R, Perera FP, Andrews HF, Hoepner L, Barr DB, Whitehead R, Tang D,
Whyatt RW. Impact of prenatal chlorpyrifos exposure on neurodevelopment in the first 3
years of life among inner-city children. Pediatrics. 2006;118:61845-1859

Recio-Vega R, Ocampo-Gomez G, Borja-Aburto VH, Moran-Martinez J, Cebrian-Garcia ME.
Organophosphorus pesticide exposure decreases sperm quality: Association between sperm
parameters and urinary pesticide levels. Journal of applied toxicology: JAT. 2008;28:674-
680

Ren A, Qiu X, Jin L, Ma J, Li Z, Zhang L, Zhu H, Finnell RH, Zhu T. Association of selected
persistent organic pollutants in the placenta with the risk of neural tube defects. Proceedings
of the National Academy of Sciences of the United States of America. 2011;108:12770-

EFSA supporting publication 2013:EN-497 143

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.

751



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

12775

Ribas-Fito N, Gladen BC, Brock JW, Klebanoff MA, Longnecker MP. Prenatal exposure to
1,1-dichloro-2,2-bis (p-chlorophenyl)ethylene (p,p'-dde) in relation to child growth.
International journal of epidemiology. 2006;35:853-858

Ribas-Fito N, Torrent M, Carrizo D, Julvez J, Grimalt JO, Sunyer J. Exposure to
hexachlorobenzene during pregnancy and children's social behavior at 4 years of age.
Environ Health Perspect. 2007;115:447-450

Ribas-Fito N, Torrent M, Carrizo D, Munoz-Ortiz L, Julvez J, Grimalt JO, Sunyer J. In utero
exposure to background concentrations of ddt and cognitive functioning among
preschoolers. American journal of epidemiology. 2006;164:955-962

Richardson DB, Terschuren C, Hoffmann W. Occupational risk factors for non-hodgkin's
lymphoma: A population-based case-control study in northern Germany. American journal
of industrial medicine. 2008;51:258-268

Richardson JR, Shalat SL, Buckley B, Winnik B, O'Suilleabhain P, Diaz-Arrastia R, Reisch J,
German DC. Elevated serum pesticide levels and risk of parkinson disease. Archives of
neurology. 2009;66:870-875

Rignell-Hydbom A, Elfving M, Ivarsson SA, Lindh C, Jonsson BA, Olofsson P, Rylander L. A
nested case-control study of intrauterine exposure to persistent organochlorine pollutants in
relation to risk of type 1 diabetes. PloS one. 2010;5:e11281

Rignell-Hydbom A, Lidfeldt J, Kiviranta H, Rantakokko P, Samsioe G, Agardh CD, Rylander
L. Exposure to p,p'-dde: A risk factor for type 2 diabetes. PloS one. 2009;4:e7503

Rignell-Hydbom A, Rylander L, Hagmar L. Exposure to persistent organochlorine pollutants
and type 2 diabetes mellitus. Human & experimental toxicology. 2007;26:447-452

Rignell-Hydbom A, Skerfving S, Lundh T, Lindh CH, Elmstahl S, Bjellerup P, Junsson BA,
Strumberg U, Akesson A. Exposure to cadmium and persistent organochlorine pollutants
and its association with bone mineral density and markers of bone metabolism on
postmenopausal women. Environmental research. 2009;109:991-996

Riu E, Monso E, Marin A, Magarolas R, Radon K, Morera J, Andreo F, Nowak D.
Occupational risk factors for rhinitis in greenhouse flower and ornamental plant growers.
American journal of rhinology. 2008;22:361-364

Roberts EM, English PB, Grether JK, Windham GC, Somberg L, Wolff C. Maternal residence
near agricultural pesticide applications and autism spectrum disorders among children in the
California central valley. Environ Health Perspect. 2007;115:1482-1489

Rocheleau CM, Romitti PA, Sanderson WT, Sun L, Lawson CC, Waters MA, Stewart PA,
Olney RS, Reefhuis J. Maternal occupational pesticide exposure and risk of hypospadias in
the national birth defects prevention study. Birth defects research. Part A, Clinical and
molecular teratology. 2011;91:927-936

Rohlman DS, Lasarev M, Anger WK, Scherer J, Stupfel J, McCauley L. Neurobehavioral
performance of adult and adolescent agricultural workers. Neurotoxicology. 2007;28:374-
380

Rojas-Garcia AE, Medina-Diaz IM, Robledo-Marenco Mde L, Barron-Vivanco BS, Giron-
Perez MI, Velazquez-Fernandez JB, Gonzalez-Arias CA, Albores-Medina A, Quintanilla-

EFSA supporting publication 2013:EN-497 144

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.

752



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

Vega B, Ostrosky-Wegman P, Rojas-Garcia MC, Perez-Herrera NE, Lopez-Flores JF.
Hematological, biochemical effects, and self-reported symptoms in pesticide retailers.
Journal of occupational and environmental medicine / American College of Occupational
and Environmental Medicine. 2011;53:517-521

Roldan-Tapia L, Nieto-Escamez FA, del Aguila EM, Laynez F, Parron T, Sanchez-Santed F.
Neuropsychological sequelae from acute poisoning and long-term exposure to carbamate
and organophosphate pesticides. Neurotoxicology and teratology. 2006;28:694-703

Romero Ramos R, Romero Gutierrez G, Abortes Monroy |, Medina Sanchez HG. [risk factors
associated to female infertility]. Ginecologia y obstetricia de Mexico. 2008;76:717-721

Rosano A, Gemelli V, Giovannelli C, Paciotti G, Sabatucci A, Spagnolo A. [fertility changes in
women working in greenhouses]. La Medicina del lavoro. 2009;100:448-454

Rossman MD, Thompson B, Frederick M, lannuzzi MC, Rybicki BA, Pander JP, Newman LS,
Rose C, Magira E, Monos D. Hla and environmental interactions in sarcoidosis. Sarcoidosis,
vasculitis, and diffuse lung diseases : official journal of WASOG / World Association of
Sarcoidosis and Other Granulomatous Disorders. 2008;25:125-132

Rosso AL, Hovinga ME, Rorke-Adams LB, Spector LG, Bunin GR. A case-control study of
childhood brain tumors and fathers' hobbies: A children's oncology group study. Cancer
causes & control: CCC. 2008;19:1201-1207

Rothlein J, Rohlman D, Lasarev M, Phillips J, Muniz J, McCauley L. Organophosphate
pesticide exposure and neurobehavioral performance in agricultural and nonagricultural
hispanic workers. Environmental Health Perspectives. 2006;114:691-696

Rubin CH, Lanier A, Kieszak S, Brock JW, Koller KR, Strosnider H, Needham L, Zahm S,
Harpster A. Breast cancer among alaska native women potentially exposed to environmental
organochlorine chemicals. International journal of circumpolar health. 2006;65:18-27

Rudant J, Menegaux F, Leverger G, Baruchel A, Nelken B, Bertrand Y, Patte C, Pacquement
H, Verite C, Robert A, Michel G, Margueritte G, Gandemer V, Hemon D, Clavel J.
Household exposure to pesticides and risk of childhood hematopoietic malignancies: The
escale study (sfce). Environ Health Perspect. 2007;115:1787-1793

Ruder AM, Carreon T, Butler MA, Calvert GM, Davis-King KE, Waters MA, Schulte PA,
Mandel JS, Morton RF, Reding DJ, Rosenman KD. Exposure to farm crops, livestock, and
farm tasks and risk of glioma: The upper midwest health study. American journal of
epidemiology. 2009;169:1479-1491

Ruder AM, Waters MA, Carreon T, Butler MA, Davis-King KE, Calvert GM, Schulte PA,
Ward EM, Connally LB, Lu J, Wall D, Zivkovich Z, Heineman EF, Mandel JS, Morton RF,
Reding DJ, Rosenman KD. The upper midwest health study: A case-control study of
primary intracranial gliomas in farm and rural residents. Journal of agricultural safety and
health. 2006;12:255-274

Ruder AM, Yiin JH. Mortality of us pentachlorophenol production workers through 2005.
Chemosphere. 2011;83:851-861

Rugbjerg K, Harris MA, Shen H, Marion SA, Tsui JK, Teschke K. Pesticide exposure and risk
of Parkinson’s disease--a population-based case-control study evaluating the potential for
recall bias. Scand J Work Environ Health. 2011;37:427-436

Rull RP, Gunier R, Von Behren J, Hertz A, Crouse V, Buffler PA, Reynolds P. Residential
EFSA supporting publication 2013:EN-497 145

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.

753



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

proximity to agricultural pesticide applications and childhood acute lymphoblastic leukemia.
Environmental research. 2009;109:891-899

Rull RP, Ritz B, Shaw GM. Neural tube defects and maternal residential proximity to
agricultural pesticide applications. American journal of epidemiology. 2006;163:743-753

Rusiecki JA, Hou L, Lee WJ, Blair A, Dosemeci M, Lubin JH, Bonner M, Samanic C, Hoppin
JA, Sandler DP, Alavanja MC. Cancer incidence among pesticide applicators exposed to
metolachlor in the agricultural health study. International journal of cancer. Journal
international du cancer. 2006;118:3118-3123

Rusiecki JA, Patel R, Koutros S, Beane-Freeman L, Landgren O, Bonner MR, Coble J, Lubin J,
Blair A, Hoppin JA, Alavanja MC. Cancer incidence among pesticide applicators exposed to
permethrin in the agricultural health study. Environ Health Perspect. 2009;117:581-586

Rylander L, Wallin E, Jonssson BA, Stridsberg M, Erfurth EM, Hagmar L. Associations
between ch-153 and p,p'-dde and hormone levels in serum in middle-aged and elderly men.
Chemosphere. 2006;65:375-381

Sagiv SK, Nugent JK, Brazelton TB, Choi AL, Tolbert PE, Altshul LM, Korrick SA. Prenatal
organochlorine exposure and measures of behavior in infancy using the neonatal behavioral
assessment scale (nbas). Environ Health Perspect. 2008;116:666-673

Sagiv SK, Thurston SW, Bellinger DC, Altshul LM, Korrick SA. Neuropsychological measures
of attention and impulse control among 8-year-old children exposed prenatally to
organochlorines. Environ Health Perspect. 2012;120:904-909

Sagiv SK, Thurston SW, Bellinger DC, Tolbert PE, Altshul LM, Korrick SA. Prenatal
organochlorine exposure and behaviors associated with attention deficit hyperactivity
disorder in school-aged children. American journal of epidemiology. 2010;171:593-601

Sagiv SK, Tolbert PE, Altshul LM, Korrick SA. Organochlorine exposures during pregnancy
and infant size at birth. Epidemiology. 2007;18:120-129

Salameh P, Waked M, Baldi I, Brochard P, Saleh BA. Respiratory diseases and pesticide
exposure: A case-control study in Lebanon. Journal of epidemiology and community health.
2006;60:256-261

Salameh PR, Waked M, Baldi I, Brochard P, Saleh BA. Chronic bronchitis and pesticide
exposure: A case-control study in Lebanon. European journal of epidemiology.
2006;21:681-688

Saldana TM, Basso O, Baird DD, Hoppin JA, Weinberg CR, Blair A, Alavanja MC, Sandler
DP. Pesticide exposure and hypertensive disorders during pregnancy. Environ Health
Perspect. 2009;117:1393-1396

Saldana TM, Basso O, Hoppin JA, Baird DD, Knott C, Blair A, Alavanja MC, Sandler DP.
Pesticide exposure and self-reported gestational diabetes mellitus in the agricultural health
study. Diabetes care. 2007;30:529-534

Samanic C, Rusiecki J, Dosemeci M, Hou L, Hoppin JA, Sandler DP, Lubin J, Blair A,
Alavanja MCR. Cancer incidence among pesticide applicators exposed to dicamba in the
agricultural health study. Environmental Health Perspectives. 2006;114:1521-1526

Samanic CM, De Roos AJ, Stewart PA, Rajaraman P, Waters MA, Inskip PD. Occupational
exposure to pesticides and risk of adult brain tumors. American journal of epidemiology.

EFSA supporting publication 2013:EN-497 146

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.

754



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

2008;167:976-985

Sanchez A.T. , Olivera R.M.P. , Sanchez G.M.D.O. , Dorantes G.L.. Pemphigus vulgaris.
Epidemiological study and analysis of possible risk factors of mortality. Dermatologia
Revista Mexicana (2006) 50:2 (50-53).

Santibanez M, Alguacil J, de la Hera MG, Navarrete-Munoz EM, Llorca J, Aragones N,
Kauppinen T, Vioque J. Occupational exposures and risk of stomach cancer by histological
type. Occupational and environmental medicine. 2012;69:268-275

Santibanez M, Vioque J, Alguacil J, de la Hera MG, Moreno-Osset E, Carrato A, Porta M,
Kauppinen T. Occupational exposures and risk of pancreatic cancer. European journal of
epidemiology. 2010;25:721-730

Sanyal J, Chakraborty DP, Sarkar B, Banerjee TK, Mukherjee SC, Ray BC, Rao VR.
Environmental and familial risk factors of Parkinson's disease: Case-control study. The
Canadian journal of neurological sciences. Le journal canadien des sciences neurologiques.
2010;37:637-642

Sartor SG, Eluf-Neto J, Travier N, Wunsch Filho V, Arcuri AS, Kowalski LP, Boffetta P.
[occupational risks for laryngeal cancer: A case-control study]. Cadernos de saude publica.
2007;23:1473-1481

Sathyanarayana S, Basso O, Karr CJ, Lozano P, Alavanja M, Sandler DP, Hoppin JA. Maternal
pesticide use and birth weight in the agricultural health study. Journal of agromedicine.
2010;15:127-136

Sawada N, Iwasaki M, Inoue M, Itoh H, Sasazuki S, Yamaji T, Shimazu T, Tsugane S. Plasma
organochlorines and subsequent risk of prostate cancer in Japanese men: A nested case-
control study. Environ Health Perspect. 2010;118:659-665

Schell LM, Gallo MV, Denham M, Ravenscroft J, DeCaprio AP, Carpenter DO. Relationship
of thyroid hormone levels to levels of polychlorinated biphenyls, lead, p,p'- dde, and other
toxicants in akwesasne mohawk youth. Environ Health Perspect. 2008;116:806-813

Schell LM, Gallo MV, Ravenscroft J, DeCaprio AP. Persistent organic pollutants and anti-
thyroid peroxidase levels in akwesasne mohawk young adults. Environmental research.
2009;109:86-92

Schmeisser N, Behrens T, Mester B, Gottlieb A, Langner I, Ahrens W. Local cluster of germ
cell cancer in a cohort of male automotive workers in germany not explained by previous or
concurrent activities and exposures in farming and forestry. Cancer epidemiology.
2011;35:73-77

Schmeisser N, Kaerlev L, Bourdon-Raverdy N, Ganry O, Llopis-Gonzalez A, Guenel P,
Hardell L, Merletti F, Zambon P, Morales-Suarez-Varela M, Olsen J, Olsson H, Vyberg M,
Ahrens W. Occupational exposure to pesticides and bile tract carcinoma in men: Results
from a european multicenter case-control study. Cancer causes & control: CCC.
2010;21:1493-1502

Schreinemachers DM. Perturbation of lipids and glucose metabolism associated with previous
2,4-d exposure: A cross-sectional study of nhanes iii data, 1988-1994. Environmental
health: a global access science source. 2010;9:11

Semchuk KM, Rosenberg AM, McDuffie HH, Cessna AJ, Pahwa P, Irvine DG. Antinuclear
antibodies and bromoxynil exposure in a rural sample. Journal of toxicology and

EFSA supporting publication 2013:EN-497 147

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.

755



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

environmental health. Part A. 2007;70:638-657

Settimi L, Spinelli A, Lauria L, Miceli G, Pupp N, Angotzi G, Fedi A, Donati S, Miligi L,
Osborn J, Figa-Talamanca |. Spontaneous abortion and maternal work in greenhouses.
American journal of industrial medicine. 2008;51:290-295

Seyed Jalal Emam, Maryam Salehcheh, Mohammad Hossein Haghighizadeh, Seyed
Mohammad Hosein Mousavi Jazayeri. Occupational exposure to pesticides among farmers.
Pak J Med Sci 2012;28(1):120-123

Sharma E, Mustafa M, Pathak R, Guleria K, Ahmed RS, Vaid NB, Banerjee BD. A case control
study of gene environmental interaction in fetal growth restriction with special reference to
organochlorine pesticides. European journal of obstetrics, gynecology, and reproductive
biology. 2012;161:163-169

Shekharyadav C, Bajpai M, Kumar V, Ahmed RS, Gupta P, Banerjee BD. Polymorphism in
cyplal, gstmi, gsttl genes and organochlorine pesticides in the etiology of hypospadias.
Human & experimental toxicology. 2011;30:1464-1474

Shim YK, Mlynarek SP, van Wijngaarden E. Parental exposure to pesticides and childhood
brain cancer: U.S. Atlantic coast childhood brain cancer study. Environ Health Perspect.
2009;117:1002-1006

Shirangi A, Fritschi L, Holman CD. Maternal occupational exposures and risk of spontaneous
abortion in veterinary practice. Occupational and environmental medicine. 2008;65:719-725

Siddharth M, Datta SK, Bansal S, Mustafa M, Banerjee BD, Kalra OP, Tripathi AK. Study on
organochlorine pesticide levels in chronic kidney disease patients: Association with
estimated glomerular filtration rate and oxidative stress. Journal of biochemical and
molecular toxicology. 2012;26:241-247

Silva SR, Martins JL, Seixas S, Silva DC, Lemos SP, Lemos PV. [congenital defects and
exposure to pesticides in sao francisco valley]. Revista brasileira de ginecologia e obstetricia
- revista da Federacao Brasileira das Sociedades de Ginecologia e Obstetricia. 2011;33:20-
26

Skeie GO, Muller B, Haugarvoll K, Larsen JP, Tysnes OB. Differential effect of environmental
risk factors on postural instability gait difficulties and tremor dominant Parkinson’s disease.
Movement disorders: official journal of the Movement Disorder Society. 2010;25:1847-
1852

Slager RE, Poole JA, LeVan TD, Sandler DP, Alavanja MC, Hoppin JA. Rhinitis associated
with pesticide exposure among commercial pesticide applicators in the agricultural health
study. Occupational and environmental medicine. 2009;66:718-724

Slager RE, Simpson SL, Levan TD, Poole JA, Sandler DP, Hoppin JA. Rhinitis associated with
pesticide use among private pesticide applicators in the agricultural health study. Journal of
toxicology and environmental health. Part A. 2010;73:1382-1393

Slater ME, Linabery AM, Spector LG, Johnson KJ, Hilden JM, Heerema NA, Robison LL,
Ross JA. Maternal exposure to household chemicals and risk of infant leukemia: A report
from the children's oncology group. Cancer causes & control : CCC. 2011;22:1197-1204

Smink A, Ribas-Fito N, Garcia R, Torrent M, Mendez MA, Grimalt JO, Sunyer J. Exposure to
hexachlorobenzene during pregnancy increases the risk of overweight in children aged 6

EFSA supporting publication 2013:EN-497 148

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.

756



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

years. Acta Paediatr. 2008;97:1465-1469

Snijder CA, Roeleveld N, Te Velde E, Steegers EA, Raat H, Hofman A, Jaddoe VW, Burdorf
A. Occupational exposure to chemicals and fetal growth: The generation r study. Hum
Reprod. 2012;27:910-920

Snijder CA, Vlot 1J, Burdorf A, Obermann-Borst SA, Helbing WA, Wildhagen MF, Steegers
EA, Steegers-Theunissen RP. Congenital heart defects and parental occupational exposure
to chemicals. Hum Reprod. 2012;27:1510-1517

Soldin OP, Nsouli-Maktabi H, Genkinger JM, Loffredo CA, Ortega-Garcia JA, Colantino D,
Barr DB, Luban NL, Shad AT, Nelson D. Pediatric acute lymphoblastic leukemia and
exposure to pesticides. Therapeutic drug monitoring. 2009;31:495-501

Solomon C, Poole J, Palmer KT, Peveler R, Coggon D. Neuropsychiatric symptoms in past
users of sheep dip and other pesticides. Occupational and environmental medicine.
2007;64:259-266

Son HK, Kim SA, Kang JH, Chang YS, Park SK, Lee SK, Jacobs DR, Jr., Lee DH. Strong
associations between low-dose organochlorine pesticides and type 2 diabetes in korea.
Environment international. 2010;36:410-414

Spinelli JJ, Ng CH, Weber JP, Connors JM, Gascoyne RD, Lai AS, Brooks-Wilson AR, Le
ND, Berry BR, Gallagher RP. Organochlorines and risk of non-hodgkin lymphoma.
International journal of cancer. Journal international du cancer. 2007;121:2767-2775

Spix C, Schulze-Rath R, Kaatsch P, Blettner M. Case-control study on risk factors for
leukaemia and brain tumours in children under 5 years in germany. Klinische Padiatrie.
2009;221:362-368

Stallones L. Suicide and potential occupational exposure to pesticides, colorado 1990-1999.
Journal of agromedicine. 2006;11:107-112

Starks SE, Gerr F, Kamel F, Lynch CF, Jones MP, Alavanja MC, Sandler DP, Hoppin JA.
Neurobehavioral function and organophosphate insecticide use among pesticide applicators
in the agricultural health study. Neurotoxicology and teratology. 2012;34:168-176

Starks SE, Hoppin JA, Kamel F, Lynch CF, Jones MP, Alavanja MC, Sandler DP, Gerr F.
Peripheral nervous system function and organophosphate pesticide use among licensed
pesticide applicators in the agricultural health study. Environ Health Perspect.
2012;120:515-520

Steerenberg P, van Amelsvoort L, Colosio C, Corsini E, Fustinoni S, Vergieva T, Zaikov C,
Pennanen S, Liesivuori J, Van Loveren H. Toxicological evaluation of the immune function
of pesticide workers, a european wide assessment. Human & experimental toxicology.
2008;27:701-707

Stewart PW, Lonky E, Reihman J, Pagano J, Gump BB, Darvill T. The relationship between
prenatal pch exposure and intelligence (iq) in 9-year-old children. Environ Health Perspect.
2008;116:1416-1422

Strom SS, Yamamura Y, Flores-Sandoval FN, Pettaway CA, Lopez DS. Prostate cancer in
mexican-americans: ldentification of risk factors. The Prostate. 2008;68:563-570

Strom SS, Yamamura Y, Kantarijian HM, Cortes-Franco JE. Obesity, weight gain, and risk of
chronic myeloid leukemia. Cancer epidemiology, biomarkers & prevention: a publication of

EFSA supporting publication 2013:EN-497 149

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.

757



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

the American Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology. 2009;18:1501-1506

Stronati A, Manicardi GC, Cecati M, Bordicchia M, Ferrante L, Spano M, Toft G, Bonde JP,
Jonsson BA, Rignell-Hydbom A, Rylander L, Giwercman A, Pedersen HS, Bonefeld-
Jorgensen EC, Ludwicki JK, Lesovoy V, Sakkas D, Bizzaro D. Relationships between
sperm DNA fragmentation, sperm apoptotic markers and serum levels of cb-153 and p,p'-
dde in european and inuit populations. Reproduction. 2006;132:949-958

Stuetz W, McGready R, Cho T, Prapamontol T, Biesalski HK, Stepniewska K, Nosten F.
Relation of ddt residues to plasma retinol, alpha-tocopherol, and beta-carotene during
pregnancy and malaria infection: A case-control study in karen women in northern thailand.
The Science of the total environment. 2006;363:78-86

SuY, DaiY,LinY, Gao X, Han Y, Zhao B. Serum organochlorine pesticide residues and risk
of gallstone disease: A case-control study in xiamen. Annals of epidemiology. 2012;22:592-
597

Subahir MN, Shah SA, Zainuddin ZM. Risk factors for prostate cancer in universiti kebangsaan
Malaysia medical centre: A case-control study. Asian Pacific journal of cancer prevention:
APJCP. 2009;10:1015-1020

Sunyer J, Alvarez-Pedrerol M, To-Figueras J, Ribas-Fito N, Grimalt JO, Herrero C. Urinary
porphyrin excretion in children is associated with exposure to organochlorine compounds.
Environ Health Perspect. 2008;116:1407-1410

Sunyer J, Basagana X, Gonzalez JR, Julvez J, Guerra S, Bustamante M, de Cid R, Anto JM,
Torrent M. Early life environment, neurodevelopment and the interrelation with atopy.
Environmental research. 2010;110:733-738

Sunyer J, Garcia-Esteban R, Alvarez M, Guxens M, Goni F, Basterrechea M, Vrijheid M,
Guerra S, Anto JM. Dde in mothers' blood during pregnancy and lower respiratory tract
infections in their infants. Epidemiology. 2010;21:729-735

Sunyer J, Torrent M, Garcia-Esteban R, Ribas-Fito N, Carrizo D, Romieu I, Anto JM, Grimalt
JO. Early exposure to dichlorodiphenyldichloroethylene, breastfeeding and asthma at age
six. Clinical and experimental allergy : journal of the British Society for Allergy and
Clinical Immunology. 2006;36:1236-1241

Sutoluk Z, Kekec Z, Daglioglu N, Hant 1. Association of chronic pesticide exposure with serum
cholinesterase levels and pulmonary functions. Archives of Environmental & Occupational
Health. 2011;66:95-99

Swaen G, van Amelsvoort L, Boers D, Corsini E, Fustinoni S, Vergieva T, Bosetti C, Pennanen
S, Liesivuori J, Colosio C, van Loveren H. Occupational exposure to
ethylenebisdithiocarbamates in agriculture and allergy: Results from the europit field study.
Human & experimental toxicology. 2008;27:715-720

Swan SH. Semen quality in fertile us men in relation to geographical area and pesticide
exposure. International journal of andrology. 2006;29:62-68; discussion 105-108

Tadevosyan N.S., Tadevosyan A.E., Petrosyan M.S. Pesticides application in agricultural of
Armenia and their impact on reproductive function in humans. THE NEW ARMENIAN
MEDICAL JOURNALVol. 3 (2009), N 2, 41 - 48

Tagiyeva N, Devereux G, Semple S, Sherriff A, Henderson J, Elias P, Ayres JG. Parental
EFSA supporting publication 2013:EN-497 150

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.

758



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

occupation is a risk factor for childhood wheeze and asthma. The European respiratory
journal. 2010;35:987-993

Tan X.H. Risk factors for Parkinson disease and the path analysis: One-to-one paired design.
Neural Regeneration Research (2007) 2:2 (117-120)

Tanner CM, Kamel F, Ross GW, Hoppin JA, Goldman SM, Korell M, Marras C, Bhudhikanok
GS, Kasten M, Chade AR, Comyns K, Richards MB, Meng C, Priestley B, Fernandez HH,
Cambi F, Umbach DM, Blair A, Sandler DP, Langston JW. Rotenone, paraquat, and
Parkinson’s disease. Environ Health Perspect. 2011;119:866-872

Tanner CM, Ross GW, Jewell SA, Hauser RA, Jankovic J, Factor SA, Bressman S, Deligtisch
A, Marras C, Lyons KE, Bhudhikanok GS, Roucoux DF, Meng C, Abbott RD, Langston
JW. Occupation and risk of Parkinsonism: A multicenter case-control study. Archives of
neurology. 2009;66:1106-1113

Teitelbaum SL, Gammon MD, Britton JA, Neugut Al, Levin B, Stellman SD. Reported
residential pesticide use and breast cancer risk on long island, New York. American journal
of epidemiology. 2007;165:643-651

Thakur JS, Rao BT, Rajwanshi A, Parwana HK, Kumar R. Epidemiological study of high
cancer among rural agricultural community of punjab in northern india. International journal
of environmental research and public health. 2008;5:399-407

Tiido T, Rignell-Hydbom A, Jonsson BAG, Giwercman YL, Pedersen HS, Wojtyniak B,
Ludwicki JK, Lesovoy V, Zvyezday V, Spano M, Manicardi G-C, Bizzaro D, Bonefeld-
Jargensen EC, Toft G, Bonde JP, Rylander L, Hagmar L, Giwercman A. Impact of pcb and
p, p’-dde contaminants on human sperm y:X chromosome ratio: Studies in three european
populations and the inuit population in greenland. Environmental Health Perspectives.
2005;114:718-724

Toft G, Axmon A, Lindh CH, Giwercman A, Bonde JP. Menstrual cycle characteristics in
european and inuit women exposed to persistent organochlorine pollutants. Hum Reprod.
2008;23:193-200

Toft G, Rignell-Hydbom A, Tyrkiel E, Shvets M, Giwercman A, Lindh CH, Pedersen HS,
Ludwicki JK, Lesovoy V, Hagmar L, Spano M, Manicardi GC, Bonefeld-Jorgensen EC,
Thulstrup AM, Bonde JP. Semen quality and exposure to persistent organochlorine
pollutants. Epidemiology. 2006;17:450-458

Toft G, Thulstrup AM, Jonsson BA, Pedersen HS, Ludwicki JK, Zvezday V, Bonde JP. Fetal
loss and maternal serum levels of 2,2',4,4',5,5'-hexachlorbiphenyl (cb-153) and 1,1-dichloro-
2,2-bis(p-chlorophenyl)ethylene (p,p'-dde) exposure: A cohort study in greenland and two
european populations. Environmental health: a global access science source. 2010;9:22

Ton TG, Longstreth WT, Jr., Koepsell TD. Environmental toxins and risk of narcolepsy among
people with hla dgb1*0602. Environmental research. 2010;110:565-570

Tondel M, Lindh J, Jonsson P, Vrethem M, Persson B. Occupational determinants of
cryptogenic polyneuropathy. Neuroepidemiology. 2006;26:187-194

Torres-Sanchez L, Rothenberg SJ, Schnaas L, Cebrian ME, Osorio E, Del Carmen Hernandez
M, Garcia-Hernandez RM, Del Rio-Garcia C, Wolff MS, Lopez-Carrillo L. In utero p,p'-dde
exposure and infant neurodevelopment: A perinatal cohort in mexico. Environ Health
Perspect. 2007;115:435-439

EFSA supporting publication 2013:EN-497 151

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.

759



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

Torres-Sanchez L, Schnaas L, Cebrian ME, Hernandez Mdel C, Valencia EO, Garcia
Hernandez RM, Lopez-Carrillo L. Prenatal dichlorodiphenyldichloroethylene (dde)
exposure and neurodevelopment: A follow-up from 12 to 30 months of age.
Neurotoxicology. 2009;30:1162-1165

Torres-Sanchez L, Zepeda M, Cebrian ME, Belkind-Gerson J, Garcia-Hernandez RM, Belkind-
Valdovinos U, Lopez-Carrillo L. Dichlorodiphenyldichloroethylene exposure during the
first trimester of pregnancy alters the anal position in male infants. Annals of the New York
Academy of Sciences. 2008;1140:155-162

Trabert B, Longnecker MP, Brock JW, Klebanoff MA, McGlynn KA. Maternal pregnancy
levels of trans-nonachlor and oxychlordane and prevalence of cryptorchidism and
hypospadias in boys. Environ Health Perspect. 2012;120:478-482

Tsai J, Kaye WE, Bove FJ. Wilms' tumor and exposures to residential and occupational
hazardous chemicals. International journal of hygiene and environmental health.
2006;209:57-64

Tuc VP, Wangsuphachart V, Tasanapradit P, Fungladda W, Van Trong P, Nhung NT. Impacts
of pesticide use on semen characteristics among rice farmers in kienxuong district, thaibinh
province, vietnam. The Southeast Asian journal of tropical medicine and public health.
2007;38:569-575

Turyk M, Anderson H, Knobeloch L, Imm P, Persky V. Organochlorine exposure and
incidence of diabetes in a cohort of great lakes sport fish consumers. Environ Health
Perspect. 2009;117:1076-1082

Turyk ME, Anderson HA, Persky VW. Relationships of thyroid hormones with polychlorinated
biphenyls, dioxins, furans, and dde in adults. Environ Health Perspect. 2007;115:1197-1203

Twum C, Wei Y. The association between urinary concentrations of dichlorophenol pesticides
and obesity in children. Reviews on environmental health. 2011;26:215-219

Ubaidullaeva KM. [the clinical and functional features of chronic obstructive lung disease in
patients with organic chlorine pesticides in blood]. Problemy tuberkuleza i boleznei legkikh.
2006:21-23

Ukropec J, Radikova Z, Huckova M, Koska J, Kocan A, Sebokova E, Drobna B, Trnovec T,
Susienkova K, Labudova V, Gasperikova D, Langer P, Klimes I. High prevalence of
prediabetes and diabetes in a population exposed to high levels of an organochlorine
cocktail. Diabetologia. 2010;53:899-906

Urayama KY, Wiencke JK, Buffler PA, Chokkalingam AP, Metayer C, Wiemels JL. Mdrl
gene variants, indoor insecticide exposure, and the risk of childhood acute lymphoblastic
leukemia. Cancer epidemiology, biomarkers & prevention: a publication of the American
Association for Cancer Research, cosponsored by the American Society of Preventive
Oncology. 2007;16:1172-1177

Vajdic CM, Fritschi L, Grulich AE, Kaldor JM, Benke G, Kricker A, Hughes AM, Turner JJ,
Milliken S, Goumas C, Armstrong BK. Atopy, exposure to pesticides and risk of non-
hodgkin lymphoma. International journal of cancer. Journal international du cancer.
2007;120:2271-2274

Valcin M, Henneberger PK, Kullman GJ, Umbach DM, London SJ, Alavanja MC, Sandler DP,
Hoppin JA. Chronic bronchitis among nonsmoking farm women in the agricultural health

EFSA supporting publication 2013:EN-497 152

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.

760



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

study. Journal of occupational and environmental medicine / American College of
Occupational and Environmental Medicine. 2007;49:574-583

Valikhani M, Kavusi S, Chams-Davatchi C, Daneshpazhooh M, Barzegari M, Ghiasi M,
Abedini R. Pemphigus and associated environmental factors: A case-control study. Clinical
and experimental dermatology. 2007;32:256-260

Valvi D, Mendez MA, Martinez D, Grimalt JO, Torrent M, Sunyer J, Vrijheid M. Prenatal
concentrations of polychlorinated biphenyls, dde, and ddt and overweight in children: A
prospective birth cohort study. Environ Health Perspect. 2012;120:451-457

van Amelsvoort L, Mohren D, Slangen J, Swaen G, Corsini E, Fustinoni S, Vergieva T, Bosetti
C, Liesivuori J, Tarkowski M, Colosio C, van Loveren H. Immune effects and exposure to
ethylenebisdithiocarbamate pesticides in re-entry workers in the netherlands. Human &
experimental toxicology. 2008;27:693-699

van Balen E, Font R, Cavalle N, Font L, Garcia-Villanueva M, Benavente Y, Brennan P, de
Sanjose S. Exposure to non-arsenic pesticides is associated with lymphoma among farmers
in spain. Occupational and environmental medicine. 2006;63:663-668

van Bemmel DM, Visvanathan K, Beane Freeman LE, Coble J, Hoppin JA, Alavanja MC. S-
ethyl-n,n-dipropylthiocarbamate exposure and cancer incidence among male pesticide
applicators in the agricultural health study: A prospective cohort. Environ Health Perspect.
2008;116:1541-1546

Verhulst SL, Nelen V, Hond ED, Koppen G, Beunckens C, Vael C, Schoeters G, Desager K.
Intrauterine exposure to environmental pollutants and body mass index during the first 3
years of life. Environ Health Perspect. 2009;117:122-126

Vidal JS, Vidailhet M, Derkinderen P, de Gaillarbois TD, Tzourio C, Alperovitch A. Risk
factors for progressive supranuclear palsy: A case-control study in France. Journal of
neurology, neurosurgery, and psychiatry. 2009;80:1271-1274

Vidal JS, Vidailhet M, Elbaz A, Derkinderen P, Tzourio C, Alperovitch A. Risk factors of
multiple system atrophy: A case-control study in french patients. Movement disorders:
official journal of the Movement Disorder Society. 2008;23:797-803

Viel JF, Floret N, Deconinck E, Focant JF, De Pauw E, Cahn JY. Increased risk of non-hodgkin
lymphoma and serum organochlorine concentrations among neighbors of a municipal solid
waste incinerator. Environment international. 2011;37:449-453

Villarejo D, McCurdy SA. The California agricultural workers health survey. Journal of
agricultural safety and health. 2008;14:135-146

Villeneuve S, Cyr D, Lynge E, Orsi L, Sabroe S, Merletti F, Gorini G, Morales-Suarez-Varela
M, Ahrens W, Baumgardt-Elms C, Kaerlev L, Eriksson M, Hardell L, Fevotte J, Guenel P.
Occupation and occupational exposure to endocrine disrupting chemicals in male breast
cancer: A case-control study in europe. Occupational and environmental medicine.
2010;67:837-844

Vlajinac HD, Sipetic SB, Maksimovic JM, Marinkovic JM, Dzoljic ED, Ratkov IS, Kostic VS.
Environmental factors and Parkinson's disease: A case-control study in belgrade, serbia.
The International journal of neuroscience. 2010;120:361-367

Waggoner JK, Kullman GJ, Henneberger PK, Umbach DM, Blair A, Alavanja MC, Kamel F,
Lynch CF, Knott C, London SJ, Hines CJ, Thomas KW, Sandler DP, Lubin JH, Beane

EFSA supporting publication 2013:EN-497 153

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.

761



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

Freeman LE, Hoppin JA. Mortality in the agricultural health study, 1993-2007. American
journal of epidemiology. 2011;173:71-83

Walker KM, Carozza S, Cooper S, Elgethun K. Childhood cancer in texas counties with
moderate to intense agricultural activity. Journal of agricultural safety and health.
2007;13:9-24

Waller SA, Paul K, Peterson SE, Hitti JE. Agricultural-related chemical exposures, season of
conception, and risk of gastroschisis in washington state. American journal of obstetrics and
gynecology. 2010;202:241 e241-246

Wang A, Costello S, Cockburn M, Zhang X, Bronstein J, Ritz B. Parkinson's disease risk from
ambient exposure to pesticides. European journal of epidemiology. 2011;26:547-555

Wang J, Zhu Y, Cai X, Yu J, Yang X, Cheng J. Abnormal glucose regulation in pyrethroid
pesticide factory workers. Chemosphere. 2011;82:1080-1082

Wang P, Tian Y, Wang XJ, Gao Y, Shi R, Wang GQ, Hu GH, Shen XM. Organophosphate
pesticide exposure and perinatal outcomes in shanghai, china. Environment international.
2012;42:100-104

Wanigasuriya KP, Peiris-John RJ, Wickremasinghe R. Chronic kidney disease of unknown
aetiology in Sri Lanka: Is cadmium a likely cause? BMC nephrology. 2011;12:32

Ward MH, Colt JS, Metayer C, Gunier RB, Lubin J, Crouse V, Nishioka MG, Reynolds P,
Buffler PA. Residential exposure to polychlorinated biphenyls and organochlorine
pesticides and risk of childhood leukemia. Environ Health Perspect. 2009;117:1007-1013

Weisskopf MG, Knekt P, O'Reilly EJ, Lyytinen J, Reunanen A, Laden F, Altshul L, Ascherio
A. Persistent organochlorine pesticides in serum and risk of parkinson disease. Neurology.
2010;74:1055-1061

Weisskopf MG, Morozova N, O'Reilly EJ, McCullough ML, Calle EE, Thun MJ, Ascherio A.
Prospective study of chemical exposures and amyotrophic lateral sclerosis. Journal of
neurology, neurosurgery, and psychiatry. 2009;80:558-561

Weselak M, Arbuckle TE, Wigle DT, Krewski D. In utero pesticide exposure and childhood
morbidity. Environmental research. 2007;103:79-86

Weselak M, Arbuckle TE, Wigle DT, Walker MC, Krewski D. Pre- and post-conception
pesticide exposure and the risk of birth defects in an ontario farm population. Reprod
Toxicol. 2008;25:472-480

Wickerham EL, Lozoff B, Shao J, Kaciroti N, Xia Y, Meeker JD. Reduced birth weight in
relation to pesticide mixtures detected in cord blood of full-term infants. Environment
international. 2012;47:80-85

Wohlfahrt-Veje C, Andersen HR, Jensen TK, Grandjean P, Skakkebaek NE, Main KM.
Smaller genitals at school age in boys whose mothers were exposed to non-persistent
pesticides in early pregnancy. International journal of andrology. 2012;35:265-272

Wohlfahrt-Veje C, Andersen HR, Schmidt IM, Aksglaede L, Sorensen K, Juul A, Jensen TK,
Grandjean P, Skakkebaek NE, Main KM. Early breast development in girls after prenatal
exposure to non-persistent pesticides. International journal of andrology. 2012;35:273-282

Wohlfahrt-Veje C, Main KM, Schmidt IM, Boas M, Jensen TK, Grandjean P, Skakkebaek NE,
Andersen HR. Lower birth weight and increased body fat at school age in children

EFSA supporting publication 2013:EN-497 154

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.

762



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

prenatally exposed to modern pesticides: A prospective study. Environmental health : a
global access science source. 2011;10:79

Wohlfahrt-Veje C., Main K.M., Schmidt I.M., Jensen T.K., Grandjean P., Skakkebaek N.E.,
Andersen H.R. Effects of prenatal exposure to modern pesticides on birth weight, growth
and body composition in childhood; Interactions with maternal smoking and PON1 gene-
polymorphisms. Hormone Research in Paediatrics (2011) 76 SUPPL. 2 (232-233).

Woijtyniak BJ, Rabczenko D, Jonsson BA, Zvezday V, Pedersen HS, Rylander L, Toft G,
Ludwicki JK, Goralczyk K, Lesovaya A, Hagmar L, Bonde JP. Association of maternal
serum concentrations of 2,2', 4,4'5,5'-hexachlorobiphenyl (cb-153) and 1,1-dichloro-2,2-bis
(p-chlorophenyl)-ethylene (p,p'-dde) levels with birth weight, gestational age and preterm
births in inuit and european populations. Environmental health : a global access science
source. 2010;9:56

Wolff MS, Britton JA, Boguski L, Hochman S, Maloney N, Serra N, Liu Z, Berkowitz G,
Larson S, Forman J. Environmental exposures and puberty in inner-city girls.
Environmental research. 2008;107:393-400

Wolff MS, Engel S, Berkowitz G, Teitelbaum S, Siskind J, Barr DB, Wetmur J. Prenatal
pesticide and pch exposures and birth outcomes. Pediatric research. 2007;61:243-250

Wong O, Harris F, Armstrong TW, Hua F. A hospital-based case-control study of acute
myeloid leukemia in shanghai: Analysis of environmental and occupational risk factors by
subtypes of the who classification. Chemico-biological interactions. 2010;184:112-128

Wong O, Harris F, Armstrong TW, Hua F. A hospital-based case-control study of non-hodgkin
lymphoid neoplasms in shanghai: Analysis of environmental and occupational risk factors
by subtypes of the who classification. Chemico-biological interactions. 2010;184:129-146

Wu P.-L., Dai B.-T., Yu Z.-H., Yu J., Xian Y., Su Y.-C. Dependablity investigation of the risk
factors of childhood leukaemia. Chinese Journal of Evidence-Based Medicine (2010) 10:9
(1037-1040).

Wu T, Bhanegaonkar AJ, Flowers JW. Blood concentrations of selected volatile organic
compounds and neurobehavioral performance in a population-based sample. Arch Environ
Occup Health. 2006;61:17-25

Xia Y, Han Y, Wu B, Wang S, Gu A, Lu N, Bo J, Song L, Jin N, Wang X. The relation
between urinary metabolite of pyrethroid insecticides and semen quality in humans. Fertility
and sterility. 2008;89:1743-1750

Xu JX, Hoshida Y, Yang WI, Inohara H, Kubo T, Kim GE, Yoon JH, Kojya S, Bandoh N,
Harabuchi Y, Tsutsumi K, Koizuka I, Jia XS, Kirihata M, Tsukuma H, Aozasa K. Life-style
and environmental factors in the development of nasal nk/t-cell lymphoma: A case-control
study in east asia. International journal of cancer. Journal international du cancer.
2007;120:406-410

Xu X, Dailey AB, Talbott EO, llacqua VA, Kearney G, Asal NR. Associations of serum
concentrations of organochlorine pesticides with breast cancer and prostate cancer in u.S.
Adults. Environ Health Perspect. 2010;118:60-66

Xu X, Nembhard WN, Kan H, Kearney G, Zhang ZJ, Talbott EO. Urinary trichlorophenol
levels and increased risk of attention deficit hyperactivity disorder among us school-aged
children. Occupational and environmental medicine. 2011;68:557-561

EFSA supporting publication 2013:EN-497 155

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.

763



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

Yang JH, Lee YM, Bae SG, Jacobs DR, Jr., Lee DH. Associations between organochlorine
pesticides and vitamin d deficiency in the u.S. Population. PloS one. 2012;7:e30093

Yang Yang, Zeng Li-Xia, Yan Hong. Analysis of risk factors of birth defects in Shaanxi
Province. Journal of XI'an Jiaotong University (Medical Sciences) 2011; Vol. 32 No. 1

Yiin JH, Ruder AM, Stewart PA, Waters MA, Carreon T, Butler MA, Calvert GM, Davis-King
KE, Schulte PA, Mandel JS, Morton RF, Reding DJ, Rosenman KD. The upper midwest
health study: A case-control study of pesticide applicators and risk of glioma.
Environmental health: a global access science source. 2012;11:39

Yucra S, Gasco M, Rubio J, Gonzales GF. Semen quality in peruvian pesticide applicators:
Association between urinary organophosphate metabolites and semen parameters.
Environmental health: a global access science source. 2008;7:59

Yucra S, Rubio J, Gasco M, Gonzales C, Steenland K, Gonzales GF. Semen quality and
reproductive sex hormone levels in peruvian pesticide sprayers. International journal of
occupational and environmental health. 2006;12:355-361

Zakerinia M, Namdari M, Amirghofran S. The relationship between exposure to pesticides and
the occurrence of lymphoid neoplasm. Iranian Red Crescent medical journal. 2012;14:337-
344

Zarzour AH, Selim M, Abd-Elsayed AA, Hameed DA, Abdelaziz MA. Muscle invasive
bladder cancer in upper egypt: The shift in risk factors and tumor characteristics. BMC
cancer. 2008;8:250

Zhang Y, Zhu S, Gao Y, Wang XJ, Chen T, Yang Y, Wang GQ, Hu GH, Shi R, Jin P, Tian Y.
[a case-control study on correlation of pesticide exposure with childhood acute leukemia].
Zhonghua yu fang yi xue za zhi [Chinese journal of preventive medicine]. 2011;45:41-46

Zhu JL, Hjollund NH, Andersen AM, Olsen J. Occupational exposure to pesticides and
pregnancy outcomes in gardeners and farmers: A study within the danish national birth
cohort. Journal of occupational and environmental medicine / American College of
Occupational and Environmental Medicine. 2006;48:347-352

Zota AR, Aschengrau A, Rudel RA, Brody JG. Self-reported chemicals exposure, beliefs about
disease causation, and risk of breast cancer in the cape cod breast cancer and environment
study: A case-control study. Environmental health: a global access science source.
2010;9:40

Zschiedrich K, Konig IR, Bruggemann N, Kock N, Kasten M, Leenders KL, Kostic V,
Vieregge P, Ziegler A, Klein C, Lohmann K. Mdrl variants and risk of parkinson disease.
Association with pesticide exposure? Journal of neurology. 2009;256:115-120

EFSA supporting publication 2013:EN-497 156

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.

764



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

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

I?: 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 quality in Inuit and European populations’, a European project
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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3 1 : EMBASE )2 ONMEDLINE ORRET VT Y X A

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
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T—%
~N— R TRR A Limits ST
pesticid® OR "pesticide’ /exp OR ’~chemical pest
control’ /exp OR fungicid* OR ’fungicide’ /exp
OR herbicidk 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 pyrethroids OR
> pyrethroid’ /exp OR ’chlorinated
hydrocarbon’ /exp OR >agricultural
MEDLINE chemical’ /exp v R, ABH :2006~2012 28,729
pesticid* OR 'pesticide’ /exp OR ’chemical pest
control’ /exp OR fungicid* OR ’fungicide’ /exp
OR herbicidk OR “herbicide’ /exp OR insecticidk
OR ’insecticide’ /exp OR molluscacidk OR
molluscacide’ /exp OR molluscicidk OR
"molluscicide’ /exp OR rodenticidk OR
rodenticide’ /exp OR carbamat OR
" carbamate’ /exp OR pyrethroidsk OR
> pyrethroid’ /exp OR “chlorinated & bk, ZAB#H :2006~2012,
hydrocarbon’ /exp OR “agricultural  MEDLINE CHEFR S 417 SCHR 1T
EMBASE chemical’ /exp (AN 14, 530
8B H :2006~2012 4~ MEDLINE
TOXLINE Pesticide OR Pesticides CHERE S V72 SCRk I, 893
8B H :2006~2012 4~ MEDLINE
DART Pesticide OR Pesticides THERR S 7= SR, 34
OpenSigle Pesticide* PE#EEEHA - 2006 FF~2012 4~ 0
Yod i - 2006 42~2012 4F,
T BRBEERY:, AREA. B8R
BfEA) . ERREIEE B
ProQuest Pesticide* AND health SNTF ST, 1,713
it
45, 899
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6.2. SMEEEXR
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Too T RX—2AOMEEEHERF L DD, KO —BERHELNDILOERIRN LIz, FHEIZOWT
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D D2,7828 4 "D H B EHITL, 6544 A MABRER A7 J—=2 7 TRIN ST, ZORER, 1, 128
HOBIHASERD 5 B, L, I0MERREGRLTH Y, 2RV AT YT 4 v 7 L Ea—F 2 EA X T T
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7o, n=108) ; FREROEM (n=28) . BEOMHN TR IN TR (n=18) | FEE I REOMmE
AEIES BIZBET 2098 (n=11) | FET—X DR\ Ea— (n=11) | REFEICET 27— 037
W (n=8) , MRMER Tl KEOBURCE., ke fiEdE. MEARICHR I nizizd, BMos%E
THRE T D 2 LT TE R ol BSOS 2 b, RSB SN2V AT ~T 4
JLE2—DOSRY A N bOMERRIL, 7 —Z M O bl Shv, FiizlZin] S oL, Bl
TEDOZETRMFEY A MBS D, LAY V—=v 7 b7 — 2 OB, & D230 5803 kst
SNz, BRAOTAREBEE, RYVELE 7 ==L (PCB) /e EOZY R BIRN R noT2Z L Tho1z (X
2) . BRE LT, 602 OEBIOHMBINAL Ea—IlEHD 2 ENTE I, 2506020 HRMIE,
6, AT9DF2 23 HTIZxHE L TR Y . 7 —Z T — 2 XR—R L FET 5,
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7.2 ZET VAR Y TRLEFAEL-EE

Tl BINRRRARZ I AN—F DML RFHE S B EMAE LT, 207 —F X=X

WL Bl S BRI EOE RIS T e —F T 570
WEFELTWD, Foxld, B2 BE2230OFHEREENT T
DIEREIZ BT % 52
RIS L. 2006 4E2ND 2012 AEDORNCEIKIEL &
HLETRCTORELZOHEZTR L7 ey NORE~y BV TERLELDOTH D,

N1 7RERRR R L 2 < ORBRFEZE

LT (FAKOIS) , PREOFTHRLZVOIE, BRA (N=164) L/
# (N=84) Th b, FAIz T A~y THKIC

B3 : {BREBRDMIDI B,
=y

S NI x T TR e O LT

B Cancer outcomis

B {hild health

B Reproductive diseates

B Neurclogical diseases

B Endocrine diseases

B Respiratory diseases

B Meuropsychlatric diseases

B Diabetes (type | and 11}

B Cardiovascular dseases

= pdortality

B immunefAutoimmune diseases
B Allergic deaates

B Gastrointestinal diseases

B Symptoms and general health
B Gynecological diseates

B Skin drieaied

B pone diseases

B Hematological diseases
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R4 RNBLRAIMRECHEIN TR TCOFELREE T I — 25T v

A2 TR

EREE g
FED A 164
AN OERE 84
AEFH AR AR 64
R iR 61
PN 53 WP R 35
K RSP ) A 32
I i I AR 25
FEfh a5 R 15
PRI (178« 11 74Y) 22
AF Bt e 5 R 31
IR 5 15
R 11
g - H O ER 10
T LIV — PR R 8
THA b 9 AR 7
JER & A5 DR 5
i NEFR D R 4
B i 4
F O R 3
T M D 9% £ 3
FL N 1
R 1
HYEDORERE 1
PRI B 1

7.3. XBRLRDHFRORK

R L IR DAL 2006 F0vD 2012 FETIIHEINIZ LD TH D, MG DIIRED /A0 %
B E, lE 5 FEMTIREHEHMLTNDLZERNDND (K 4) , FESTES1T, B TERS
N4 HETOBEMEOH TIRRKOLDTHD Agricultural Health Study (AHS) DR % 72
DFERDINIR Y DEIGTHIET D22 & ThH D, EEE SO (n=42) 1%, EENTWDIFEDT%
ZHDTND, TOMO2EONFRIE, EERAERE - REFAE (NHANES) adi— ORI TH 5,

WFFEDIER S I TIE B RBF TS (N=222) & BEWTRFZE (5) ThH v, BIE~OEEIXETE (N=329) %
AL T, AFEDIRIT S (N=285) 137 A U B &S & LI-iECTh o7z (IX6) o SRR ST
B, N A ~—h—OWE, FRFARNEROEAN KL E0ho7 (KT) . K% (N=261) @
WFFEM HIERAFHEC [ oS,

JRHEIH C AR BEDBE SN TEB Y | Fkx REEDOERZ VR R TR TWD, 72, AFK
INTWDILERD D2 ) OFIG A BRME S (EU) RFEEEOIZ E A ETHEHAZER ST 3K
WEREY T TS Z b PHEND, T XD R, BIEORIIRE ORI, R EETO
MR 72 IR ORI EID D D THDH Z L ZFBIM L T D, Bz IE, DDTE ZDREH DA
RZ Y TREMRIL, MR LRDMIEDIZIFLI0%Z HHTWD,
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7.4 SATRT A4V I L Ea—bAZTF VRO RATYT 4 v 7 Lk Ea—

RPBEIEZBL T, VAT YT 4 v 7 b Ea—E AT F U T RALFEE L, & & LT, 20064ELL
BRI S22l DR D %M 72 L B a—RRE SNz, A L2 BEZ L TORNIRT, FLAL
DU E2—TIEPAMCEELLLRZELZFTHEL TEBY, W<ONPD L Ea—TIIREHRLEFE LR EL
OINCHMERBIHERH 5 L FRL T, ZRHD L Ea—L, ffix OffFE L & bic, B 5 e
7T a3 — T STV 5D,

F5: XLV L2 —CHRINEIV AT T A I L Ea—CAZTF YT ADY

A b
EENERTHEE  FE - 4GS - HRAF
i ZEME B SR AT A A 3 No Sutedja NA et al, 2009 Kamel F et
al, 2012
Malek et al, 2012
M 11
A DA 1 No Khanjani N et al, 2007
ANIEDIA 2 Yes Infante—Rivard C et al, 2007
Vinson F et al, 2011
N T 6 Yes 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 Turner MC et
al, 2011
ZHEPED A 1 Yes Cooper et al, 2008
AT IRAA 1 Yes Budnik LT et al, 2012
A 1 Yes Koureas M et al, 2012
HHREATEY 2 No Ismail AA et al, 2012
Li AA et al, 2012
IR—=F Y R 2 Yes Van der Mark M et al, 2012 Van Maele
Fabry G et al, 2012
FEFE M 1 No Shirangi A, 2011
BEHR S T O] 1 Yes Snijder CA et al, 2012
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8. BWHA

IR TIT164D IR DN EFIL S BEDORED A~D LA L, 2, 0002L EOERI D/ I HEBR L7z,
MOEBIZA LN LI, EBEOERDZHREITEL RELOTHY, T — X HA IR 72 M4
ZH2H LTS, 1641ED 5 BH36FEDO AR & 2k — MFETH Y o 130F1% =R — hNEERI*F
B ChoTe, =BT v ADOEHENZENTH% A ZEFIX RO bR TEB Y, X EHEICE W
TY =LA T ARPYRF U, Eio, 49D E 50D 5 6 30 (61%) 1XIE T A58 Th
bHAgricultural Health Study (AHS) MHDOHLDOTHY ., ZOHIME ak— B2z ET AL
RONATWD, ZIUTEERBETHY, Qi 2EEOTET V AD60%IEH—DOEM LA L
TWEHEWIEEEZRFHL TWD, DOV 71 T LI LIENEL . BIEEKIT24~82, 596
N (HFRAE301AN) Thotz, SIHIZ, BOWETIZEL BOANA A~ —H—IZHTHERPHE LN T
BO,EISTE N v 7 2 (JEM) ZHWTHEIL BT L7203 MO TH > 72, HFFEicdt
WY HHBFEE LTE, BT AP A AN NSNZ & FENHCHETHD Z L, ZEREICE
DWW ABER O REME (L ERE 2B TICEHBOMGRZBE L TV D72, #EERPA B 72
HARRMENR D D) KO AME BT VA LR ENFET NS, %< O CTHEEE SR R B & i
L TRV, SRR EIENFHE S iz,
HEINTESESERDAOHT T —% KEEDT ) —IZ%E LI R OB OE &HIHRS
OHAZFIH L L HIZRK6IIRT, T — X DAY L RIE SN TREN D=, 7 — % O
ME AETFVR) IZ—EBONAY T T N—TICONTDORFEN ST,

8.1. EMAFEY

8.1.1. HILE

ERTIX, 260D (KOO EIKIE T LA RO AR & OB Z A LT,
B 261 DAFGED O HIAMFIZAHS B OMETH Y | FERDBEHE L T b | B2 5 RIEFEOR AN
1T TW= Y L7z, DDEIZEET %20 DFFE (ID CAN_063, ID CAN_064) OAMERIEL BEAHFHA L T
BY. R OMRITT R TRE~DEISBEBELFHELZ D TH D, 9DRR 55D 5 H 1204
ZeiX, 6.1L0.20MICH DT X TOWROHREETHAMICARE CTH 72, MtMICHE G RN
HNIZDIXT OO TH Y | AHSZ RS TR TOMEDMBEITHEENLRETH T, £ 7 1%, [A
URIK7 7 AT A EHRERE LEMAEORREZE LD LD THDL, FEROKMBHIT, AETIE
<L HREDNNENEDTh o7, KBIX, FUXLRA LT F VL RAEZRLTEY, #FE TR
KOV TNY A ZCTHNEIT->TND, ZOAXTF U ATIE, HARETIERVFEAZIE (OR 1. 26,
95% CI 0.93, 1.71) 6, HEEOARE—MHE2H LTz, BIE~OMET<&E L AmmIiciEd
HURID A LT F U 2 A%, 20084 & 20074125 STV % (Merhi 2007, Van Maele—Fabry 2008) .
LHID A 2T F U 2 2035 ORI R ER S RMEE ML, BIEASOBEILETE L T TOEMEN A
EDORNCIE, B8V’ D LA BICHMEREENH D Z L 2R LW e, L, midgsEs b, £3<#E
THERCEMARELEOMD V27 RFICBET 2+ T — B REL TS Z L, IEBEOEHRSLAM
WD ERNPAARTH L Z L L WIAWVRADRH D Z L 2RO TND,
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8.1.2. R"RYFU VU U NE

THOMENEIRIISBE LRI ) UNEE OFEZ A LTz, T X COMEITEREEZ VWX
<BEFMLTBY . WEOBHEIL Y T AER L, TRTOMIRIEH®AINE Tholz, DR
WY TANRHESNEZDN, BROBHROH DHAIXTE R0 o=, T5OMEBISHTD 5 H 120557 A3
FHICAEBETH Y TRTODICBWTHREITS. 40050 4DFH TH - 7=, Fexld, IkkoOV 7
WA R oAgricultural Health Study (AHS) M DHEFRL T, T HFLGREALZTF Y R
kBT, TORRIETHFEICAE TR, SR THE SNBSS T ANER D 2 LIZEKT
DAREMED B D m WA —MEEZ A LTz (X9) .

8.1.3. ZDDY &

RYX Y RSN D Y LRI OWTIR, EFRICSERRER AU OB THEIF SN TE Y |
Z D9 BT HEHA (Agricultural Health Study : AHS) 75 D& T, 2:1FBC (7 VU T 4
yaan e TN BMETO S EE 2R — MM S ORETH o2, HIETIEY LoER Y v
RIEFEPEREWERE (ID CAN_047, ID CAN_049, ID CAN_074) DJR#HLI/LEFRMNMA v, MOMFIE TIrXiEh
PEY R, OVE AR Y oS OCRAPETHERR U > ~fE0 X 0 BRI E RN THE S, 21
HOWETIE, BEFLSBLEIER VXU UANFEOIBIAWER E OMOEREPRE SN, 2D
DORFFED 5 H5E AT & (ID CAN_063, ID CAN_064, ID CAN_067, ID CAN_118, ID CAN_121) T®H» Y .
TRIFIEL BDOAA F~—T— & OREE A T4 L7~ (ID CAN_056, ID CAN_057, ID CAN_064, ID CAN_065,
ID CAN_067, ID CAN_060, ID CAN_052) , L L., ZHLBEOSHITT X CHMIER REKICET L
DTHY, HEZRTHETZ 2T ET VARV EE, AERBERENMGONTZOXDT N TH -2 (2
35 BIOGH DS 6 [OFHT) o AHSTIX, 7 FNVBEOEH LI ERTF U N EE DRICKE 72
BERDREENEBLEZENT (RR 2.94, 95% 1.49-5.96, p=0. 002 ; @mIE< B LIETL B L OMICHE
PHRENEE SN o LovL, R CHEYOASIZI0EEO R/ 2 B2 HEL TV, fRITEK
DORBRDTZO DN METHDH T L2V IKL TS,

8.1.4. ZXZRMEEHEE

Fro, IMEOWIE T, B3 L ZRMEHIE, BRI REGEIE R CBRAP DR v — Mg 7
17 Y USE E OBENHE SN, 2D OMRIESERICERE THY | EENLREITIREIN
2ol BIRAINC, WL OMDSHTITIRERINCHEE TH o720, TN HIXEIT T T o A DSEFT REAT
%% (ID CAN_049) B0 (D TH Y | MATOEBDOSZHTHBTHOITIY | FERITASA T AR 000 07
W, AHSIZETZ, ~L A MU > T v RY > W RRFE/ ZHfbRFEOREY, 7 rLrZa=LL&D
MOEERBEELZRE L THDED, LMoo TICEENTEY, HERMBRALETH
Do B DHFRTIE, BB AEGERE (ID CAN_070) 1Z%f L C7.3& 9 EF ICHE WA B 2D B H
HEENTOEN, FEOENEL | HEBOFENIEFICRON TR Y | [ CRBA O OBFIE TR R
DEIL SN TWARN- T2,

8.2. RIMARISA

ERTIE, 39EDIFZE (2601 D 534T) TRIKIZ BEOANLIRD AN KIETHENRES N, TD
IHLOUHIFAREROENTHY , ZORMEETMT 272D DO HERICEHT 27 =2 3F L A Ll
SR TWiehotz (ID CAN_107) , F£72, ZHDH3MFEOIIED H H25FIXAHSE % %t 5 & L7=#F%E T
B, W ODNDRERNEE LT, fHlxIE, 22o08F% (ID CAN_022, ID CAN_106) Tik. EIT
SEBEERNIRN AL ORIEIZR T 2B FAR L OMAFERPNHE I TV, ZiLH OAHSHIZE TIE,
RIIKBEOERDFRIZF U Th o7, IRIFTIFZEALEESTHY, L LHDETIUX, TANY
by ZRVT U AR T aVe ETIEIAERYIRNPEED Hivio, 50 OAHSHFIE TIX, FFE D REIEH
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OREZFE L7228, WTIHoOBREEFINIRS AL ORICHHFIICH B ZRBEITRD b ol
B, TTFNVEEA~OIEL FEERNIIRD A E OMIZITTHVERREENRBO LN, EOVOZET A
B CEORWE AR E NS/ LN L DO TH H AT E A EOWFSE (ID CAN_103, ID CAN_101,
ID CAN_100, ID CAN_ 094, ID CAN_ 143, ID CAN_142) TliI, AHEZORELFE LN, 1L A ERN
IR CHE TR WERTH -7z, 20EOMF7E (ID CAN_099, 1D CAN_095) T, fEEIE< #E LA
BRI ANCEE L7z @m < ARICHM U7 A7 DR ENTZR, WTNOFRELENMELS . X< EDOESR
DIEFINTIR S | FERITEE 2RO LI TH VD | @EEIC L S AL 7 KRB Z2 g a X A8 (AHS7e &) T
WMESINZLOEEF—H LR, FETRXL, F<EREOZ VWM CITh - I OER N — R DJE
m%%%%(mcmgw)fw\QM%%wm@i<%&ﬁi%hm)27&@W THRVBENFE O &
Nz, ZOMETIHIEL BOGCEBREZ R T ET AFBE I N hoTz, LD L BEIIE
IR L 7= RIS IR A A Y A2 BT RIZE A EDZ T U A THEEEORBICEGE L THY | 5

THAETIERWIWEENRINTWDS, BE~OBEIXELANIRBAICET LA X T Y &
Z (Maele—Fabry 2003) &% #E STV 5, 220 A5 - < A2 RHEEMIZL. 13 (95%CI 1. 04
~1.22) THY ., IR TR0 ORE—MNH 72, EHIT, LEa—SNEZEICiE, BRo PR
EMOFRZER, BREEM, AR ENER L XHT 5720013 BICET 2 EHE CENFERS A5
T o7z (Maele-Fabry 2003) , &k & LT, EIIXHEEANIRNA L OBEEAXFFT 5T R
EXATAN

8.3. MinsA

S0EDWFZE 4D T 21T > T D . BT FEE MDA L OBE#E AT X TWNDH A, T E TIOH
RINTZAZT TV RAFMERENR D o7, 22 TH, AR INTZ30HOHED 5 H234:, 45(F: D4y
ﬁ@j%%##ﬂ%)ﬁﬁjﬂﬁwA%@%@%Q MWD 5B, HEHICE B ENBIE SN0
FHEDHBTH -T2, 3OO T, IX<EBL L TOREEDE #r<<mcmom ID CAN_082, 1D
%N%@\lomﬁ%fﬁﬂ@@ﬁ§®k%%ﬁﬁb(mcm&&) 7 D OWFFE TIIA BRI R Rk ®
FNCHEAZ BV TR A R BEIREZRE L CWe, BRAODT TV —RNEEETHD Z &, UL L0
2 CRIC AR — MERT (AHS) ZAV IR LA L TWA Z b, ERUAKAITITE R o1, HE
FTAREL, WEHMREOKE LR A L OEIL, KX e RE (3.78 (1.55, 6.90) ;HEAHY vs
HHR L) THEICEE TH o120, Z OFFEIIMHEXIIN/ NABETH 0 | KN T- OFRE R S -
®BAMETHY , RRIITEITHEE Th o7z, 20FEOEF AFSE (ID CAN_082, ID CAN_082) Tii,
A DOREEIZ LS BIC L DM A Y 27 O2UELL OIS STV DA, il 2 DIz SN T
FAE SN TRV, BIOREBIRI AT (ID CAN_080) Tik, EHEIE BLEMMNAX TR L OO D
DEEEFBT L LIXTERhoTz, 2K E LT, BEEISELMPAICET I TV XZRES
ATHEY, M Tunin,

/NS A
8.4.1. /NEDHEMBHEY

2RE LT, BIIT<EICEE L ONEOEMSIAY 2 HE L2170 (R OMEDOEK) 2
FE Sz, 1THOMRIZT X TOUNEAMFEZ G L LTEY . 20 )5 LARIZIItoE gAY b
GENTVT,

ARAMBIZET A ZNETOAXTF U AL, BEADFEFENIRSBEOR R E LIS
FEPL W, AZ7F U ACEEN, 20064ELIEICHER ST R TOZEDR T~ ORE CRIE
S, FIHFTRER TR TOZET VANRE SN Z & 2R Lz, FiE SNaseiE, B~ —
A DIERI X FEAFFEESCALE (Etude sur les cancers de l'enfant) (ID CAN_073) &Northern Region
Young Persons' Malignant Disease Registry (ID CAN_120) D2 DDWFZE4H RUNT., —fRA9IZ/ NERZ2
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HLOThHolz, ZNHDMEDOFERIT, o TP A XIRKEWVIZ 23030 53, Fi# S LG O %
WD (BEHEERE) 720, MEICHRIN D& Th b, SRIEEhE a2t 64tk R0
INTRERZHE L TWD, T XTOMIEITEFIR AL TH Y . REHIIERNIISELHEL TH

0. EXSEICETAMIIXEE A E RSN, 1T & A LD TIE, BIEFE I REIED Y
T N—7 (FhA BREAL FEAD O E IR BEEIM L QW IO/ TIIERED
IR A EROINELZ A TEH Y (ID CAN_031, ID CAN_032) . 1->D#F%E (ID CAN_032) TiIA
AF~—T— L L ZFHl L T e, REOMAEECEHABIEICET 27 — 2R3 A &<, 1
ENEDIIZETIE, MR EMRDEID [SFETIHERA LI ER’H L0700 EHLEZZER3® D
DRV DB ERE LT D, NEOEMZF AL D U A7 K FHNEE A ERENL ST TR0,
A& T OFMIIXRETH D23, 1ZTE A LD TIE, D72 & bikx ptha N ORE 7R & ORHE
OEEZREZZITHEL T D, 1FE AT RXTOMFETIE, BIRIEL T2 IR, SR, /NS
T TR L TV 5, FERICEMELS  HETORBRPRERTH S T MO TIX, X To
E< BHIMATIE L, o2k (ID CAN_073, ID CAN_044) Ti&. MHEERT L EEMAZ 5B THEL T
W5,

WFZEID CAN_O40(XCIN A L TWic o RS S 4, WFFEID CAN_030 (I Northern California
Childhood Leukemia Study®7 —& NEHM L T\ 7728 (ID CAN_031 L EM) | WFIEID CAN_0371XAfF
TR ChoT272 (XU EBEOR) | 3IDOMENRERSH ORI SN, EHROER
IRt A Z IR (X< BoRRE) Lo,

8.4.1. 1 EIRHIDIT &

T OBFZE IR O 23IE < BB 2 MBS Sz, 861 LD/ HT CHEEHIC A B 7ok
RNEFELNTZDIEFMTH Y, TR TOMRETREAMPFEZ IR E LIEFHRTH o2, RROYRHMEE
1. EOBE:N— 2 DOEFKFEFFEESCALE (Etude sur les cancers de l'enfant) 7GR X1 T
WD, ARBFZETIE. GEREIOR AT/ A B s & A EICBE L (OR = 2.1 95%CI, 1.7-
2.5) . REOEFETOZBAERLEMEAMBEEBEL (R = 1.5;95%CI, 1.2-1.8) | /=, K7
DOEFEFETORBFIF A b2 AmE & BEE L7~ (R = 1.5 ; 95%CI, 1.2-1.8) ., RO —#HD EEMN
MExEIToT, £T | ERXREEOP TRROYV TNV A X&FF oo 28R L, fREHE L
(¥ 10) o Z o4, SAFETIT< @&RHE (REOTE L BT TR "RV | RN
XoDENHoTolcd, RERARL M (12>80%) & BHE L TWe, I0DFKY DA X T F U 2 A%,
MEEHEEENEAIMFE ) (BT 2LRNCREINTZ A X T F Y A (Turner 2010) & fEH%FHFn
SHEHLEDIT, HELIERED Y T AHESWEHE EZITR-REEZ R L TN D, FTxld, ZOFRMKH L
Vo — CTHERIN A BRI R OEIEIZET 5T X TOMELE EBICHE L, Tk, (EFEIESEE
FEAl L 72AFFE D A2 2T L CL LIRS E SN A X T U U 2288 Lz, 2EMIC, K RITZER <
HEEOARY AR L TEY, ZIIREIICBEOER, FEBOER. 1L BERERIROER L12X
LOXNRHHIEITEHNLTNDEEEZLND, LU, AXTF U T ATIL, FFEIN T ZaU K
K OB BAH A~ FEICEHEL/NEAMFEO Y X7 0—B L7cHina R L7e (FEKIOR=1.69; 96%
CI=1.35, 2.11) , Fx DEHFHINIZAZ T TV AT, 2010FICREINIZAZT TV AL il
LT, KORSFRIRFER L R o To iy, IR D RIEA~DIX< & &/NRAMmE & OBEIIKAR L LT
FINTWd, LL, TORAZT TV AT T ZADERH -7 2 & WFFEOBIBL S —i
BTSN Z & B BITEAE IR TWRGEE SN TRV HEREMBE CTHE SN TS Z &7
ENG, T UV ATEBEICIRT A MER DD, 77 R Tmy MEL MBI A i & LT
X 225 BtE 2R L s, (ERAZ BRI A~OHARNIE B2 O T Z L ICARBEEDOAY ¥ |
MWHDNE I DEMERT D720, WMEDIXS BEOHEN 2L I~ — T —% AW To KBEFE 5
DELRDIET UV ARMETHD,
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8.4.1.2. HEUER(
AODOMIE TR, X< BOEF & U CHIRRTZFH4 L7225 (ID CAN_032, ID CAN_043, ID CAN_073,
ID CAN_120) . WL bR ICH B2 ROHRE Tl o7z,

8.4.1.3. /NE#A

INEIAOIE L BT D15 A H T 2 THEOMFTE 23 eR8 S 4u7- (ID CAN_031, ID CAN_032, ID CAN_035,
ID CAN_036, ID CAN_041, ID CAN_043, ID CAN_133) . IfFo#f7ETix, BEFAH STV ARV R
ANT 7 A LT, FOWFRITIEF IEMELS . 2R EOFEII I ThN 2oz, ZiH O
TWDAZTF VA& FORIUIRT, 2003 R HRINTED | A) FWEEORKYT 7L
A ZDLHTITIES N T20064F LARRIZ[FIE SN 7-F7E ((EE O RE) IOV Toatre . B) /NEH R
ANRAMFICE T D ERIEBIZETD2010EDA X TF U AZONWTOEFHTH D, HHPDHE
HICET DA X T TV U ATIEHREEDORE RN HoT=DITKk L, BTSN AZTF U AT,
FRIE< B LB RAI/FFEINTWRWEIEOLIIRBEINTEY | fERICRE IR ootz
FHEINTZAZTF IV AOFERIZ, TOAXT TV VALY HETFHTH LB, T TH20104E(C
WE SN EHEEMIIEF ITEVWS D Th o7 (KM14) . 77 37 my F T, BRICHR O
KENR B D Z EDBRENTWD, RIRANTIE, NREIORIET <& &/ A & oI %
RTNWSDDPOZET U ARSHM, ZHUIITEIRMOIE<E LD 55< ., fEFE L Liofimza 3729
[ZIE, EOUNCHE SN KRB EaR— 0D XV EL DT ET U ARKETH D,

8.4.2. V&

H i LA O/NR O EMERFT AT 2 =7 VRIS O IRNLHE LN TNDIDHATHY , &
DOHFITIZIER T X Y R EE RV F ) U ANEICET 202 G0 oohn#fiE S Tng
(ID: CAN_073, ID: CAN_120, ID: CAN_ 133) , T _TONHIIMEICHEE TIx/e <. ZhRHEEM S
FTNEDThoT,

8.4.3. ZTDHMD/NENA

Z DD /N AN BT D BFE R THERE S 4v7z, AEOMFSE TIEMIEE; (ID CAN_006, ID CAN_O11,
ID CAN_089, ID CAN_133) . 1{F-oo/NRAEFEMACMEE (ID CAN_114) | 2{FOHFTE TIdkk &~ 72/ RN A
(ID CAN_120, ID CAN_133) MF&E S N7z, AEREENBIRE S NTZDIIMWIELZ DA Th 7228, Zh
SIFZL OO L —FOY 7y MIBE#H L TRBY | BEETIIFEHRZSEL Z LIXTE 0,

8.5. KB A

BRTIE, 260F DO TR T & RIBDNA & OBIEMED 207 oo CHRE Shiz, KGN A
EEIGEDBAITONTIR, ENE 24 & LHEORFZE THl 2 DA Toilz, IEFICEZ DT v~
ADBMSHFEN HH LTV D, 2 OFFFETIX, S0FEEH D EHEE V7= KB AT 52070541 D
I BHIMDIHTT, b 3 DORBRIFRLTXTLOMEENHESNLTRBY . ZEABROFE
FHTORTVRY, ZHB194D 5D 9 b BB ER L HFHNICABICEE L7207 >0 01
DHTHST2 (IR V N TATZHNVT hXH T2y RXUT o AX T DT ET AN
QU S-=F L (BPIC) , A ~BH I, T4/ T4 A) BN, BEEHERNSE WD, RICITEER
DU TH D5, QTOMEDREREINTHDIZHL 20D LT, 2IERMNIIXT>ORR ZEMM O ET
VALDELITORY, ZOFEEEZ, KBEDAICEEL TINAL OO ZNZEILToHN Sz i
72D BEIROHP & L HIZ, FEROBROD D EEN LS EAIRRICT 2 b O TIEARV, £8iX, #EO
MBI DI oD AR — ENOLOEET — X DORNKROREEZRLTEY, #ERO—BMENREHTHD
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ZLERLTWDS, KIGHAEEIEIISBIZETIINETOA X T U & TR STV,
BRI, BEEKRBNRAICET 22T AFIEFICR LN TR Y BUEOSTERORIE TIX, B L
KGN Ao DM 2 X5 L O TlERu,

8.6. RENA

ITHEOWFETIR, AT/ —~ L REISE L OFENHEI N, KEDOIEITARERRETRE
KRELIZbDThHoTe, 22T, A7/ —~ICHETH1ITHONED 5> HLIAHERASOFRERTH Y |
B L TIERRDZREONT T =R BOEENRR > TEY . WL ONOFRERPBREINTH
Too AHSD26D IR D 53HTD 5 5 8DITHMANIAHE TH Y . 7T CHRY (ID CAN_085) [ZHiIk
T5HDT, S0FEBEORIEE KEA T ) —~ & ORRISEBRPRE SN TWD, OB TIL, KA
7/ —~ &maneb/mancozeb (63HLL EDIX<FEHE:0R = 2.4;95%CI, 1.2-4.9; h L' Rp = 0. 006) .
parathion (56 HLL EDIX< FEHE : OR = 2.4 ; 95%CI, 1.3-4.4; b L > Kp = 0.003) K carbaryl
(F6HLAEDIE<FEHE :OR =1.7;95%CI, 1.1-2.5; hL > Kp=10.013) & DO OAE 72 B8 A3
HENTWD (165) , MOBFZETIE, b DB L CTHIMAZFHE TE 2 L) A WE L
TV, MHEOREFRFZE TlL, BN TOREIISEL AT ) —~ L OBICHEICAEERY X7
OHMA R I NI, R UM TITREIITORKIISFEIZIA T / —~< LIEBEL T\ eh o7 (106)
AHIEFR R ERIKIZET 2580 OFZETIE, MEHICEBRERMIZ LA CE LR VAR E R
BonTlY (~FHrrrXEr (HB) . vA Ly ZR) | ZROHOREEE AT ) —~v L OEE
BT ITET AT LILTARN,

8.7. ILBA

ERTIE, 20064FLARE O 1A ORFSE (5 BIHITER) DEIBIXBEEALA L OBREZRAE Lz,
KAE-OIFTE & SHTITAMIER RREKICESZ Y TTRBY, N A~v—h—GHrc L > TEHMiish T
%o FN A EDDTIEL BICET 5200 ED A X T F Y ANRFEE STV D (Khanjani 2007, Lopez—
Cervantes 2004) , KM, LIBIOAZTF Y VAT, ~T X 70 )LaiE, 7 nvx  Ribs
WE AN AL OMICAEBERBEBIIRINR Do 72, ZHUTOT 02O EICE S b DO TH o7,
vsauyZz=pvranzd Ly (DDE) EHANRAICETIVATYT 4 v 7 LEa—TRIESN
7egE (5RFE) OAXTF Vv ATY, BllART =T A RSN noTle, FaldEe, AR
MZBETHRIESNTZT R TOWMETAX T TV REFEE L, o 7Y A AR H RIS OEIFE
W DSIHT 2 EEERIR L7=, AFZEID CAN_019& ID CAN_0231%. A % FIREICT 5 0 it & (ZHEX M3
eI TR ool AN BRI Sz, F7o. WFFEID CAN_0221%, fR- TS Sz I3 E
ENTOVARWIEFICEWEEKBZHE L TV Sh-, ZZToRAICE. 2<0ER5
BROEFZRENAANA~—T— (DDE, Vo7 RFBORFER) OMENRVBEENTEY | RN
LV, A RITFHEICHEERALNA Y 27 O8N (1.07 (0.87~1.31) ) ZRLIAS, ZOfERE
ITEERMBRBMLETH D, AXT TV AT, EFICERLZ DT ) —DRIEELHLGDOETE
V. EIZIOOHFFE (ID CAN_022) BAEDHTWER, ZHUXMERMAREOR CHEICL BRI EE
P L7 b DT, AN A~ — T — %0 U CREIEEZ T L 72 OFF IR TERNMEN S DO TH D,
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8.8. MEREA

EERE < FBICBE U OB A2 TR L7 161 ORFZEARIE S 7223, I3 R 08 A B Z >
WCLARNZBIZR 7= & RIERICAHS D[R CEEMI D B DAFIE T o 72, 250 Ble 2 kRO 5 B AHS
BT DA EZENA~DOBET BICOWTRAICAERBERZ R LIZOIX DA TH 572, L
L, EEORBREIT > TN Do), MRITEEICHRT 2 LERZH Y | EECRESN =BT v
[ZEESNT Y, BT E] E RS A L OBEITRIE ST,

8.9. EhgasA

L0fF DRFZEDN R FEIE < BRICBIE L TR A Z A LS, 7 —ZIFAHSEBC (T VT 4 v aan
YETM) B ETHEE 2R — NMFEO2ODEMI D DI TH - 72, BONRA FTH@hiE = A — R
(ID CAN_129% TRID CAN_125) OfEHIL. WFnb v Z/oa 7z /) —AKkONF I /aa 7=z )
—NADOETLSBICET 2D TH T2, HEHOrOT 7 —F 3 E7x o Tz, AHSORERIZ
W BRI T ACETH LD TH 572, RIS, FEFHINA E 728 R I3 8 éhﬁ\%ﬁbtﬁl
DE MR LN TNDTZH (n=2) | L EOEBMIRFEAIZITE o7,

8.10. [BEMgDS A

EIIE < ERITBEE U TN DS A 2 AT U 72 WF8IR T, AHS & O I T4 Th o 7o, 9T O EEIRY)
ZEIIABIER R LGSR L LI b D Th oo, BN ZRIEGIR AR CIL, ~F ¥
gy (HCB) \ Z7aiTs rOofkORY By 7 2 =/L=—7 /L (PBDE) O i < ifE &
P U CRRERB Y ARE B CH EIZ B L Tz (ID CAN_090) . AHSTI, 46FEFH DT D 5 5|
Pendimethalin& S-Ethyl dipropylthiocarbamate (EPTC) ([Z2WTCTHERBEENHRE SN TS, X
T A4 ALY OEPEFEHED EALES OWUAE X, FEMHE & ik LT3, 0fF (95%CI 1.3-7.2, p b L
Y R5 0.01) @Y A7 %L, EPTCOAEEMHED BN -0 08 1L, FEEMRHE & ik L T2, 56(%
(95%CI 5 1.1-5.4, ph L2 F=0.01) OV R ZH LT\, AEEFERIEFNT, AHSIZI T 2 B
MDADOBFIY A7 LIIBH LT iehodz, ZHb ORI, BREFIDEN A & BHE L T\ 2 A
HETREBELTWAER, ZRHIETRTH—-OEMNLHBLNTZLOTHY, ZEREREZIT> TV
RN SHOMETRKET HLENRD D,

8.11. KENA

ERTIIS O E TRIEDS ADBTE SN, 2O R TITRE EEE~OFE L ®E SNz, %
RS T RTOMIENAA A= — LV EFHII L, AEIERRHDANCER L TBY, SEZFER
A G — B — Nl S, BEEAS A & ORIV AR LI L H o7, LU, pp DDE
DTN TITMELL EOTFTEDIEHRMAS v, EEIFRA TIEAE TIER VN R & E 72 R —MEn
REN (1K20) . B TIME SN2 A F~— T —DRE D72, EDEIKICHONT E ERR
AT Tb e hoTo, BN, ZZTHESNEZET U AIZESN T, BIIZKHELBENALL
OB A R 5 BT A TR0,

8.12. EH A

6{FDIFZE T, BEIEE L HNA L OBENHE SN, T X COMIITEE~OREEIE FE5F
BELZHLDOT, BEO 7 T RIZIET DT> T 2 OBFSEIRTN & T A ThHh o7, 73T
@ﬁ%f%yfw%4fi¢wﬁﬂ5ﬁﬁﬁ%oko%%K%?é&%@f&?%yyx(&mn
1998) & —EH 92 X oz, WFtiE AR+ FIZABETRWERZ2WE LTz, United Farm Workers
omewawW)ﬂT_F Téﬁ#h@ﬂT ~ NJEFIRRBEFFE (ID CAN_028) Tix., A&7
HRRESNT, 7= FUFBBRERR, 47 nn 7 = ) X UFEE (2,4-D) Off RSSO T
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B ZLix, BAEEEL TV (OR 1.85 ; 95%CI 1.05-3.25) , AHHEFERELAIZ LT oD
fER S Z OB LEEEHE LTz (OR 2.96 ; 95%CT 1.48-5.94) , HAAIL, ZL=FI7 o L O
fEA & B9 LT (OR 2.86 ;5 95%CT 1.56-5.23) , IZb 06T, sHMEiAAERETFHRE D TH-
o128, T ORFZEITERIER & PRI R D72 2 b L ZEBE KR ONE L BORESHEIC X - THIR
INTWD, AHSTIE, 16BIDIX BHNZEDSNT, BRALU A7 TR ATFLVOMEHEOEME &b
(CHEFNZHEM L7 (RR = 3.13 ; 95%CI, FEMIH & bl U CEdE S C¢131.25-7.80 ; hL> Rop =
0.02) , L2L, ZOMETIIMOT R TORADT T XA THREALA T NAAER & BEHE L T iz,
IV ZEBEDORBENH 2 (ID CAN_147) g KOV TN A ZTHZRIR LT A ZTF U A
FE2HIREN TSR, FERIIEEICHET 2LERH D, FHEHICAERRAE SN RE R
BEIZHPDLT, ZORRIT, FINES TERFBE SN TWRW2O2DILEM TH L~ Frun T x )
— e BAEATF N ZHAE L TWD2 00858 (ID CAN_125, ID CAN_147) DN K E VY,

8.13. JFhiga2s A

SEEORFFE (LMEEOEBI DT &2 ETe) & UFDOFERFEROTF T, BT BT &S A L OREEN
PFE SN, I OKRBTITAERERREE~OIEBEENL L LTEY, T XTOMNRITEE~D
MREEIX< BA R E LT\, DDTICRET 2 AfFZE (ID : CAN_076 % TMD : CAN_079) TiL, FAA LD
At C A B2 BEES RS SR, B oo CIEFEINICEE CTide o7, T H2oDOH5EN
FFIE S ANCBE T 2 A X T U 2O KRESEEHEDTEY . B SHEERIIHEFANICAETHY .,
FITDDTIFFEIZ G STV D,

8. 14. HFREB VW BAY T I N—7

FOIIREINTND X T, ZEONBAMIONWTIE, ENRAT T I N—T DT v A& AN
WrC& DMFRIZEFICRONTND, XDV AT~T 4 v/ LE2—TiE, BEICEESINZZE
7 A (20064F-LART) & DHERAZ FIREICT 272012, ZNHONRAY 7 XA FICET 2 EITRE I
T-AXTF VU RAEMR LIz o1, R, ZHHDORAYT XA FIZBET DR T2/
&<, MBI BORIZET 2DEOHI & RO TREHICA B TR o T2, BHFZEN O SHIEDN
LN L EEZXDLHE, INOORBRITEEICHNT HILERHY , OO T7 —XITHESNT, BT
KBEINOLONRAT T E2A T L OMOBEELZRET 5T BT AR,

Eo, BRICEEL TIXTONRA (BAENPAE) W& L2 8b o7, NAITIERFIC
HEREBHETHY, TRXTOBAY T XA T EHERICHET D & BEIZNA T AR5 AletE
DD, BETIEH, TTRTORA] 23R E L2300 ARE SHR, 0 9 H28D4HTIEFR U
ak— bk (AHS) ZX e L bDTHY | ERESIHITHAT DI LT TE oz, 3MFED I bt
FHICH BERERVE ONTOIFMFEDOH T, BORWEISE L BE L T o7z, BLEE CII MR fE
L720N,
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F6:BATTITN—7Z LIZEE SN REXNRIEDEK

AETF Y AR PIETIDOAZTFY R

S FRET A 88 Yes Yes
ANZRR DS A 39 No Yes
Aifis A 30 Yes No
TRTORA 30 No No
IR A 45 Yes Yes
KIS A 26 No No
RJE N A 17 Yes No
JEE I 3 A 16 Yes No
A 14 Yes Yes
Bl A 10 No No
RS A 7 No No
TR A 8 No No
A - FPE - IHBED N A 5 No No
ERAYY 6 No No
Sl 23 A 5 No No
Jiliginier 6 No No
BB 5 No No
BIED A 5 No No
MEFEAS A 3 No No
JIH3E A3 A 2 No No
KA 2 No No
L MEAE TR R A 2 No No
Z D1, 9 No No
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HT: . F—BEE/SRLAMKEYAZ DE: YZ7uud 7z ZnucFL
V) IZOWTOFEREZHE L2 AENRRBR A OB R

Study #B# HEFr TR HuFomElE (BB N OR  95% |95% |Level of
1D H LCI |UCI |Adjustment
DDE

CAN_064 2010 | p,p -DDE INA Fre—T— B Y 3 A I 2100 0.78 0.28 2.21 +++
CAN_063 12010 | p,p —DDE ' RAHE PBPEY o WE S 148 0.62 0.29 1.3 ++
CAN_056 | 2008 | p,p -DDE NS Fw—T— 8 2 ME A IE 71 1. 0.4 2.5+
Insecticides

CAN_072 2006 | Insecticides | 'EERHHK F T O [ LI 1304 1 0.7 1.4+
CAN_049 12009 Insecticides | 'EfRIHE P8R U S A 37 0.8 0.3 2.1+
CAN_024 2010 | Insecticides | 'EER9f% Fotle =gk = I 158 1.52 0.16 2.04 +++
Herbicides

CAN_072 2006 |Herbicides S ER R S2Y=Hiik] 1260 1.4 0.8 2.3 ++
CAN_049 2009 Herbicides B AR =AY =Nk ] 39 0.5 0.2 1.3+
CAN_024 2010 |Herbicides s A R A i 45 1.83 0.99) 3.38 +++
CAN_058 2008 |Herbicides G B Y o IR 523 1.15 0.76 1.74 ++

F8: KEMNA (DDVP:2,2-UZuubt=ALJAF VY VEE) CBE L CEERT
SBEDR UAA A~—T— %23l Uiz B EEEFA (Agricultural Health
Study : AHS) 6 [EIE XN T=HFZEDHil

Highest tertile

DA/2R =20 =2 3 of exposure Vs
CAN_122  /DDVP KIGBS A no 202 1.48  0.78 2.8 +
T/ uuR R
CAN_024  /DDVP KA A | Ever vs. never 56813 1.5 0.9 2.4 ++
CAN_024 7% /) 7+ A KM A | Ever vs. never 56813 1.5 1 2.2 ++

Highest tertile

of exposure vs
CAN_119 Tx /)T FA KGN A | no 126 1. 66 0.92 3.03 ++
CAN_024 ~T7F A ENE2 A Ever vs. never 56813 0.8 0.6 1.1 ++

Highest tertile
of exposure vs

CAN_121  ~7FH v EL A3 A no 58 0.84 0.48 1.48 ++
CAN_118 | h*¥H# 7=  EIED A Yes vs. no 75 2 1.1 3.5 +++
CAN_024 | h*xH 7= EMO A Ever vs. never 56813 2.1 1.2 3.6 ++
EFSA B2 TR 2013 :EN-497 30

797



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

F9: BRIIKBORS F~—T—LRBEBPAIZONT, 1 2ONA F~—H—IZ
D% 2 U EOHREEZIToT-F% DIE: YPZ7uudr7z= P uuxF L
v, HB: ~"FH 7o)

ZE D 95% 95%

Study 1D 2%l PRHEER gL~ SFk #EE  LCT UCT
CAN_111 T 4V KU high tertile
CAN_115 7 4/ RU OR high tertile vs low 60 2.1 0.5 9.5 +
CAN_113 | HCB OR yes/no 57 4.4 1.7 12+
%115 HCB OR high tertile vs low 70 2.9 0.5 15.2 1+
CAN_111 ~7 % 7w/l OR high tertile vs low 407 0.67 0.35 1.29 ++
ANE¥ TR
CAN_115 ~7 X7 m/b OR high tertile vs low 68 2.4 0.6 9.1 +
AR
CAN_111 XV w7 A OR high tertile vs low 557 0. 87 0.5 1.53 ++
CAN_112 XL w7 A RR high tertile vs low 1333 0. 24 0.9 1. 74 +++
%115 S/ A OR high tertile vs low 66 1.2 0.4 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|+t
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 ves/no 4 1.3 05 375
CAN_115 p,p -DDE OR high tertile vs low 65 2.2 0.7 6.5 +
CAN_116  p,p -DDE Mean difference unit increase 60 -15.29 n/a n/a n/a
%117 p, p —DDE OR high tertile vs low 98 3.21 0.77 13.3 +
CAN_111 AFT 7 m/L7 OR high tertile vs low 538 0.93 0.5 1.73 ++
b
CAN_112 AFvZ7wv/Ls RR high tertile vs low 841 1. 27 0.92 1.76  +++
b
CAN_115 A= 7 m/,L7 OR high tertile vs low 68 3.2 0.6 16.8 +
b
CAN_111 #®7wuis OR high tertile vs low 562 0.93 0.51 1.68 ++
CAN 112 &7 wva)7 RR high tertile vs low 842 1.51 1.09 2.1 +++
CAN 113 | Z a)LF ®OF1 OR yes/no 49 1.9 0.7 5 +
%115 éz = A OR high tertile vs low 70 2.3 0.6 7.2+
CAN_111 ;? U A-/F 0R high tertile vs low 564 0.89 0. 49 1.61 ++
=y
CAN_112 ;5 VA-/7F RR high tertile vs low 875 1.46 1.07 2 +++
=y
CAN_115 oo Zx-77F OR high tertile vs low 62 2.6 0.7 8.9 +
=917
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CAN_039 Peshiades
CAN {42 Imecticules
Study CAN 4% Pesticides
CAN 058 EI.-.hmplumI
CAN_ 072 Fungicudes
1] O % 1) CAN_ 062 Imzecticides
[
'
CaN 18 i ~ } 280 (130, 6.02)
i
P
CAN_ M2 ——— 152115, 200
i
'
CAN_ (M3 - : 0:90/(0.40, 2.01)
¥
P
i
CAN_5A8 —tr—r {66 [0.58, 1.31)
'
'
]
CAN_OT2 —iet 1.00 (0.73, 1.36)
;
P
CAN_O62 : . 1.6 (076, 4.08)
v
[
COweral (-squaned « 28 4%, p = 0.031) <© 1346 (003, 1 1)
I
'
i
¥
NOTE: Wieghis ara froim resndom affects onakysis '
'
:
| | I

5 1 52

X8 : BRI BELHMRE DBED T VX LAMBEAZTF IR
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CAN_ {45 Phenaxyherbucnles
St CAN_ (46 Dachilorprop
CAN (4% Domedy srecticsle

CAN_050 Pesticnle

i O [25% CI CAN 053 DEET

! CAN 072 Fungscades

CAN 074 Pestcades for crops

"
i

CAN_DLS —r—t 054 {66, 1.3
;

CAN_DIS ! + £.35 {156, 25 B8]
}

CAN_DH | —— 2.00 {1 56,5.33)
;
i

CAN_ 0% —— 104 {041, 265)
}

CAN_G3 - 004 0 ED, 0 51)
i

CAN_O72 —— i 06D 0,33, 1.1
i
i

CAN_O74 ———— 230 (1.04, 4 67)

Oversl (1squared = B1.0%, p = 0 000) {:> 129 {01, 2108)
[
!

MOTE Wasghls ane hom mndam oflecs andlas :

T “TT

5 1 152

B9 : BRIIKBELAVX VI U NELOBEEDT VFLHMRAZT TV VR
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CAN 035 Home msecticades
CAN 038 Pestirades
Study CAN (43 Prticades
CAN 044 Lrect repellents
CAN_ 073 Pesticades
i OR (5% CI) CAM 032 Benrimsdharokes
|
I
CAN_D3: i — 18O (118, 2.75)
i
1
Ll
CAN_038 1 —— 218 (185, 257)
i
)
CAN_D43 ——Q—:— 1,30 (0B, 1 .07)
L]
i
L]
CAN_44 =t i 068 (D62, 1.35)
:
CAN_DTI | —— 2,30 (1 BY, 2.84)
i
i
CAN_032 el 2 70 00 8, 5.02)
L
Cwvarall (-squared = 81 2%, p = 0.000 <> 167 [1.25, 2.23)
i
i
L]
ROTE Waights are b random sllect analyus i
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9. /NEDORERE

BIRTIL 84 {FOEBIFFZEA BEIX < BO/NE~OREFEFBELZFIE L (Vo 7 W X Jefl : 267,
IQR 119-811) | T—Z T — % X—ZTliL 821 O Wr2frbiiz, 120 LLEOEHR )N
Pl S AL TR Y . ZOREFIIEREATE & HENEZ BN ENICRE SR WIEAE/RT XA —H |2
EREY TS (£ 10) . toOFBIZAOND L2, EKBEOEREOSHEEICIIEZAES LD
BHY ., T— AR MEE 52 Tnd, 84 D95 38 o HMRFIAIE 28— MFETH Y
i 5 ik R— FPIEFIXRIFE CTh o 72, =BT o ZADOKEG L% A I & FE BT Hk L
TEY, ZNHEF<CEENEICENTY I —A A TABRLND T, REINTZorickiT 54
I A XTI U LIS < 23~183, 313N (267 N) THY . ZOFEROFEKDOBFIEIL, 2
AT BFCRME S NI K OFE L D b/h &, 2 T, BR¥EEFRFAE (Agricultural Health Study :
AHS) DX 57, ZOHNBHORBUETE S HMBNTMFRICHKT 2Z2HOMED E & F - TUIBEIn
PR TeN, 261E DR NIEEEIE BA R L Tz, &I, IZKBOAS A~ — I —ICBET B IER
EHTHIEDOHFLEIL, 22T LV E0 o7 (0=49, 58%) 75, 3ODAFFRIXIEMIC L 2 HEIE< B4
P L7z, AE LR R0 T7 T =BT 2%, 07 ) —ICHE LI & & BEH S
DOWEE L HITK 10 [TRT (R 1D . 7T —FORE ML FE S NN D ieholcizd, 7
— X ORI S (A X TV T R) (XRERD AT D 2% G E NG L 7=,

9.1. RERE

TERRIA O B RRIE < 7 & ORRVE & OB & F5 L 72BFZRIE 16 B0, YTt o g Elx
193 {4 (IQR 87-469) T, 7 —HX—X|ZiX 54 HFOENRHH STV, L EOWFERE A
& T, 457D EOWFFRTIFINA A~ —T—% AT BT STV e, 4 O RIKOFEM
XA T, DDTIRE O FEMI A X 0 I T Tne B0 r%E) . Zhic b b b9, [T
HeHAL 2 L7 4 fRLL EOBFZE Tk, B— BRI L BES 51 A~ — 7 — ORI b T,
E BN IIAT DR o Te, HRROFTME L (ID CH 091) TiX, 7 ¥ OIRETFEE 2 55
L, RETEHEOREICHITLHREY A7 O (0R= 0.47; 95%CI= 0. 35-0. 65) ML S AL72D3,
ZHMECBT DY) A7 OBEINTHEFHCHE Cidlen -7z (0R= 1. 14, 95%CI= 0.57-2.31) , 7V OHF
ZE TR, EOBEAZ R THEERNG O N0, FRHINCAERERIT RN o7, 61T, BRI
WD A X T F V) RAIHER I NI D 2Tz, THDOT —HIZHSNT, BIEIIFELRALEOM
ICERARMICH BB A RE T A RED T BT A TR0,

9.2. BREOREFHIR

12DWFFE T, AR ORI 32 L BIROFEHIR KL O/ F 72 I3 Yt/ N & oo BsE 2 2F 4l L
THBY, b F v XOPRfiiz422 (IQR 178-1, 630) T, F— & ~_— A (213 440E DB D Heig 234
H ST, HHED60%IXRIM & T, 32O TIHEEIX BAFM L. 355 D200 EOWFFETIEAN
AF~—=H =N TUIBE LML TV D, 2 OEIEOFHMIZZLFELAL T, DDTREAM OFHmAS X
DB T CW s (o) . U b b F, R CHEREM Z#R L 4 L RO
ZETIE, H— DRI L BES 2 4 A~ — U —OFHIIIAT O T, ERRES IIATOI R0 > T, &
RORFSE (ID RPD 26) TlE, H A E 2R — MERGUT, SEKF DT § 7 2 U BIERBA Y/ (SGA)
K ORFEORBEOEMEBEEL TWEINE I DEFM L, FEELOREICLD L, HIEE 3 H1k
ORI OB KR D7 b Z 2 1%, SGA (Small for Gestational Age) DFREROAE ZREIM
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ERLEL TRV, MRS 3 WICHEKFOT F TPV 0.1 pe/l DL, SRR (0.1 ug/L
Aei) & B LT SGA DFEREERMN 17~19%HML7=, 720 OT X CTOMFIETIL, R EDFHMEC
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HNCA BB A2 RE T D RO BT v AE 720,

9.3. HERIE (HmatH)
B B L HE OB T LIEIRIIEE < 55,
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MAROKE & FRIZENZN13ME L 8HEOMIE TRl S 4L, 7 — ¥ X— X TIXT8H D ik 23T b
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~—A—OFHHATEN TE 6T, EENRRE I TOIL TR,
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IS EICEE LT\ D Z & v Sivie [IREELRE (SE) -2.21 cm (0. 67) ], 5%V OHFZETIE
RO FEMEE LTI REBICE LY — o3 e KT ORI RE SN, &5i2, A4 TF
U LRI SN o T, 2RO EEBRTH L, T ORFRITEEICHERTHILERHD | Z
NWHDT—=HIHESNT, BIIIE L HEROREEITFREOMIC, 24 CHRARMICH B 72
ERBT LRI OTET VA TR,
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PERRI OO R < R & HHAERFIRTE & O BEE A 3TN L7228 26 D T —F =R 134
OfEBIF R A e # S ATV D, D 5 EDOWFE T, BI L R T I A8 E OB A4 FHE L 7=,
%< ORI TR, A A~ —h—Z AW TUEL BARHE S iz, 4 OEIROFMIXZMELAE T, DDT
DORH OFHMA L 0 B T (11 BF%E) o Lo, WUCHRBEAZEN L 4 2L Eoar
JECIE, H— DRI L BET 21 A~ — W —OFHIIIAT O T, EREAREE T TOI R > T, &K
KOFIE EAFFE (ID CH 014) 1T EEMEFFSE (Agricultural Health Study: AHS) &L T, HEIRES
A E ToREREEIEEIIHARARE S FRE L TR O T, BEEE OO OFR, TN L EIEOME
FANH - 125 A XHAERMKE OB & B#E LTz (82 g, 95% CI = -132, -31) t#isahiz, 7%
D OBFZE T, RO T EMERHREIC B LI F =il I TAERRE SN, &5
I, BERINTEHEDOAZT F U RAIHER I o7, LvL, Fxidp, p  -DDED lug/LOHEINIL
HAERHAE O TgDWD (95% CI= -18, 4g) LB L Tu /= (Govarts E 2012) Z & AHE LI —n
XD aAR— L OELZDBMEDT —ZDAXT TV AERE L, DOBRZNZ 252D
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LorL, RUEFRDOEE R UH A LARA 2 N TOREFHN, 7 R, F Ul EAL 24 Lz 44
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FCH DT RES L0 BEEICFHIi STz (7T #F98) o Zhicb b bd, HD%@%&%@
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RIS D HLERNH Y, ZNHDOTF —FITHESWT, BIRE < & LT & ORI EICHEE 2
AR T HRTEDOTET VA X720,

9.3.4. ERMEFE

SIEDOMFFE T, BT # L R AM L OBENTE S, &ROIE (ID CH 002) 1THh
T ORGOEM LN L, 146 DR 72 B 2 S L7223, EEOMT TIIHGHICA B2 RIS
ST, 7P (0R = 4.99, 95%CT : 1.63-15.27) KOV A 2% (OR = 2. 42, 95%CI : 1. 06-5. 53)
SOFHERTOIE L B, BIROLEREFHEO U A7 OHEMEBEL CWD Z LM BEINTZ, FhiZ
L0 6T, FIHATRE R A SE OB R OAMEICB T DX B LW ENACHE THDHZ a5
BT 5 &, SRIOMBTERICHES NI RETH D, EY OMFEOBR ARSI TIL, BT DR
NG S (ID CH 043, ER3EIE< & (RQ#H) . OR: 3.42, 95% CI: 1.97-5.92; ID CH 035, /72
S EHLRITOBOREEIE ., OR = 1.3, 95%CI = 0.4-3.9; ID CH 008, RHADRF A FT 7 ad
HR, 95% 0.4-1.4) ., ) O EEETH L. ZNOOMBITEERMRDLETHY, 260
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T HNZHDNT, BRI FEEARMETIE L OBEZ RIET HRITDOTET A7,

9.3.5. FREPAGHEE

[FIE SN TIE, BRRIT <8R & ERMES 0 M2 5 e E PABHIEE L ofE 2 A L Tk
D (N=ARFFE) | FEx ORI L ARRAE PSR, EAYE, —OBHEL OO IERICZ <G S
TEY, ZEMREOFTHEIIITONA TR (1GR3 H 72 0 27081 o i SNT7218340 558D 5 6
3D HIIRER L FEFICHABEICBEE L T ) (9 HUOGHNEERERR ETHE CTho72) | 1Ak
DFERDENO THEE L TR 2 LERH D, 5ODOEDENEN THoN SN EEOFED % X
Ll BRI BEOEROEWVICE Y | (Z< BRSO G L L2BICBE L THIFZER T3 0 ORE)—
HRH DT, MILNORE] (FBEOERLHNTH, BROBROH 2 EEBN2HEEITI Z &
IXTE R, MRRE SRS & BRI BICETHAINETORAZ T T U A TMR I AL TNRY,
R, R L R SR EICET A T E T RSN TR | HEH O STHROER TId, 2%k
B Z XFF 2 b O TR, FEHTREIEL, 200 TRAROHSE (ID CH 044) T, RPN
R E O B FE LI EIRO B 7V — T O ICREBIAEE L T A5HFTIGENZ L8, Zhb
DDV A7 ZHINEEDH00E 9 IFHE S A, 73161 & 9406 D% R E E 41, I~ DI IO
WIbF AT ) — ARROIX#E, X<HER L, ZHRIZBEOERITONTLOTO R 55504 %
HLIth, ZEABMOMER LT, BEODT IV —E 7T RICE L TRED /X — 2 &R
IRVEDFEITNCHAERMERDHEONTZ L TH D,

9.3.6. WIRAFEZBDHFE

EIRTIE, 19O T CWIREFEER DO FIE, TR0 LERER (0=9) LRETH (=9) AHREIR
776
(R BRI DR TRl S L7228, D5 HOMETIFE A ERBAMEETHY . o T
A AOFRAEIZ1991 (IQR 136-710) T o7z, AMEDWIZETIIDDT L~V RS, ~FH 7 m o
Y EBY (HCB) &7 mATF  ATEnER T oMl S 4L, —MREY 72 BT < B oW gE TR S A
Too A L72 T XRTCOMRET, WITIDOOREE~DIIS BEEIEGBREOBEEZFELL> Lz L
A BB SN EEBIIHGHCHE E TIEe 0 o 72 (0R 1. 19, 95%CT 0. 96~1.49, 12 24%) (X 23) .,
S 5T, DDTIES 88 LIS EHER L OB OBTE 2B 2 L7z & 2 A, BUOWGRIICHEE TIER W
HABIE SN2 (OR 1.47, 95% CI 0.98-2.2, 12 51%) (X 24) . OS2 EETL L. Zhb
OFERITEE IR T 2LERHY . ZNHDOT —XIZHESNT, HH P HRIKIEELIZHIBE &
ORI, BRMICAERERBEELZ R T HRIEOT BT 2 A7,

JRIE FZUL I D% A E W22 TRl S v, Yo 73 Kot fii3784 A (IQR 200 — 861)
Tholz, 2MFOMFFETIEDDT LUV S A, 60FOAFFE TIZRFEIX Bk S 7z, -l S
NTT X TOMEIZENT, (D REA~ORBOIX #B GEIRATL ORI & JRiE TE L o B
EMALED &L ZA, BIEINTREIIHEIHICHEETIZ R o7z (R 1.02, 95%CI 0.74-
1.39, 12 72%) (XI25) , HFEDEIEAFE L= 3 SOMFFE (DDT, n=2; Z7 o /LF > n=1) Z/5Hr
WZEH5 &, BOWEMICHE TRWVERENEE S L7z (0R 1.00, 95% CI 0.84-1.16, 12 66%) (I
26) , HADUVAT T 4 v 7 LE2—"TlE, 196651 7> 5200843 7 & TIZHEE THIR S 4L, PubMed
IR ENT=A Y PT O E Gl >DOA X TF U A%#E L7 (Rocheleau CM, 2009) .
20074 LARMICHE TR SN TR OISR T R TOM RO WG EEA - L TR, EHOIX, JRETHD
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U A7 O EFIE BB ORZEIE < # (PRR1. 36, CI=1. 04-1. 77) K OB ORkZE 1 < # (PRR1. 19, CI=1. 00~
1.41) EBEL TV, DT NCHEThoo i LT 5, B2 2 W STHRGEMG L 72 /55 & L
T, HADLE2— L RBRINTAZTF I ALEOEBEBRNPBTH 7272012, Fex X2 2DpE
ERAETHIENTE, BOERAIIHFHNWICHE TIERWERLZEE L (R 114, 95%CI 0.84 -
1.55, 12 73%) o ZD X HIT, W7 2 BT 8 LAFRIEER L OMIC, 2 CRRIICH B 72 B
ZRET HET DT ET VAR,

9.4. BFFERDRV/NREEREE

Table 10IZIX7ZRVVEEREREICIT, 2 OEEFEEDO T BT » AOFREIIIM LN DT 50
Nbb, Thbb, ZhbORFEEICIT, MR, OIRE R BRE~LV=7  SEHSER &
D £ D 7RI ERR ST 2 BISBFEE D 22 O ERER T L B | TR 72 B AR AT R B9~ 5 25
FBENO R D PREEZBEDOERO —BEFEPREFE LI KM L TND DO E T, ZHEELERRIGE RN
LINTND, Bl 21T, PERFEZICBE U 7o R BN AR I3l S LTV 223, TQENE D & FRH#E
FCELETHASIN TV DRI, E&NAREEBE LSRR AT AR THLEEXD
Niz, Bx DV AT~<T v 7 LE2a—TiE, LRNIEERI NI BT X (20064F-LLHT) & Otk %
ARBIZ T D721, 2O DR EICET 2N R INTZAZ T TV U A IR SNk o Tz,
— RIS, 2D OREFERZEICEIT DA RIS R EN /NS < FEHNCAE R Tidle o 7o (Do Fist
ZERL) o ONTENR SN L EEZXDL L, TNOOREIERICHERTILERHY, ZNHDOT —H
IZHEASNWT, BIEIKEL INOLOEEL OELRET LT o AT,
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F10: R LERIFRTERESINT/NRERSE CIHME S -2

R

PR BEE 0D S REsHRE (BUD) Z A= 7 g~ w77 FAED L5

SLE IR T 4~ A% (BUD) REENTR OBt MfMig F—# LT A b 2T a fED k-
=

AR O RLH PRIE SR 1Q

DK & XD RE KEIRD BN RAEA L LH ik

R R S D B b e RYERRRRE A~/ =7 (CDH) AR O ) S EE DM

B R ORI Je RVED PR R e R

Jia [ o> B SRR PEVERR A

TERR A D S 7 VI UE RE(ARLE fi

AL U 7= SR O B FHE RO REIIN

NS 15 A B TRPE - SEPE

JIE (38 i ) 7 0D S A BBV BT A& R D R

B RO 137 FSHAE DR T ook o

G B 0> JL I E MigA >~ e ey BEOETF i

RE=ADFREORE (D) 1f3% SHBG fE DK T T AT VA — VO

A= A DI DR FEBARE ORI T HERR

1975 DHT fif > 55 T ANAT O EDIKT N7 p—<2 A 1Q

FLH 75 137 LH fE O T D PR KA

LN ARVA VAN LI g

B s — B B PASHIE i b T A

Bl o S Y DT RUTINA T v I A

e B 0D B Jie Y B RyTINA T T A

T ORERE D H JER O E S SR R

U A NEY DR R ORE T AIAE

FH IR FGR IR LT DR

B EICKT 2 EEORE HEEBE TR R 2 R T A — o0

FLIE DFE A~ D F FSH oD i i i 7 BRI (2%)

Anal position index JiEHEL AR

Ty Ra AT U OFEEE | (ERH & AP

HERE AL FLIN IR OB 72 R TN

P = T —RLE v DOFiFEE SHPH SGA

APGAR 1 3l 2 =7 JRIE T SHC

APGAR 5 5yfHlD 2 a7 R I LA R AR i

J5 2 P R R ARUEE FSH > |5 B T AR FHAY

HIAERE D BRI SHBG OO H1 T AN AT a v O E

HAERF DR R LH/T A s 25 v U RO | 7 7 v — DU
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H A R (A R Mg AMH fE O b5 KENROELHR
HIAERHARE, TERR H o TS MiE7 > N 25 o4 A6 | SFEER
O 5
BMI 1f3% DHEAS D |5 SREME 1Q
HIZERE D BMI MELEEET A2 S AT 7 5D J—X T AEY
ot
BTHRHT D BMI
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F 11 : 4 UL EOFER B AEEDOY T SN —FZ L IZRE SN HEDER
(NA : [ T&E22\0)

AET TV RERM FEIOAZTT I RRER

S RV
=g 5 No NA
PR P SR Pt 4 No NA
PRA:FE R DT 19 Yes JRAE T2 T OMEEIE<#E (RR 1.36;
95%CL 1.04-1.77) RO I7 DIEIL < &
(RR 1.19 ; 95%CI 1.00-1.41)
T4 40 No NA
HE
Y5/ e 21 No NA
[ENCEN 26 No HVERAR (3—m v S0 120ak— %
KRL Licffix DBMEDT =X AL TF Y
T A) tp,p -DDE®D 1pug/L¥iNiE, H4
RHATE D Tg i & B LTz (95%CT : -
18. 4¢)
SE 17 No NA
PR 9 No NA
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Study
io OR (35% C1)
I i
i
CH 050 B — 1.06 (0.57, 1.97)
1
i
1
CH 055 i = 1,34 (0.30, 5.59)
1
CH 057 - . 0.43 (.17, 1.41)
-
i
CH 050 . - 2,17 (0,96, 4.31)
:
i
i
£H b5 - 1,18 (0.35, 3.84)
i
i
cH 052 ...I_..._ 2.10 (1,14, 387}
1
i
CH 058 —_—— 0.55 (0.55, 1.64)
I
CH 033 - 1.94 (1.08, 1.18)
Orvairsll (l-aquaned = 23.9%., p= 0.235) '@ 1.19 (088, 1.46)
'
i
HOTE '.'\'d-gl‘.li are from rendom efechs analysls :
:
I )

b=

X23 : BRI BICET2BHREEFRBEDODIRIDI UV EFLHBEAZTFI VA
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Shidy

] OF (35% CR
]
"

KO3 = | IRTTT R
'
0
i

Ho —— 116 135, 3 84)
V
¥
H
"

1

2908 W 3 ET)

2T @85 4 88

'

Dwpenl glaguared = 51.0%, p= 0 500} LENE R ]

NOTE Wieghts e foes fandom effech atalnn

T T T
1

K24 : DDTIX BICEHTHBHREEERBEDOIRAIDT UV FLIHRAEZT I TR
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Shily
0] OR #% 0
CHA (40 0.90 [0 20, 4.05)
CHIDST _ 1,05 (977, 1.43)
CHI D53 —— 3720164, 530
CHIDS ——— 078 (0 &1, 1.00)
CHI 057 < 042 005, 15}
CHY D58 - 0B 0T, O D)
Overnll (Lagaaed = 71 5%, po= 0004} <> 102 @74, 1.3
NOITE Weights ane from random effects mnalnn
s 1152
25 : BREIIKBE—RICETIBRERETHRDOIRI DT U FLHREAZT T Y
A
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.hl:l-d'f

I DR (95% CI)
CHI 48 --I 0,80 (0,20, 4.00)
CHI 051 —t— 105 (0LFT, 1.43)
CHI 052 L] 1.00 (0,56, 1.07)

“HI 053 I e — 288 (1,04, 0.23)
CHI 054 —— 0.78 (0.67. 1.00)
CHI 05T { = I 0432 (0,05, 2.53)
-Hl 058 i 087 (0,70, 0.06)
CHI 083 = 181 (047, 6.87)
CHI D65 ——— 1.24 (0.6, 233
Oyl {(§-popenrgsd = 65, 5%, pow= 00030 <> 1,00 (0.84, 1.19)
MOTE: ‘Walghis e froin randorm elfects analysis

T T .1

T LA

226 : BEDRIKICET 2L ELRRKIT BE—RITETIHERERETHDY
RIDT U EDHRAZT T YA
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10. AFEEKA

BIRTIE, 63D XAERIIT BEO/NRIEFEEEZMAE L TRV (78 A I RfiE 299, IQR
111-544) | 7 —Z 7 — # X— R IS8 DB D T 238 £ TN, 3 D35y D1LLE (n=217,
38%) D& T/ FER O % 3 L TV D oIkt L, ORGS0 8 CIXAFERLE R VE > | REE, BRI
PETR EZFHEL T D, D EIZROND LT, XK BOEROLRMEITIETHY | 7 —FHH
(R A 52 T D, 641FED 5 BAEO B3R & 2k — MIFSETH 0 . KEEOHFFCI AT
T o7 (n=45, 710%) . HE SN TWDLHH O T YA X Fn7e V/hE < 4LAD 529, 649 A
O#EIFATH 7= (FRfE161) , Z OFER TORKOWFICIT, DA E TR IR KO LD b
T H D, ZZ T, 7V =T ROA XA v hOFEFME L BT —r v/ 3HETHRIL SN
7mYx 7 FToHhAHINUENDO (INUit-ENDOcrine) #9827 /v—7" (n=8) O OHRM A A LTz, W5
DIFIFE3y D23 T —1 /XN E T A ) CTEIE SN2 (EEin=22L20) , 22O R EIL < FEx
FEE L. S HICPEELL EORFENELS BONSS A~—h—IZBT HEHEZ A L (n=38, 59%) . 3
ZERIREIL < BATEII<HE~ MY » 7 Z(JEM) Tl L, 2O RN BRI & S A A~ —F — Dl
FEEH L, AELCRRIEENT ) —%, £h7 ) =% LIFRORK & & EHHE O
WEL L BICFIATR L, T—F2DORE D0, F— X OFIFHE (A F T TV T R) 1TikE
IZDOWTDOHRE STz,

10.1 EEDOHAETF/NT A —F

265PEDIFSE (PRI 18914 : TQR 87-336) 23, kR4 A MW TR L1/ FIROE & ORE %
P L7z, A5 OFERIZOWTEM SN2 O BuI21 7T, S S nienpthroy o 7 ud 1 X
141 ~T7631k & /NBIETH B, e K OAFZ2IZINDUENDORFZE 7 v — 12 L % 3 — 1 v SO REMaF4E (1D
RPD 009) T, p,p’ -DDEDFE TR, #§ 1EBIE, KT BB~ OREALITM L, K EEh I st 4
DASDEMIZEB W Tp, p” DEEADBEBRRH D Z LARENT, [A U7 —71C X 5510 KT
gt (ID RPD 012) “CiX, R IEAIGYIME (POPs) N BYEDO AL RE A LET S AlREtED— 7 v X
HREN TV, ZEONFATORIZICHE 0 0b 5§, [F U BN & 382 vz 4 Ll Eo
FFECIE, B RE L BT 531 4~ — I — L3l STz EENRFEIEIThA
Mmool

10. 2 AEFHREREE

SOFEFH DT A2 T de SIFOMIZEA, IRAEFHRRIC KT 2 BIKOEB LI L T\ D, o7t X
X 41 2252,365 A&7V /NS, IEIER e BIEOFMICIZ R DR E L SAFEH I LTS
7o, AT FV VAL DEROFSIIRATRETH 5, BEREBEO LT BHE OREKIZ EE
A L 7o i KB OMFZE (ID: RPD 038) Tl EFHAEDOIX T 23HE =47z (0R=0. 68, 95% CI=0.49-
0.94) , LU, WEFIFREGOLMETBE 25 L LI2FBICKRE 27 ¢ —/L FiF%E (1D RPD 034)
Tk, AERBEEII RSN o7z (0R=1. 11, 95%CI=0.96-1.29) , 14DBNNHT TIIA R ek RILH
LEInkhol--H, 74— /L FRETIIZEFT VAR ELTWS,
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10.3. BHARWE

HARTRPEICBIT B 10D T, BT BICESARY TOHN TV, 2IEHEERE L F0ZEFD
IR L6 O RN DT — X AT D2 ENTE I, TV X 2HREET V&2 AWV ERORIE
1.52 (95% : 1.09-2.13) TH Y, KRE AL —MENBILE I (12=63%) (IX]27) , LA>L, INUENDO
WHSE 7 NV —T 33 L Te Z OB BT 2 Ae R OAEKTFSE (ID RPD 003) TiE, p,p’ —DDE®D 2357 fll
L FREE & ORNSHERIZNER (OR=1) II/REN/enoT, SHIT 1 DOWFETIE, 7AF A LE/— |
A A NEEE U0, AEAEEIIHmES TRy (p E=0.99) , fhd 3 SORFIETIL, A X T
TV RCED D DI IRIERBT LN T,

10. 4 AFEFBINVE

ZDVATT 4 v 7 LEa2—"TlX, Hx RAEFHARILE AZDNT250D 50 21T > 72 19D8F%E (V
N A X LE257 ¢ TQR 97-322) MEE SNz, T O, B TEE ST A —2I1ZET 5
DO R 7 N—T OV T A ZZPLET 25D TH Y | ZOHIPHIL6222H88TE T Th o7,
BRROFIE, TARAT O ETARNTIOF =D L YLICHTEAFF 7 naXo ¥ 0Bz
FE L7 T3 — o ROBEIIZE TH D, 14~ 1558 D BHEFEDO R ILT REEX, (5RME ~DONERIE
KEICEE LTz, ZOMETIE, E<BEEFRLVEVREORESRERLBEHEL NS L
DR STz, INUENDOWFSE 27 b— 7 D3 T - 72 WF 98 Tld, DDE & AEFEBE R VE > ORI 722508 T A
BRERIIGON ol Bled 2 —UplsEshi, Lo, B —ZJLontrcix, 25
Rhe U RELHERLVE UG a7 ) idp, p’ -DDEIE BOXBEZITTCND LI THY | 4
HHICKRERIEHDENH D Z ENRBINT, FHiSNFER & BEOHEEN LW, T—4D
EBMRHAIXTE RS T,

10. 5. BFFEER D 2\ TR

RI2IZFENTOVRNT N TORBIZOW T, AREY O TITRM TR BT v A &G
FTAHZLENRTER, fEDV AT T 4 v/ LE 2—Tik, BEICKREINEZTET L A (20064501
A L OHEAZATREICT 572010, ZNODRBIIHETLI\EICHREINTAZT TV RITHR L
minotc, Rin2 RGBT 2R DDE~OE BN A RIS O ERFE TH 5 L 3B 2
LNWZ EWNFENT,
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12 : A UL EOF R HAHEY T N —F T L IZRIESNIZ R OER (NA -

A AART)
AETFTIVRAEME  HEOXZTT Y VRAER
R FREE AT A—2 25 No NA
AETHRE R 8 No NA
Vi PE 10 Yes NA
R ARV E 19 No NA
Sty
D R (B5% C1)
RPODIO01 L~ 160 {070, 3 65)
RPD 003 o 100078, 127)
RPD 005 —l— 168 {118,300
RPD 008 —.—-— 250{1.18, 540
RPOOX2 ——t—l— 115 {07, 1.8
RIPD 038 ~—=-—4~—- 262 (124,555
vt B acumed = 83.1%, 5= 00) <§>_. 12010021
NOITE Wiasghes 9 1T IGn0on aincts snalyss |
T T T
] Fi 4

X127 : BEIZ RICETIEHMEREY A IDTF UV FLRAZTF I TR
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11. PR R

RTIT 60 O LRI BOMRENEBIZLIETTIREZFAEL TBY (BT ¥ A Xk
filfl : 390, IQR 246-781) . F—ZHHT — &% ~_— 2 TlE 573 HEOEBSHT A TN T, 30 DL E Ol
BHEEENTM SN TRY, =% VY URICERE Y TN R b Z< 2 4b o7 (£ 13) , il
DEBIRAOND L IIC, FL<BOEROSZEMEICIIEZREDI LORH Y . T — X HEITHBI2
BEEHZTD, 601095 H 8 DA E ah— MMFZET, 7Y O 2 fhix 2k — b PNAERI R
HThole, MEINTZHICB T LTt T LI LIZhE <, SMEEIL 46~143,325 A
(Pl 390 N) Th V., ZOMHEBIZI T D HEKRKOMIIL, DA TRl SN2 R RKOMIEELD b
NS T o7, T 2Tl EEMEFTA (Agricultural Health Study : AHS) DX 972 Z DD K
TS MONTHEN S DL OHHIOF & 0 BRI N8, — )7 T 43 FOFIE kI
SBEFMEL Tz, S5, IEKBOAS A~ —D— BT DIEREFFOMEOHFIEIX. 22 TiED
FYHEM ool (=7, 12%) o FHMliSH 2B T TY —%2FK 131587, sHMliSh /g I LI
[[E SNIZMFEDE N VIR T=d | T —F OFFHIRE (A Z TV 2 R) 133 —F 0V U & %A
PEAERBEALSE IC SV T DB EM S 7z,

11.1 X—F VR

BEELSFEE N —F Y PR L OBE A RE LRIt H 0 . Yo T A X g fEIE 3991
(IQR 286-711) T, 7 — & X—Z|ZIF266/F D LLEE D3 il STV 2D, BRER ST AFFED80% 13k 3E IR
< BAEFMG L T3, BIf E 22T T 0010% T, X< BEE A A~ —Dh—% 0 L il L7 #fF%E
5T hH o7 (10%) o 4 DOREOFMITIZ G T o728, — 72 23K (281F) | DDT (514) |
RTa— b (9fF) 72 & OBEEN L0 BB STV,

FT. RO BIEOMR &= L & OB AT LT, BRI NTRIE, R0 ORY
—MERNFAE L, FEHICAEBERBEEZ R LT (T2 AZHO0R 1.58, 95%CI 1.35~2.85, 12 61%)
(X 28) . FFEDEIEEZFM L7 4 DOBIE (] : XT 23— 1) ZFRWT, hOT X CTOMIETIL,
FICERHUC L D% AME R HIET, BICBELO R EEEHZTME L TWD, AZT7F U v
ZDFERIT, T OWFEOREICET DR RKOMFE L —FH L T\ D,

WIZ, DDTIEK @B & /N —F 2 Y 9 & OB Z 3l L7, Bl S -h ik, R —MoFER LI
MEFREMICAHEE TIIR W E AR ENT (T & 28 50R=1. 01, 95%CI=0. 78-1. 30, 12=0%) ([XI29) ,
BT, N T a— MIKETE N —F Y R L OBEZ L L7z, BIE ST RIL, PEE O RS —
PEDAFAE T CREMIICH BB 2 R Lz (7 v & L3H0R=1. 32, 95%CI=1.10-1.60, 12=34%) (X
30) o AXTFUAORERIT, TS ORI T 2R KHFMOMAE L —H L TWD,

Fex OTEMRZE TIL, 20004E2> H 2013 F TICHE SN BIIXE L N—F vV U & ORFEIC
BT 2T 0V AT~T 4 v 7 L Ea— KW EREFAZYT TV VARE LR (Pezzoli 2013, Van-
Maele Fabry 2012, van der Mark 2012, Dick 2006, Priyadarshi 2001, Priyadarshi 2000, Allen
2013) ., BFZEREE Db WY fLA & B O LY ML & o) e b OREIRIFIE, E72. ik (Rim
TR B DOFHM, K EAFTED T IETRIVFHMR ) OEWIZ S0 05 #RIEIAZ T F U v AaK
T—HLTEY., 20064E0LOBAEORY AL b —FK LTS (F14) .
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11. 2. FHEMEHEMIZRBELE (ALS)

TEDOBFFE T < 58 & ERMEMIRELIE & OBEZ M L TRV, o 734 X
356 (IQR 201-1156) T, 7 —X X—A X1 FOMEBIO AN STV 5, RBINZTXTO
PRI X BAFAN L TR Y | 42O FRIHMERIL < 88 bR L Tz, fifla & AFEIT 1D 2 T
FEAEORZE TITERHKZ A CUES BE2FHME L T2 (n=6)

a1 T 7 BRI L ALS & DR E 2 5FAM L7=, BlE SR i, N E AR (BEZR
OR=1.58, 95%CI=1.31~1.90, 12 10%) DOfF{EL & bITHFICAERBEEZRL (K31) . AX7T
TV ZADFERIL, £ OWEREICET 2 R KOOI~ Te b D Th o7,

SCHRIR R 2 AT o 7o e, 2012 FFICHER SN BT E LS ALS OBEIZET 5 2 2OV AT =T
4V7VEJ%&@/iki%57+vaﬁﬁ6ﬂk(&mlmm Malek 2012) , ZAU5H DfER

ZEE, KREBEOWIE CTIIEIEDILEDER Y 7 ANRKEIN T\ RhoToh, Bxr omAC Bt
Tﬁ%t%@bfgﬁm®i<%tm5@%L%m¢1t7/x(m43&9MCL13&2m)Ko
WTOEELORE & —FHL T\,

11. 3. HFEE DD 2 R FERF

PR=F 2 PR L R R LIE 2 RO T, PR O T R T OMRRFEREIC OV T, 20064
PIBEDWFGE D 72T X C, ENEFNOEEL T CoET UV AERETHIENTE 20, FTrDU A
TYT A4 vV L Ea—TIL, 2006FELRNCHR SN BT VA LDl E A[REICT 272012, 21
SOREBICHETLURNCREESNTEAZT T U AR EN o7, — RIS, 2 b D IC
B9 2 BRIV S < MEHICE B TR D> 7208, DBOFISNZHRNTIIEE TH -1, D5
BNZLNZEx2BEZLE, TROORKRITERICHERT 2LERHY, ZNHDOT — X ITHESNT, B
WK T L N OOREL OMELZRET L ET A TR0,
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£ 13 : RS E CELli S iR

FOLAGEE D FH T IV A = — NET VxR =i ralL T —
JE S O SR i ZE A MR SR AR A L E FRARIE R
A JEBRIE O R JF KA B 0D Z A8 bR fi 7 R=F ) R
e TE BT D S BEHOK T PR—F Y SRR
FIGEORE PR R PR A Ao 0% P 7
PO A S FRHE HEATIERE RIERRE
S I IR ARREVER R LA ML ALy J ASEMERE
S TR B HAT IR L 7
BLF BB HE O SLH B BRI EE) = = — 1 L
JE RO A O R 2 SRR FAE TETE R PR
TR DHRE H D B FralLFo— (BETx—  OXESITRE

DFTZ DD HT)
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F14: BERIIKBLAA—F VIR A7 M LT-FEORKE (n/a: 72L)

i < & < EFE 2a 2:3: 017
ZAT
DDT
NRD 027 2007 7 AU#%  Cohort M ERAE<EBICOVT ever/never  yes 8899
DE T
NRD 025 2011 T AU Case—control k3  HEEIXFEICOWT ever/never yes 808
DE T
NRD 032 2010 T AU Case—control k¥  HEHAIXFEIIOWT ever vs. yes 578
DG K never
NRD 033 2010 g—nu /X Nested case- BplE A A~v—h— per IQR yes 292
control increase
NRD 019 2008 T AU Case—control JRA  HEHEEIXFEIZOWT ever/never no 184
DERIAT
AV A=Sul
NRD 019 2008 7 AU%  Casecontrol {EA  EHIFIEEIZOWT ever/never  no 184
DE T
NRD 027 2007 7 AU Cohort W ERAE<BICOWVT ever/never  yes 7393
DE L
NRD 023 2009 7 AU#H  Case—control Eihi  JE{EEMEE yes/no yes 709
NRD 030 2009 7 AUA  Case-control W3  EHIZ T HOWT ever/never yes 1030
DERIHE
NRD 037 2011 7 AUA  Nested case- Hk3¥E  EBIE IOV T ever/never yes 468
control DE T
NRD 020 2009 T AU Case—control Bz  JB{EjERE yes/no yes 709
NRD 022 2010 TAUT Case—control M2  EEIEFEITOWT ever vs. yes 578
DE M never
NRD 038 2010 7 AU  Case-control I3  FREE yes/no yes 58
NRD 020 2009 7 AVUH  Case—control BREE  JR{LJENEE yes/no yes 709
NRD 033 2010 g —n v /N Nested case— BpbE INA F—T1— per IQR yes 292
control. (HCB) increase
NRD 058 2010 g9—u v /% Case—control {RBA  EHEIEFEIZOWT yes/no no 330
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T < 5T < R

PR BT

Z2A47

DERIE (B Al

NRD 034 2010 T V7T Case-control W3  EHIEEBICOWT ever/never  n/a 608
DERIHE

NRD 018 2008 g —n v N Case—control k3 BT FEIZHOW T ever/never yes 233
DERIHE

NRD 017 2008 T AU Case—control JRA  HEHAEEIXFEIZOWT ever/never yes 1666
DE T

NRD 014 2006 7 AU#%  Cohort M ERAE<BISOVT ever/never  yes 143325
DE T

NRD 029 2009 g —n v %N Case—control {BE BT FEIZHOW T ever/never no 388
DELR L JEM

NRD 036 2011  =—1 /% Cohort e JEM JEM class

NRD 015 2007 77 Case—control J&#  EHIXFEIZOWT yes/no yes 308
DEIHE

NRD 020 2009 T AU Case—control [k R yes/no yes 709

NRD 028 2008 TAUT Case—control {BE  HEEIEXLFEIZTHOWT ever/never yes 615
DE I

NRD 023 2009 7 AUF  Case—control EiE  JE(TEKE yes/no yes 709

NRD 016 2007 g—nu /N Case—control JBS FRIE - EEEIX<FEIZ high vs. no  yes 2756
DT O R exposure

NRD 024 2010 3 —n v /N Case—control Tk  §RE yes/no no 387

NRD 025 2011 T AU Case—control &3  EHEIXFEIZOWT ever/never yes 808
DE AL

NRD 058 2006 T AU Case—control JRA  HEEEIXFEIZOWT ever/never no 278
DR

NRD 027 2007 7 AYUA  Cohort ¥  HEBAIE<HBICOWVT ever/never  yes 65183
DERIHE

NRD 035 2010 77 Case—control  Jkz£  FIE yes/no no 525

NRD 030 2006 T AU Case—control W3  EEIXIEIIOWT yes/no yes 430
DE AT

NRD 030 2009 T AU Case—control k3  EHEIXFEITOWT ever/never yes 1030
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i < BT EFE 2at 2 3: 700
2T
DERIHE
NRD 022 2009  =—m s\ Case—control Hk¥E  EEEIXEEITOWT ever/never  yes 781
DERIHE
NRD 019 2008 7 AU%  Case—control Hk¥E  EHEAZ#EICHOWT yes/no no 184
DERIHE
NRD 032 2010 7 A UM Case—control M3  EHIEIFEIIOWNT ever vs. yes 352
DR never
NRD 032 2010 7 AU%  Case—control Mk¥E  EHIZEITHOWT ever vs. yes 578
DHE RIHE never
NRD 003 2010 g—n v /N Case—control n/a n/a yes/no yes 264
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Study
([} OR (95% CI)
MRD 003 ——— 262 (117, 5.88)
MRD 058 —_— 3.22(1.32,7.85)
MRD 014 — 1.70 (1.20, 2.41)
MRD 015 — 1.68 (1.03, 2.74)
MED 016 — 1.38 (1.02, 1.89)
MRD 017 - 1.10 (0.88, 1.37}
MRD 018 o -+ 6.00 (0.62, 58.06)
MRD 019 - - 4.40 (0.50, 38.72)
MRD 020 —— 1.52 (1.08, 2.14}
MRD 022 —_— 1.80 (1.10, 2.895)
MRD 023  — 1.66 (1.04, 2.65)
MRD 024 —-l-*— 1.06 (0.60, 1.87)
MRD 025 | —a— 1.76 (1.15, 2.69)
NRD 026 ——— 1.30 (0.81, 2.08)
NRD 027 —— 1.30 (0.50, 3.38)
MRD 028 — 1.61 (1,13, 2.29)
MRD 029 -'--— 265 (1.34, 5.24)
MRD 030 —_— 1.90 (1,12, 3.22)
MRD 032 - -+ 3.90 (0.39, 38.00)
MRD 032 —— 0.80 (0.30, 1.20)
MRD 033 1.12(0.91, 1.38)
MNRD 034 —_— 0.91 (0.48, 1.73}
MRD 035 | ! —S——> 17.12 (4.97,58.97)
MRD 036 — 0.90 (0.50, 1.62)
MRD 038 ——— 1.07 (0.59, 1.94}
NRD 058 1.50 (0.80, 2.81)
Overall (l-squared = 54.6%,_ p = 0.000) (] 1.49 (1.28, 1.73}
L]
MNOTE: Weights are from random effects a:'lal ig

LI
S5 1a

X128 : BEII BCBETI2BHRENN—F VI IRDIRTIDT U ELBAZT T
Y Z (ID NRD 033DHFZE. Kz ~FH 7 una X ¥ 25 )
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By

o OH (%% CI)
WD GFR i 130 98 10, 2 D%}
WRD 25 - } 132 LS5 1ET)
L) 1 .00 @ED. 1 67)
KD 233 —— Y — O AT, 1.85)
WD ) 080 pR6D, 1)
Cweesl (i-agpaared » 0 % [ = 084 <> 100 @ T8, 1.30)

T T T

X|29 : NR—F LV IRDY R 7 LI BIZETAEROBEEIEAFTF I VR
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1$b.|||\-
[1x] it (B5% CI)
MR 015 ]| : = 3,50 (0L40, 30,62}
KRD 027 —-l— 1,00 (050, 2.00)
MRD 020 [—— 1,00 (071, 1.44)
MNRD 023 A ——. 100 (0LF7, 1.84)
T
MRE 030 ——E—-_-— 2.80 (0,81, BLG8)
MRD 032 060 [0.14, 5.78)
MRD 037 ,—o— 2.50 (140, 4.48)
KRD 038 —— 1,07 (059, 1.04)
MRD 020 e 175 (.13, 2.71)
Crvprall {l-nopanresd = 343 0%, p o= 0, 145) é 125 {0 NEK, 1.0
T :T T
o 1 1.52
B30 : T a— MIKBIZETLIBERENA—F Y IR X7 OEERAZT T
)RV
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Shiky
0 Ot (85% C1)
R 001 . {57 (1,00, 2 30)
R 015 , .50 00 10, 2 503
R D4t E 100 (020, 5 )
NED 47 —— 1B {127, 204)
NRD D4 -.-i 144 0080 2 ik} ]
WD) D48 :l - S 470 (1 40, 15 78)
Cristall {l-dguaisd = 10 0%, p = 0.353) @ V.58 (130, 1 80y
] I: 1
5 1 1532
(31 : BIIX BICET 2158 & HiERERRBIEDO Y X7 ODBEENREAZ T T
)RV
EFSA SCHEHIR 2013 EN-497 71
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12. NHWHRR

EIRTIX, 350 Y TREIEIE < BEAHIRIRA VT VR E I TN PHAE S (PRfEY
YA X226 5 1QR 130-453) |, T —Z T — # X — A TIE343DEFB DT AT ATz, B S
NI ERREEL, HArXr (T4) . MVa—R¥AMnm=r (13) | FRFEIEALVE S (TSH) L
N TIhoT, ZONETEM SN E 28— MIRIIFEOARTHY . T 2D R ILE
A ZIEFIX R E T2 IR TIC L D b DO TH L0, 2D IHIEBEREICB N TY a— A, T A
DD RT WV, MEINTWEIOITICBT 2 7 T LixLid/ha<, mE#iier~
16,529 N (FFRAE341N) THotz, T2 T, ZOHEFTE MO N RIREZRBZE) D OB D
RERT FAZIBEINT | REBOHIUTRFIL BLAFHE L Tz (n=28, 80%) . L2rL, X
KBONRA F~—h—CHTHEREATDHIHIEOFEIT. 22 TIREV EHETH -7 (n=29.83%) ,
FERBRESREAR TAE, FURIREBERETUHESE . 2 O FURARE B T 2RO 1/38 B Ho T2z 0
o b7 (n=123) | FIMWREART BT Xid, 2 OB TIEB S TR KRB TREMEH & ttoH
WHRE & OBEZFA L TV 2 RFEMFEHA (Agricultural Health Study: AHS) (ZHIRL T\ 5,
Z OWFZETIZ, FURBEREIR TIE & AT HE 2 R 2% Al (OR=1. 2, 95% CI=1.0-16) KO Al (OR=1. 4,
95% CI=1.1-1.8) O L ORICBEBENH D Z ENH LN -72, L L, ZORERIL, AEANE
DERMETHoT22 L ESBEBRIC LD 2 A TIOBREMENRN=D, EE L THBRENLREXT
HD, ZOHHETHL ONOHFIRIRE LT LoULZ R L WO D MO TRITIEF IR TH Y |
FETHERERL TS, MMORBICARONSLHIC, FHLELRIFKBOERIERTAETH
0. 7T —ZREIHER e MEE KEL TN D, 7T —F DRV Bie 2 547, ZhR &K OFEEE O
DD, T—F OIS (A2 7TV TR) JThiIv TN,
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13. B R OFEER R B E

BRTHE, 320 HRP A/ NRAERIC I T D R & O HEE R B x5 REIE < OB L
HELTEBY (74 il 0 238, IQR 109-305) | 7 — & T — &% ~_X— X TlE462 D {ERB] D
M TONTZ, T —m v R (T VT R) OEMAEMRE LIERIZMEOARTH Y | EEXME
P fEE (ADHD, 64, 102(F D7) % HIZ 1T O R B 22 A 3l S AL T e, oI/ 5
NDEDIC, B BOERETIDRVELELTHY , T —FRAEICHRNRMEEZ bTZb LTWDH, K%
BOME (23073, 72%) WEFIAE 28— MIEZS2BIZL T H0, BE SN TV aITicBiT 5
Yo FAH A ZFZUIE LIS L, 25~T, 440 \OHIPA T, RO L DIFEHY 74 /L=7 « &> hTF/b
N L—/NRIZE T 2 BEEAMEORBORE L BHEAXY b7 AEEOHAMEHETH ST,
Z 2T, FkxIEER, CHAMACOS (U FADREE NEOREFEERHEIE > 2% —)  (BHRY) 72 & D KK
. ZORHTEHONIANTEN SR TWDL IO 7 T A X 2 BEE LT-D . WFFED84% A B 1T
KBAEAFML TV, SIS, B BOAS =T —ICHTHIEREHTDMHEDOEFIENZ Z Tl
28 ThHoT- (n=28, 88%) . AELILIEFIEREENT I —% £FH7 IV —IZ%HE LIZWED
B EREIHAORE L & BICEKIBITRT, T —% ORI L [FE SN NB D 72 inoToizw,
EOEBIONWTHT — X O E (A X7 TV v R) I ATbiieh oz,

13. 1. BB D 22WVEM R O EE R B

R R QRS PEEN R & EE KL B EREE (ADHD) % RN C. RISICFEMOKEITT T, £
NENOEERL T T ET V AERAMICHETT 2121k, FIAFARERIERDRTESL, Zhbo
X, BHPERILILIERERE O L 5 IS REDR D 2 VW AEEICER SNZBRFT RS, 2 3a=
r—a v, R UMLK 7 E T, I RBNSIERER EOMREZEOPHE 2R T2
DERBECIEINT-SEFIERFERTHERINTVDE, A DVATT ¢ v 7 L E2—TlE, 2006
ELRNCHER SN BT VA L ORI A ARBIZT 572012, 2 b OREIZET U E I
TeAZTF U RAFIER Loz, —KIIC, 25 OREITET D ERITEEN/NE | FEHNIC
HETERD S TD, DEOFSMNIE > T, DTN L | RRET  TABP DN L aEZD
ELINDOREFITEEICHRT ZLERH Y, ZNOHOT —HITKSNT, BIRIEEL N OLDOR
L OMIZZ LB EZ RS 5T BT AT R,

13.2. EEXRKaZEEREE (ADHD)

61FDRFZETIZ, 278 A7D2 52, B3IINDBINE DY o TN A X TEEFIT < # & ADHD & 0> B 2 FFAfi L
T = AU 102 OBIEIC R S U A AR LT, 300BI IR =Rk — R THY | TR TOR
FRIFREIZ BEFM L, TRCOMRETIEL BIEIAAS A~ —D—2 N L GBS Nz, —RARE
BV L HIA~DIEL FIL3ODOIFFE T, DDT~DIE L FEIL2 O DIFFE TR X4, trans—/F 27 v ~%
FrmaRo€r 2,46-h) 77— (ICP) FENENIOOMETIHMINT, 2D XD
2, AEORBOERE -IEFE—OEHALZ V- 4 S EOBIZECld, H—0o 3K L B 5
A A== =T SN TE LT, EEMRRA I TRl >z, 20N Tl KOWFZEIE, FHR&E
FE - S04 (NHANES) ¥ (ID 17) T, 19994E7)> 520044 ONHANES D7 — & Zfdi fll L T, 6/%7)>
5155k D/NE2546 N\OTIRF RY 7 mr 7= /7 —/v (TCPs) & @A HA L 72ADHD & o BHi 4 34T L
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TWb, EHELOREICELD L, RPD2,4,6- bV 7 a7z /—) (TCP) OIRENMEME (3.58 mg/g
Kiiti) KOVEE (3,58 mg/glh k) /NRIE B BRFUE A O/ NRIZ A~ T, BUZHE S 7-ADHDD
U 2T R3Edo7= (0R 1,54, 95%CT 0.97~2.43, OR 1.77, 95%CI 1.18~2.66, ZhZF4plt b Lo
R=0.006) |

Bx DV AT<T 47 LE2—TiL, UANCHR SN BT & (20064ELLRT) & O k4 7l g
2T 57201, ADIDIZBAT 2 LIRNZBR SN A X TV U AIXHER L o7z, —HRAIZADHDIZ S
T HRERITR NS < DEOFISNE RO TRFHIICHE TIER o7z, Lo T, 200 &
EETDHE, INOORFITEELRMRAMLETHY, ZNHOT —F TSN T, BT & & ADHD
L OB ARIET 5T BT AR,

13.3. PRERFEE

SUEDAF TR RFIE < 8 LR EOBE AT L CB v . Yo7t A X(326~1,041T, 7—4
A= 2325 OEBI L S H S LT D, 7 P T RO/ N ORI E & G L 72 IR L o A
ThHYH., TOMOWIZEITT XTI —r v/ SROEMEZRNZRL LI b D Th o7, MFEDT4%IT a3k —
NMFFFET, 2TORFFETIEAA A~ —h —Z AV TUE L BAFEM STz, Jx OEIEOFAMIT S
ST, AHEY URBEIE R EWHI T Y =R E D HEBEICEHM STV D (K16) , AR B
DEFE T ITR— DA Z A7z 4 2L EOWFETIE, H—0EE L EEST I NS F~v—T—D
P TN TR o) BENAREA I ThL Ty, EES, MRS ZEOMIL, F8HE
biLd kol *%%ﬁ%@ﬁ?ﬁ9—®%5*O®ﬁ@%ﬁ%f%w\ﬁ%éhfwé35@9—»
LY T — VDS LR (3R 17) 1L, ARSI TV D UROFER 2 KR DERMITHE L
£ LT DRALELEERREDIZL TS,

Z DAY TR DOAFZEIL. Collaborative Perinatal Project®#E3E: (ID MPD 029) Tdhv ., 27
nrY7z=/Lh)saraxH U ~OENIEL EELRKOFEEO/NRORHABELZFML TV D,
EHOOMEICL D E, ZOHEMTIE DDT & DDE OIS > 7225 (DDT J2EE il 8.9
g/L. DDE 24.5 g/L) | TikRED_A Y — RE DR - B E FEA 27 R 7 L 27— /VHIBEFRE DU
FTHICHEE L T iRnoTlz,

BxDVATT 4 v 7 LE2—TlE, 20064FLIRNCHR I N BT U A LD A A[EICT 5
720z, TNOORERICEAT2BEBICREINTZAZT TV v 23R Lo To, —MREIIC, fifes
BEDBIZET DRERIT, 1T L A EDFSNEZBRNTEEINNE | FFHIICHE Tl h o7z, L7zn
ST, ELDOHMMTONIZ LE2EEZDH L, TNOORBRIFERICHER T 2LERHY, ZhHDT

ICHEDNWT, BEEICEL INLOREL OEAZRRT 57 A ER0,
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3 15 : ISR OBEE LRt R ONsrhEE) 3R

%1 SIHTEK
T R B pEsE (ADHD) 102
B PdE 2
HIREFRER 13
S R 4
AN 20
FERR - FEPREE)IE 318
JRPLIE R 3

3K 16 : FHEFZEOBLR TRHM = huio

A L 72 B St
DDT 81
Jansay 5
7)Y RA 8
~FHrsoeRo¥y (HCB) 5

7 il 6
~ 7T 8
~Af Ly T A 13

A B 3 R 2
FHEY VR - I — A — N RFk Al 7
CL VRSN S 115
freh 80
o= 7 RN 1
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z 17 : R ELZFAMT S 31 OFETHERHINTZEEOERLE Y —V

Efetd . EEHIE [Accuracy, impulse control]
Flit o BRPERI OB RIAE [Ages and Stages Questionnaire]
1TENEMAFZE > A7 & [Behavioral Assessment and Research System (BARS) ]

HIMNEDTZ DDA ) —EHEEN R EZIFH N E [Bayley Psychomotor Development Index Scales for
Infants]

AN DT DA ) — 5 EFe SR B [Bayley Mental Development Index Scales for Infants]
RT7 ) —7 75 =7 WM 38 EMHA [Beery-Buktenica VMI developmental test]

ARy b TR IRAS [Benton Visual Retention Test (BVRT)]

R 7 AT A~ [Box test]

7' F 8N BAEVATEREM [Brazelton neonatal behavioral assessmen]

TIVFR e LY KETERN S ENR B [Brunet—Lezine scale of psychomotor development]
INROFEESINE [Children’ s Memory Scale]

A A—HifE [Combining the Picture]

5%, Codin [Completion, Codin]

iy 7 +—~ A5 A [Continuous Performance Test (CPT)]

$5mEE [Digit Span]

Ty —H T A b (ALESEE) [Fagan test of infant intelligence (FTII)]

T4 H—H vy H A [Finger Tapping Task]

P INVIEFEA Y 22— [Gesell Developmental Schedules]

7 Isua—¥ 7Yy MaE# [Graham-Rosenblith test]

77 ¢ AREREERE [Griffiths Mental Developmental Scalel]

b v MGG [Hit reaction time]

KA L Mafr [Large—pellet test]

~ v = —DO/NREESIRJE [McCarthy Scales of Children’ s Abilities]
B 0 Mullen A4 —/ L : AGS Ed [Mullen Scales of Early Learning: AGS Ed]
By 7 4 ——~ o ZfidE (CPT) D/ 7 4 —~ A [Performance on Continuous Performance Test]
L— 7 R4 [Raven Test]

Santa Ana Form Board

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

NI L MY [Small-pellet test]

AH T F— e —a b —# [Stanford-Binet Copying Test]

77— 57— K (TAC) ## [Teller visual Acuity Card (TAC) test]

ML ANAAL XY [Trail Making]

BV T FN=T REFAR—T L— R OEIFFEMRT A b [University of California Berkeley Preferential
Looking Test]

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

T4 AT — K37 A b [Wisconsin Card Sorting Test]
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14. FRRISE B

BARTIE, 29D R DR a2t T D REITBEODRZREL T (P 7t a X
YA 0 249, 1QR 126-1728) | T — Z fitHT — & _X—Z TIL399DE B D3 a3t roii=z, D 5 H67%
FI =y RXET AV NEDEO T, 10DOMEEREEENFI S THY . ZOHFTHFICHEIS
EREYTREEENRE N (N=9) , OB BIZR LN X2, BKBOERIINRZVELELT
B T 2HEAEIENREE 72D LTS, 20RO 5 b Fillf & 28— MFEICE R LT
WD DIE6IED R T, 120FIBBAIE Th > 7o, HE I NI T 23 7 X Ui Lid/h
&<, 35~47, 56 ADHFIPHTH Y . e KDOHFZEILSingapore Chinese Health StudyTdh o7z, ZZ T
1%, AHS (6) D & 5 72 Z D438 T K < B AT KREUBEL 22580~ & O IR D KB 72 7 F A 2 & 8152
i, 171 (68%) DORFZENIRENNE BAFME L T\ e, & 512, IEKBONS A~—T—ZBT 5
FBREFOMIEDFEIL, 22 TEHE Y Bz otz (N=8, 34%) 23, MEORFFETITIEMIZ L D
TEMIE BEFML TV, RELZIETIEREEDI T IV —% K£H T TV —ZFHLE LW
DO EERMEDRE L L HITR 18 TR LT, T —FDORE—M & [FE S NI D 7T
b, T—H OIS (AXTF VT R) [FMEIZOWTORFE LT,

14. 1. BFFEEH D 72 IR 2R R

INHOREL, FEPRMEMRMEESC Y L a A R—v A BHEMRE (FEV) 7R EDZEDNA F~
— BTN Z T, BFZEEN D74 X 508, RIS ER SNZIRFT AL £ T, i efFRA2INE L2 b0
TR SN TS, ADVAT~T 4 v 7 LEa2—Tl, DENCREFSINTZET A (20064FELL
Al & D ZAREIC T H72012, 2O DEBICETAURNCEESNTAZT T U ¥ A TR L
oz, KBNS, T DB A HE IR/ NE L HRHICAEE TR o728, D
DOFINERNTITAE Th o T, DTN E < EROIF L A EDBEEMFEHA (Agricultural Health
Study: AHS) HDHEDTHDH I EE2EZDHE, ZNOLOBEIFERICHIRTALERHY, 25D
TSN T, BEIFBELINOORRELE OMICR Y 2B A2 RIRT 5T BT A TR0,

14. 2. Hg B

IMEDIFFEN T BEME L OBHEZFHME L TR Y, o 7P XD RfiEiF402 (IQR 127~
724) T, T —HF =R ZF 196D RS STV D, UL EORFFE SRR T AL, 353D
204 EOWFSE TIRIE < BRIXE AR CTRIM S v T e, il 2 DRIEOFHMIX Z k2o 7= 0 | DDT, /XT a2—
F.Z BLE U RANL OB ESN TS, DT, 7 B b E U R A /8T a— &RV T (3 19),
A ULl AL 2 N 2 4 DL EORFE T, oo H— o 23K L B3 2 81 4~ — I — L3l S T
BoHTP. EEIBRHEAITITOI TR,

FIRFEEZR 5 SDOWFIET DT ~DIF FLMHE L OMEAZFEL LS L LA, BlEianT
BB I AR —MEE R T 2 & R FEHICAEE Th o 7= (OR 1.29, 95%CT 1.14~1.45, 12 0%) (X 32) .
Wiz, FIHFTREZ26 D DT ONT, N T a— h~DIEL B LR L OMEEZFHEL L5 & LR,
BRI RE, AY—ME2RT O THRIMICER ClX o7 (0R=1.40, 95%CI=0.95-2. 06,
12=53%) (XI33) , &#&iC, FIFFTRE/RE DO T n B U R A~DIEL # LM & OBE 2 54
LESELER, BIEINTERET. A2 R UKRNICEE TR (0R=1.03, 95%
CI=0.82-1.28, 12=0%) (X34) , AZT7F VL AOERIZFICAHSICE AL D THAZ L, F7-. B
ZRl, T L — - FET L LR BRI SN TWAH T2, 4 DPBAMHSIZE L TWA Z & ICiE
BENMETHD, o, AXZT TV AORERIZ20064ELUEICEESNIEZT —ZICRESNTWNS Z
EDLRBOTND, LTEN-ST, DDTIZOWNTIE, TN DREEA~DIXL & EMmE & OMICHHICER
P EEOEAZRBT ARIEOTET VARG D EfEiwmfiT 7N, 7 ARRE T a— T
DNTIEE D TRV,
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# 18 : (LB EZOMFELEEDOE LD (N/A: 72L)

FFEEK AZTFIVURAER  LRNCRRINTZAZT
FIU TR

0% 2 No N/A

Bl X 1 No N/A

W% - ¥ 2 No N/A

1 ¥ & (FEV1) 1 No N/A

FEV1 / Z5 ) PEffivE & (FVC) 2 No N/A

s B, 9 Yes N/A

&R SUE 3% 5 No N/A

R it 2% 2 No N/A

T RGE G E 2 No N/A

Praf R— 2 1 No N/A

S 2 No N/A
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F19: AFTF VU ADORRE 72 5 EERT DR

w5 B XL BE 2t 27
 E

DDT
RESP_002 2006 =—m v /< ak—k  BaE NA Fw—F—  Yes/mo  +++ 402
RESP_004 2008 7 XU AT e LS Yes/no  +++ 936
RESP_004 2008 7 AU Tl T2 R Yes/no +H+ 946
RESP_006 2009 7 AU T [iEs RS Yes/no + 4391
RESP_006 2009 7 A U7 T [EES LS Yes/no  +++ 4468
INT a— [
RESP_019 2009 7 AU AT [ES LS Yes/no  +++ 134
RESP_022 2012 7 U7 AT e LS Yes/no  +++ 125
RESP_004 2008 7 XU AT e LS Yes/no ~ +++ 292
RESP_004 2008 7 XU AT T LS Yes/no  +++ 294
RESP_006 2009 7 AU AT e B A Yes/no +++ 3096
RESP_006 2009 7 AU T [HES LS Yes/no  +++ 3108
VA=V 2N P
RESP_019 2009 7 AU T [ES LS Yes/no  +++ 134
RESP_004 2008 7 AU T LEES B AR Yes/no +H+ 1017
RESP_004 2008 7 XU AT e LS Yes/no  +++ 1019
RESP_006 2009 7 AU AT e H AL Yes/no +H+ 2174
RESP_006 2009 7 AU T LiES H A Yes/no 2199
EFSA X1 iRl 2013 :EN-497 79

846



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

Shudy
o
I
i
RESP_D0G e
i
RESP 004
|
RESF M ——a—-—
i
HESP 006 e —
'
i
RESP 006 ——
i
Creenll (1-sguaned = 0 0%, p=0475) ®
1
i
i
'
I

DR (25% CIj

118 (1,04, 1.35)

170 {106, 302)

1.38 {001, 209

142 {083, 217}

LA {108, 1.82)

1201 14, 1.45)

X 32 : DDT X< BIZETHIBHMEMMED Y X7 DEESRAFZTF I VR (BFFE6

L 10 IXEEREMEOHEY 2 5 R)
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Sy

in O (% )
i

RESP D04 — 1.50 {0 A3, 4 35)
|
i

RESF_ D04 . 1.60 (0 78, 3.24)
]

RESF D06 —_— 167 (108, 2 66)
i

RESP D04 —_— DU {058, 196)
i

RESP_010 4 090 {0120, 4,05)
i

RESP 022 : 2 18 0540, 4 BOY

Ovetall ()-nepianed = 53 3%, p = 0058) q\:r/"/,\' 1,400 {005, 2 06)
i
|
i

HOTE Wieghts ane om rmndom effects anasbms 1
i

L] . L} 1

5 1

33 : T a— MIKERITETLER

5

A (W52 6 & 10 [ZBREBEHZEOHRYD 2 R)

EWERDY RT DT FLHRAZTF V¥
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RESP 004 #—_

BESP oid ————
RESP 008 _—
RESP_ 008 —_—
RESP_g13 {

Cwarall {1 sasres = 0.0%, p = 0.60] <>

O (e 1)

136 (0 18, 2 34)

0.5 00 58, 1.50)

106 (062, 118y

056 (06, 1)

060 70 10, 2.60)

103 (082, 1 28)

34 : 7 YRR BIZETHIHEREWEDY R DEEIEAFZT T IV
A (FFFE6 & 10 [ IEEREMFEDOHBED 25 R)
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15. FRAEFER R

R TIX, 150D RNEF ORI T 2 IR BoRBEFHEL CBY (v
T A R 596, 1QR158-12263) | 7 — Z fliH T — &~ — X TIL368 DB D 4341 A3 T 4L T
Do, Ay D3TA— 1 N T XY HOWRETH Y | 1TORERE BB P S v, K5y 2SR ik he
ICERAZ YT T (OBFE, 246D5047) . O BIZ RO L Ko IC, XKBEDOERITNRV B F
HETHY ., T—XREIH R Z 5 2 T\, IO O H 5, Rilf & adk— MFEIZS A LT
WD DIFHED T, IR D60% IIHEWIFIE CTh > 72, E INT=oTicBIT 5% 74 XL
LIS, 66~112, 683 NDHEHATH Y, I KOMRITKEOHK AWM EHETH o7, T 2T,
EEMFEA (Agricultural Health Study, AHS) (41F) DX 972 Z D3 ECL ML KFE e
N ORI D 7 T A2 bBIE SN, EZBROTT X TOMENIREEIL S ARG L Tz,
IO, EKBEOAAS A ~—I—IZHT L EMEA T OMAEOFEIT. T2 T EY B2 -o
7= (n=2, 13%) . AE LSS EREBNT I —%, KEH T3V —ICHFG LIEHROEK L &R
MODRE L & HITR20IR LT, T —F ORE— ML [FE SRR D 72T EOREIT
ONTHT =X OFIHEA (XX TF VU T R) ITbh TRy,

15. 1. FBEnEEsEE

M DBFZEA IR < i L RABERE & OB AGH L TV, Tt A KO JfEIZ80 (IQR
141-205) C, 7 —Z X—R(TIE2460F D IEBA I S TV D, AR < T TOBFEA BRI T,
TEORHE CITE R TIE BOFHI SN T e, il x OREOFMIIZELERT, AHY L RE2ED
— AR A T Y =S K0 BEICEI S AT e, B AT AR 7R B 0D B F RO IR U L HAAL & F N o af:
L EDORFZE T, B0 EER L B 5 N 4~ — b — Ol I3 T b TR 63, EENARHEAIIT
DTV, FEER RIBERE ORHMI L — IR B0 7 3 ) — MK 2B TH v | FIJHFEEZR 15
DL (F221) THEAENTZ6200Y — /L L B 7 — LD SkEM: L EHEMED T, AFE STV 5 SO
FERZ RN DEREMICH AT DRAILFEY DN D Lo TN D,

Z O TRKOIIL, REOR WA & AR TEIERE & O OWELER 72 B A 37 L 72 AHSO#
#E (IDNPD 014) TH VY, BEMMFTIZINOICHEET IMRELITToTND, EE DL, [HREKER
E—MOREDOAFEMA A EEEL T e EEL TS, = e 73, EEdE L HREED
TARNDNRT 3 —<AMETEARICEEL T\, ~7F 403, HROEEELEOT A Foss
T A= AR T EABICBEE LT e, WIS, SHEEOAK Y VREBIETIE, MAEKROGERLGE
NEZgE N, BRI, 7LV RA kA RTF AU RL—F, T RT7RAE VIR
AFEBEFE LB OM ELBEELTRY . 7 <R ATEEEE LR EEDOT 2 O kL
B L TRY ., T F A IFEREE I OT A hOpiiffm L E B L CE Lz, 2R, A1 >
FREFEOMER LT A MR T & OMIZIE, ZO&EBOBREERZFOY T L Cld—B L-MiED=
BT U RTR N 0T, TRHDIEE A ENE IR L o2l & L TE. BEORER 2N
TR, RV ERER R BEIRGE I ARSI L TV D ATEREN B 2 B b,

Tex DV AT=T 4y 7 LE2—TiE, DHENCEER SN2 BT A (20064-LART) & O Hls A AT RE
[T D70, 2D OFERICBET 2 RNCHERE SN A X T U ¥ R IR L7y o 1=, —RA9IC,
PRSI B B DA BRII RN E L, BEIICHE TR o 1288, WL O OBIA E R\ T
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TEETHoT-,
LB T, OS5 EEETH L, OO BRITEEICHRT 2LERHY, ZhbDT —H
IZHESWT, BEEICEL I NLORELOE#EZRIBT 5T BT AT,

15. 2. FRFEELDI D T2 MRS f

INHOREL, S OCHIBMEREO X 5 RIS ER STV D RIS e T X D ERRFTA
DB FLHESC AL MES O X O MR EZ PR A R TREL S EN TV D, Fix
DYAT<T 47 LEa—TiE, LENCERI NI ET A (2006 ELART) & Ol A ATRRIZ S
B0, ZNHORBIZBET AURNIREI NI A X T U A IHEGR Lo Tz, — I, Zh
B OB T HERITNRI NS | HEHICAEBE TR o7 (DEOBISNERL) . T D%
%<, FEROZLD MS oD HEDTHDLIEEEXD L, D OFRITEEICHFNT H0LER S
D, INHOT—ZIZHESNT, BEIFCEL INOOMREOMORYREEL RET 5T
AN,

& 20 : BF5E L RS EOE L O

i BroEs |
L 3

EE) - GHRREES 1

RSN EE 9

AL 4

iz (EEG) ke 1

R 1

o NS P 1

o R 1

x5 1

TR RRAF PR IR 3

SRS R 1

S kB 1

WEEN A T A ¥ — 1

R P ] 1

REM HERRATENEZE  (RBD) 1

1Rk 1

H Rk 3
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Fz21: 8

HIMEEZFMEd 5 16 O THERINT-EEBDER L Y —/V (BARS. 1T

BERAATFZE S A A, 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)

HROESR - FRY—V \

Efi#=R (BARS) [% Correct rejects]

FRINIEEIRE (BARS) [Selective attention latency]

t v b (BARS) [% Hits]

SRINIEE B (BARS) [Selective attention trials]

J =—,L (AVLT)

v—lr A A T A RMERE (B)

[Recalll [Sequences A test performance]
Ak (AVLT) = U AB T A MER (1)
[Recognition] [Sequences B test performance]

k=% Y 22—/ (AVLT)
[Total recall]

SUTNT 4Ty MRS A7 (BARS)
[Serial digit learning task]

AR N ARTEEREEIRIT A b (BVFT)

[Benton Visual Form Discrimination Test]

VUTNT Yy NEET AR
[Serial Digit Learning Test]

Ty T A L (FBRAAKRME)  [Block design test]

HHAOO R EBR (ns) [Simple Reaction Time Test]

CALCAP®ERT A L [CALCAP choice test]

ZEM] A /X7 A | [Spatial span test]

HEERERBR A 2T (n/s)

[Continuous Performance Test Score]

A MN—TTFT AR
[Stroop test]

#17 h®=Z— [Counting errors]

Y~ —A2F v 7 A (BARS) [Summary index]

FHIEAE N (BARS) [Digit span backward task]

FLEHIEHRER [Symbol Digit Substitution Test]

$5HIFENERE (BARS) [Digit span forward task]

FLAMTIESIE X A 7 (BARS) [Symbol-digit latency task]

HEfED 2 a7 (1)
[Digit-Symbol test score]

JERT =7 U2 K 90 GETI (SCL-90-R)
[Symptom Checklist 90 revised]

FRERIF DI (BARS) [False alarm latency)

LA AXBT Ak [Trails B test]

o EEhHIEIFBR [Fine motor control test]

SEEWMET A I [Verbal fluency test]

T4 =%y 7 (FlETF) (BARS) [Finger tapping]

WAIS-TI#2 |41 [WAIS-III picture arrangement test]

T4 H=H s FlETF (BARS)
[Finger tapping, dominant hand]

WALS- I 35
[WATS-TIT arithmetic test]

T =2y s GEMEF) (BARS) [Finger
tapping]

WAIS-TI#Hf# /7 [WAIS-III comprehension test]

T4 A=y 7 ZHEIZFEEHNT (BARS)
[Finger tapping, alternating hand]

WATS— T Z &R e
[WAIS-III digit span test]

J1—F v Rx—3I 75 Ak [Graded naming test]

WAIS-TIZF =R [WAIS-IIT digit symbol test]

A& ORI R— K, XY RTFORA2T

[Grooved pegboard, dominant hand score]

WAIS-II 7 )V A 4 —)L 1Q
[WAIS-III full scale 1Q]

t v R (BARS) [Hit latency]

WAIS-IIEXpErdn 4 38R [WAIS-111 graded—naming test]

~ v F Y7 (BARS) [Match—Sample]

WAIS-TII¥E{L [WAIS-II1 similarities test]

N100 ¥#HF (ms) [N100 latency]

WATS-TIZE#E [WAIS-III vocabulary test]

N200 ¥EHF (ms) [N200 latency]

WMS-TII B BZESCE [WMS-IIT auditory delayed memory test

P200 #HE (ms)
[P200 latency]

WMS- IR B H IR e
[WMS-I11 auditory immediate memory test]

P300 #EME (uv), Cz [P300 amplitude]

WMS— B R #93% [WMS—-III auditory recognition test]

P300 OEF (ms) [P300 latency]

WMS—IIT 305 « 2T ECAIPEE [WMS-T1T letter—number test]

4= (BARS) [Progressive ratio]

WMS-TI AR5 O R ZEZE 8 [WMS-T1T visual delayed memory test]

FOSHEREIEE a (BARS) [Reaction time latency a)

WMS—II#5% BIiEERER  [WMS-I11 visual immediate test]

FCSIREEITEEE a (BARS)

[Reaction time latency al

PR R  (BARS)

[Selective attention interstimulus interval]
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16. BERIA

R LT, BERFEBE I 5 BEIE BOME LA Lisinsudesim (o7 o1 X
JUfE : 430, IQR 192-1721) T, 7 —Z 7 — % ~— XX 125 DEBI O 3 HriE R 13 B ST,
A ORRFEBIHELEE A TN S TR Y . VIBEIRIE (n=93, 74%) IC K& REIGEZ D TWIZDIZH L,
18D AT TIE2MBEIRIFIZE AU THN TV, fHli SN 7= T DM OREIL, BiBERP (n=10) | 4E
PRBERE (n=2) | TOMD T N3 —ZA KOS AU CEERE (n=2) Tholz, FillE 2R — M
FMEDOR T, KREBUIHIT A > (n=15) THo7=n3, SHITIEBIR R, 41X 2 A — N PNIE BT
A LI TH o7, KREBROHIETT AV AT TEY (n=15, 65%) . ThHF%EIXa —n
vRXNTHY, TVT NIIEEDOHRTH 7=, 2 2 TIE, AHSD X 9 72558 T K < 515 A7z KA 22 A
D DO O KB e 7 T A 2 — 3Bl a0 T, 3ODFROHRPBIEIZ BEEFG L, 7%
DITREEIE<E (0=19) FIXZOMS (=1) ZHFE L, IHIC, EHBEONAA A~ —F—IZBT
DD & DHFFRIZRITIR H AV T WA, 10O BFE TIXE K & A A~ — T — Ol 5 O ®RAE
FNTWe, BHELCRRLIEEN T I —%, HEAT7FY —ICHFE L0 L L ik 22 (2
"9, DDE & DDT [X<EEE 1 WUBERFI, DDE (X< HEL 2 MPEIRIFIZHOWTIIA X T T U & A3 AlhE
Thol,

16. 1. 1 BUEERYS

VRUBE R 69 2 RO R B AT L 72 J81E 3 e (o 7 v AigefE 309, IQR : 159-
398) . DDE & DDT IZFBIZOWTIE OR DAX T F U T ANARETH - 72, DDEIZ DN T, 9ffd
WFFERY o Tt A X JLfE202, 1QR=142-334Toh o7z, Fx X, (AEZR) WHHEEL (IRR) 7. 1%/
L. DDE#kBRD fie BATE & i FALJE A Hl L 7AiM A E A2 E 0D Z LIS TE RN T, R ENH
FIORIZ, 7> & LNEET V% AV ZDDEIEL # T1.90 (95%CT @ 1.25-2.86) Th o7z, THEEDRYE
—MERBIE S 7 (12=49%) . DDTIZRE L Cld, 6fFORF N AICRIA ffE7e T — & 2> Tz (F
A XRYE 577, TQR @ 27-2-2163) 728, 1.76 (95%CI : 1. 20-2.59) OEHKIZN RN FF LI,
IR E AR —ERBlE I (12=76%) RO ERRRIL, ZhRHEEHEOFHRITHER S
NIERDIESBEL_NVTHD, TUFLHPEAZTF Y ATE, 1BBEIRFY A7 OHEMMAFET
HENWHITETUARHD LTV R, BIEINEARYE 0D, ZOBEIXEBEICHRIN S X
Thb,

16. 2. 2 BUBEIRNS

DDEIZ < i & 2RUHEIRIG U A 7 Z il 3~ 5 72 OICHFE DIFFED R & Ip o7z (o TP X
471, TQR=292-642) , Z L5 DOWFIEN HAF LI EHIORILL. 30 (95%CT : 1.13-1.48) Tho7=, ~¥
BRI N2 o T, BRRE R, R EOR=1. 30 (95%CI=1. 11-1.52) % it L 7= JE 5 A
JECFER ST D, DDEIX K BOHPEIRIFFIED Y AV RFThdZ LA TRBTHTET R dd
DM ZHUINBERFEICEE S b D TH 5,
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F 22 AFRU LDV T IN—FZ L ITHERINHEOEE (NA : FFRTA)

B BFoEsk AZTFVLAEN HMEDAZT TV L RER |
1 FUBE PRI 13 Yes NA
2 U R Ip 6 Yes NA
AEURBE PRI 2 No NA
A A e TV a— AT 2 No NA
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Shady

[ 1] OR (B5% CIj
i

DA _ 00 'I—-l-— 430 (181, 10.24)
1

DA_Daa : - 2,40 (0.70, 8.26)
i

DeA_000 ——— 263 (120, 570
i
i
1

HA DOid . - 256 (007 13.07)
i
|

aa_015 — 1.8 [0.05, 3.58)
i

CHA_O10 —r— 100 (1,13, 310
i
1

s 018 —_—— 0.90 (032, 255)
i
1

EiA_020 e ———. : 08 (a1 46)
|

Creprall (b-squared = 49 1%, p = 0,058 <> 185 (125 2 b6
|
|

MNOTE Wisights am from mndom offects anolyiis :

T T T T
5 1 2 & E
ooV axposLre high eaposuis

X35 : DDEIE < §& L 1BUBsRIR & O E DY < Y —F v X (0R)
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Sty
€] O (95% C1)
H
DuA_Doz —_— 246 (1 45, 4 16)
i
'
DEA_D0m B a— 160 (068, 365
H
L]
D 00 J— 2 L0k (S, 13T}
'
H
DuA_01S ———— 240 (142, 4.38)
i
'
DiA_O66 _— 1.06 (1 29, 2 6}
'
'
DiA DR - 120051, 3.4}
'
Cvernll (s = T6.7%, p = 0.001) <> 176 {1 20, 2 50)
'
L]
'
HOTE. Waesghts. o rom randiom effects. anadyss :
'
T o T T T
5 1 F ) 4 ]
oW EpaELE hagh enprsame

X136 : DDTIX < & L 1BUBERIR & D DY~ Y —F v X (0R)
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Study
[ 0] DR [B5% T
.
Daa_0ar —— 1300111, 157
i
i
DA 013 —*':—' 100, 155
'
i
D021 : 210070, 6.3
i
i
I
DA, 02 +— 1.75 (0.86, 3.19)
|
Owerall (laquared = 0.0%, p = 0.458) @ 12113, 148)
i
I
1
i
MOTE: Wiesghts are from mindom eflects analyss H
'
T — T T
5 1 2 4 ]
Faflon Eepung Figh &xposine

X137 : DDEIZ < & L 2BUBsRIR & D DY < VU —F v X (0R)
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17. JEERZBER

HEROMAEZE (OHEEZE, At l) | LiliE Y 227 RF (FE. mE) | £oMmo.oimEE
B ARy Fa—»4a B 258, ZLHDOWVTAUZONTEH, ZUETOAZTF I
AEFE SN TR, ZORMHU L E 2 —CRES N BT VA, FRCLmE ) A7 R4
BRI T 2B AT < R L TW DA, o 7 ADREIKITMEE SN TE O, AMERICRET
DRERTIRIROENTEY | A EHEOKENMLETH 5,

17. 1. EERLLEHE

LFREZE (ID CVD 005, ID CVD 006) | AAHERA A (PAD)  (ID CVD 007) | fiz<H (ID CVD 008) .
BA LI E (ID CVD 009) % & Te5-> DAFFE)S B 70D i A& B8 2 345 L 7=, Agricultural Health
Study (AHS) 1Z2-2 DRI & 4347 (ID CVD 005, ID CVD 006)  National Health and Nutrition Examination
Survey (NHANES) [&ftho>2->DFEWr o34 (ID CVD 007, ID CVD 009) Z#2ft LT\ %, OipiEigEIc B4
Z4F5E (ID CVD 005, ID CVD 006) TiX, AHSO BHED LFEZEL TR L BIEMLH (EAEITZ 72
) L OB AR T BT U AR IR0 T, FERIS, AHSOZLPETIE, RIEOMA & DAifgE L
DR ZRBREITERD SR - T, FHE S 2THEOBEED 5L, 7L YRR V<R A, B
WRT T, ABTHRI XeT 4 A XV N 7TV ST BN MO IEBIER) O
e L A EICEE L (ID CVD 006) . Wb i@ A > Rk (1784 E) 2R L7y, el
DIREIZ L DABEORER S E-o T2,

BIORTR EHFZE (8) Tik, Mzsh & OB C2IRHO B A BIGYME (POPs) ZFA#E L7z, BE
HORKZEF U 2 7 K12 fi5 U=tk WHREIF 7234, 5, FHE6H0RY e~ == (PCB) . p.
p/ -DDE, NIV AR/F 7 a /A7 X 7ana Xy p-UAX T rpigE A ERNET D) RS
EHBICTHLZ, 006, RIS BOMECTHIATILEND D, KEBIRESR (PAD)
Fe OB A DA RS, KA 7Z2NHANES =2 A8 — | "CPOPs & 0 BH3E# THFZE S 472, PADD 72\ iR & Lt
8 LT, PADD & 2 BBRE CIIAMIER R BRI ORENAREITE D > 7203, B TRV ERE TIL
BIIFRO bR olc, HELMERBIZONWTIX, 7 vLT rORIEEZRBEEP L S, Bl
72T A4 EHOHRBIZL 2 LMERBOZD, ZN6OFT ITEREIZERT 208N H 5,

BRI, BEXKELOMEREL OMOMET 7 o 21355 < . RICABIERRREICEPL
TWa,

17.2. LMEY X7 RHF

17.2.1. M

SUEORFZE SR b i E O BE N A &= (ID CVD 002, ID CVD 003, ID CVD 004, ID CVD 010,
ID CVD 011) , 1#FDAFZE (ID CVD 011) TiE, FAWAOZRBFZER T T\,
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FTANTORREIIER /DS, BIETCEEMEL OEZRRY 5 LD TIERN- T,

17.2.2. AZRY v 7 v Ru—AOERESR

MEDRFZETIZ, JREL~L, I a—R A LAY LU Eate B BICEE LZ A Z R Y
v 7y Ru— hORRERPRAE S vz, MEEZERS T TONE THBERREEA~DIX BT
HEN, WS ONDZ FTALIEE LV ERIZZ N a—ZAL~Lt ORERBEENIZES L, &b
BEOEWWTET AL, Al & CARDIA (Coronary Artery Risk Development in Young Adults) Hff%E
(ID CVD 016) 2"HAFHIVTUN D, CARDIATIE, FRx e KR+ 2 Fi%E L7, 2042 H (Zp,p’ —-DDEA
BbLb—BLTMIZUERYU R, £ A UBPMEDOR A G AL 2 AT /VEHIE (HOMA-TIR) K& V&%
EVAREH HL) abA7e— VO TE2THLCWe, £/, x> rnarsry TR T
L, ~FH a8 h N 7Y RY Ko EREFRICTIL, &%, PETIT bV ER]
KRR CIE, EL2m A R (EELHE) ICHEICESBEISNTZSMED 7V 2 — AFEIOEVDH
BINT, TOME, ELArA MESBEIND ERER TNV —ZARE OV A7 R@EEDLZ &N
RENT (0R = 1.48, 95%CI = 1.24-1.77) (ID CVD 021) ., L2 L. ZOWRIZHAMXTHY .
PRGN T2 BRATERVD, 2D OFERIIMOEM THE THEOLER H 5.,

17. 2. 3. EREEMET T v — LEEREE{LE

HE~_X— 2@ Prospective Investigation of the Vasculature in Uppsala Seniors (7 7% 7 &
EE O M RICET DRI FHA) TiX, POPO LU IEREME T 7 v — APEEhREE (L IE & B L C
WHNE D I EREMIFFE CIA L=, fEERT OPCBL~ULE, OME V A7 K1 &3 mEAfRIC, 771
— LPEENIRAE AL MEBE AL & NIRAE S IR O E I RS PE & B L Cuie 3, BEE Al M E AFSE TR 9%
WD D

17.3. AZRY v 7V Fu—2ALEE

fEoBFZE (ID CVD 010, ID CVD 011) THEERIZISBEE A X RY v 7 v Fu—AfERL DM
HATAE Uiz, [ERMEEE - 5% A (NHANES)  (ID CVD 010) Ci, AR IO UL DORAS
1.0, 1.5, 2.3, 5.3CTH Y, ABERIE<EL AXRY v/ v Fa—AORBE L OMICAE I BH
NG S (R <0. 01056 1Ep) o MOIEF AL (ID CVD 011) Tk, ~F'F# 7 r /DB T
HEZ2BENED b,

R E LT, 120 OBEBr I ZE CREEIE < 88 & ARTEIGER £ 72 1300 EE O BIEME & O BRE A TRA S 47z,
F7o. 12F P10 OBFIE I A MR SRR B IE & IR F 721X RIENI 2 & OB ER A ST 7223, il
DT ADEIIZONWTIEIZ ET VAR Z LdvoTz, 3EORSE (ID ¢VD 012, ID CVD 013, ID CVD
014) <Tix, WIEMROREM & OB OAIRENT, FEY OFETIE, V=X MNEARE, &4&
fadk (BMI) | AR REIE ODTE 7 T V) LOMIZA GO FERBENRENTND A, =
BT 2 R IHEE e TR B AL TR Y | fERITBEE A RE T 5 DI E R0,
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18. L=

BETIE 11 ORXBEEIISBEORRCRA~DOEELTEL (P 7Y i - 1,986) | 7
—Z T — 2 RX—Z2TIL 318 OEBISHT A TN, Z D' 7 va i, BIRE FERER E DM
ARl U7z RO HREE TR S T\ D, Th ORI ABE AR LD ThH-IC bbb
FTLEIIHEETHY | ZEREOHIEALITOTICH A ORBEFRIFFIRE L TWDHD, HE VAR
TR0 Tz, FERIT, BRI E LT OB LR Z R L TR,
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19. SEREB/ B CRERR

BETIE, BEIX BENREREICKIETTELTE LimnE 10 (o7t IpRfE 196,
IQR 81-476) T, F—Z T =X X—ATiL 67 OEBIOSHBRITOIIZ, 60DHFFEILT AV BT
FEhE S i, 30OMFIE T — 1 v X TEMEI L, 1DOFRIET o7 TEM S iz, BEIR, AR
%, B U~ T xR, A MO A LR EDIRHIR Y A N EE TRk 2 R AN R 23
ICELDOBNTWD, 10DOHIO 5 LTOIEHIA & 27— MIFJEIZE K LTV, 2O DRI
W CTH 0 | 1D AERIRIRTH o7, HESNTODE9H OV > T ABIT N D 7a< | 19~532
ANT., I KOWFFEILCarolina Lupus Study TdH o7z, WFIEOYMTEIE<BAFMEL TRV, 1<
BDNA A~ = —IZHT HERIZ2ODIE TR L NTZA . 4D DHIFETIIANA A~ — 7 — L E A
DS EEH LT\ e, tOEBIALND X, EKBEOERLFIMINZEEIEILELTH
0.7 —ZREHRRBEZ 726 LT D, 2L EOMIE CTH—DORENFHTi SN 7o b i3 <,
I EE DS TIET — X OB IEIARARE ThH - 72,

K 23 : EREE OS5 TR S IR

R

BN RTING A B —uA X4 (114
EEIIES AvH—aA%13 (IL-13
HitkRk sy €3, C4 Gz F N R

LIRSS (A i BRAK

AR IMEREK UL oSERL~UL

W& R AF R ER

A~ Ry N/ ~NET RS FTFaTAXT7— (K Hify
LB —Txary I B EE

g a7y 1 (1gGl) BV v~

s a7 Y 4 (1g64) BHETY T~ h—T A
a7 M (IgM)
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20. 7 LIIVFXF—KB

8ODRRLEMITE T 59 >DMZEN, BT FEL T VL —EEE & OEZ & L, o
W TITREE T < BT AE S 4. 2 OB CIRBREIX < BOSIRA S 7z, 8EDOWFZE TRy 72 i &
THholz20, fEmITSREBRCE OO NA T AN RF VRSOV T, SHFDRFZEN
HOHREZR DT LAF—HaR, MEOZEN A CHEICXLD0E. R0 O3MFOIFFER B CH &I
KD BRI, SR . BT LV — TERE, FET LA —E2RAE L, T LA — kR
KIZBIT D4tEOfFZE (ID ALL_003, 1D ALL_004, ID ALL_005, ID ALL_006) THEFHF#HICA E 7ok H
DG STz, THHOFRTIE, HaRBRES T AT LAX—HER L ORICHE 2 BEN RS
ENTW5D, FFlZ, Agricultural Health Study (AHS) TiE, 7 L —MEafk L RERITHDH2,4-V
rman”x /)X URE (2,4-D) Z VAR — NEOHEMM, BB THLYT V) VR OREEAITH D
N INADOIEL EEORICARRBEENHREIN TS, Ll 2OMZICITZ DRADRH Y |
FEFITEERMRILETH O | FEROFTR A TCOFBRNLETH S, ORI, 7 LrF—1k
BREET VA —HEEBROIEREZXBITETWDED, o, BB RT A v OOIiE & EE
WROMOEERFN 2R DN E VI JRTHIR STV D, 2EMIE DKW IFOBIETIL, IREBADIE
F R OBE D ORIEE BT D7 LAF—MERIZONT, FMUR 7L DRI & 23K
WA 72 Lo bl TE R R (R, 12.50 ; 95%CI, 2.00-78.05) 28 &Tuw5b (ID ALL 006) ,
ZIZThH, ZOWRIIAEERMENMES | ALFEWE ORE TIT e B SEICEE L TER SIS
PRI BAEMICBEBR LTS, 2EMIC, 7 LAX—MiEEL B ZEICET 2T T 238
W,

EFSA 382 iR 2013 :EN-497 o5

862



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

21. MEHER

21.1. HARRYERMD

OB TIL, BIRIE BEHARRMA M (N2 MREE) & OERFHE SN, T3TD
RITIEGIR BT A o TH Y | o T AP A XA S (9~31004i0H) , 2 OBFFE Tk, K& 72
SR ECTHBERBENRE S, FIHAATRERIFROENB DN L L 2 OBFRORAN H
Do, MEERDAEwRAHT I EIFTE LV (R24) o b O WEOSEGIXH ST (ID APL_002) Tix, 2%
BIIHRE SN TORND, BEOPEDOAPNRE SN TEY, AR TIER» o7, T ORBIZET
FREZPONCT IO, SHRDITETVARLETH D,

K24 : PREZHE LT 2 SOEFNBHIRICE T 2 REISELEBERNREE

MOFERDE LD
ThL HTA 2 b
Study ID  |FRE L =& 95% CI |95% CI |4 —R¥k | —n 3K
APL_001 HREY LAl yes/no 2.1 1.1 4.2 21 32
APL_001 DDT yes/no 6.7 1.5 30 5 4
APL_001 J—/3 A — h yes/no 7.4 1.7 31 8
APL_001 RT a— | yes/no 2.3 1 5.1 12 24
APL_001 TSR < FE oD 23R yes/no 1 0.4 2.2 11 32
APL_001 EEEE S yes/no 1.3 0.9 1.9 64 238
APL_001 RV Al yes/no 2.1 1 4.4 17 26
APL_001 RT a— |k yes/no 1.9 0.7 4.9 7 20
APL_001 IBEMIXEORIE yes/no 1.1 0.4 2.7 9 24
APL_003 LS yes/no 2.2 1.1 4.7 12 23
APL_003 ) 3 yes/no 1.3 0.9 1.9 70 240
APL_003 HHD Al FREIE < 3 0.9 10. 1 5 7
SIS B L
APL_003 vrzmA R EREIE < 1.8 1 3.1 23 57
XL B L
APL_003 B Al yes/no 2.4 0.9 6 8 15

21. 2. MRFHI R OVELFRIZAL

14DWFZE Tl EEIE < BBIC B U 7ok & 22 MR R R OV EAL R b 2T~ T, IS — iR ik
HEEEZI UL ThHoT, VP EIT51~1, 215 N Th o7z, T 5 OWFFE O IE P A B A%
EThotz, 1ZEAEOHRETIE, MIKFEN/ T A —& L REIKIE < & & OO BB GHE £ 72
A A SNTER Y | pELSMIB R EITHE SN TH RV, T X TOMEIEIMEI = 7
AEREELTVD, ME SN OZ L BHHICHE ThO-ZICb b o T, ZhbDT —X
ICBET 2T U ARRONTEY , BUHEETHL D, BIEB CIIEREMRT <& Tidk
|
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22. FDMMDEE
BIRTIL 30 OFINZDOMOEEIIT 2 EBEIBOIRERE L, T—FHEDT-HOD
Forx ORI SE, TNOORBIZHT D AX T T U U ALE”MI N2 oTz,

21. 1. BER

IR BAVE HRRIE ETEELRHE LFRIIMTH Y. 13ORR L5 EIToT2, Fxid
SOOI —u v XORBIIIZE L 1>OT T O ak— MR ERE L7 (#‘/7/1/#4’7@?5’%1

IQR : 153-908) , T _XTOHFFEIL, I WO AR, A~ —h —CBTHERE & HICREIE BATME L
THEY, TRTOMRITEEESR~DIELE ®&%ﬁﬁbfwéoﬂﬁmﬁi&aﬁwmkﬁ%ﬁi
Ko TRl &z, 9084 DLtk a xR & Lk KOWFIETIL, p,p’ ~DDEANVE % B & B e 7n B & 7R
L. K208 Lo b BT HER S ey, 2 RITsHVW 2 LR EnT,

22.2. RIGHRAE

THED T D 5 B EFIT < D BFHEN RAT T 52 A L 2iiZeideft: (o 791 X gefl
356, IQR 26-2203) T -7z, AFOWFETITMMBAIT A BV STz, BREIE < I3 ouf
e TR S iz, WEBOERITZL L OEEG . BEWE Th o 7o, MRITITE A EHFHNICHRE TIER
Molz, 1DOOHIAEAFSE (ID SKD 004) Tik, M5, 042 A&t 5R & LizAraihazar D b 3 O R
MEWTIFZED & | BUEIRZ & R I OW TR ICABERDRENRE SN TWDH A, 2O TIE
ERIFKBLIHMOI SN TEY . ZNENDIELEONREXBNT 52 LIxREETH - 7=,

22.3. HRLERA

T AV I TIT O 1D OFEMIIFE TlE, 496 A\OBINE 320D TR S /-, Z O
s34 F<—J7— (ID PER 001) OfE#%Z AW TEREIE B AN Lz, 2 OWFZE T, AHEFHER (00)
FESRIX R JE P & R < Bl LTz,

22. 4. REHHERE

I —1 N TIT OB 22 Tld, BIRAREIER R Frlkk f(ﬁprorfyrins GEME?) OL~L
R TREATE L, 8O2DORHT 21T o722, AERBRITHME ShTnn, BEIXEIL, 1<
BRI D T D DAL = =T — 2O THTES T,

22.5. BYERERER B

VP DEFIRHIRRFZE CTlE, B3IE< 8 AL & OB RE ST\, = OB Cli A%
IR A Y T DR A DIERI 10115 & 23445 0 [R5 O et FRRE & Ui U7=, #5 RIIHE I E &
Tid7e<, BHEZRTZET AL IR LR T,
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22.6. IEARIEE

ZOIZN—TIE, BRORE ST T T EEN TRV AR ZREERNGTENL TS, Z
DT N—TINIMEORENEENTEY , I TENEE, AR Y A I 7 5fE Lz, T
B NIESE IS BT B3k o fFSE (ID GYN 001, ID GYN 002, ID GYN 003) [T J X THMITHY ., +T
AREREZMEL T, TERBRE & AREESRICET 2 120B15H 0 5 61O FIICAE T
bl BFEBREEAO BABMLE TIX, FABMLETEHKR L THFERBED U X7 »35(F (R =
5.3;95%CI, 1.2-23.6) Th oz, TOMEEIIKE L, MomimE oL ML L2HERLETH
Do

JRYEMREFEFRA (Agricultural Health Study : AHS) 7 —# & T, PARRRTO LM 5t5e & LIzhi
M EFHEICB N T, BERA~DIE< 5B & FREER & OBE 24 Lo, A, BERML, B 0B o
WEOHERIE = bo—L L%, BRE CoOMM ORI, BEA2HH U7z ottTidfss A
(HR 0.87, 95%CI : 0. 78, 0.97) | AR/VE AGMRIEZLH L7 ZMETIER55 H (HR 0. 77, 95%CI :
0.65, 0.92) N L7z, EEOHEMIZ, b OERIZESNT, ARFEROIZIE & BE LT 5 ATHE
PR D, LU, MRIIBBIE A 7 ARNN 04 WY LEFHBEALETH D,

22. 7. ERKRO—BEE 2R B

MR, R, OFEV, BUNREO—KNRERES OO RETHE LTz, THHORREOER
IIEFICHEL <, RERMEEELBEHL TV D, BFEOEIZPEENDRE T, T COMFENHRE
ELSBICBR L Tz, WL O OREIIICHBRERD/BIZ S NN, i shiT —Z R —
PELE 2O OZEICBET SRR D 7- 60, BLERE Tl ER 22 fE i I 1TREE .,

22.8. HElgEA
SODIFFE T, 18P B IR Ofs 4 K B e & OB e &2 04 L7z, 1 ORFZECld, DDEM ODDTH B 2
L FEA R L ORICHENCA B R RS Sz,

22.9. BHiEE
T A NI 1T B9 2 R~ — 2 OSE G RRFZE T, PRSI < 8 & A RIEDS & o B30 b
otz

22.10. JH{bEERA

JEERT S B TR E L OEATE L T HROMREARE Sz, T TOMFFEIIAERR £ 7213
JEGIRIER CTh o7z, MFEOMFZE, ERERE « REFHAE (NHANES) TIXAEMERICOWVWT, b9 1FOTE
T2, 4-v a7 = ) XUEHE (2,4-D) &85 a— hA~DIELBICHONT, B O TIHIAL &
BINTZEEODT IV —(ZOWTHENMTDITZ, ZHHDOFRIZR SN HR TEMELS . £<
DGEFHER LT, HIE BH LRI BHEOBROLYEOL PR EN TN, 1FEAETRT
DOIFZE T, BIEIII BESNLZIMEONTIEEESRE (Bl : v- I NVZINVET AT =T —F (GT) , 7
F=VT )T AT 2T =8 (ALT) | TANRTXUET I ) h T A7 27 —F (AST) ) O LR
NENMEE ., HERICAEERERENRE SN TS, LrL, T—ZDEDIKE LHFFEOEMAIR S
TWDD, Lomb & Licfmatid 2 EIETEd, 7 — X ITBEB CIIEEZ IZOONTIZIT T
H b,
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T

#9146, 000 DB U 2 HEFERI 2> D WFERIC ISR Lo R, 6020 R & fgal L7z, BERIX<ERIC
B U 7= S B O RFEIRIC OV T, THE TICBIIR SN2 E N7z, Fx OFERIT. 240
FHERFERNT I —2E0IEFITIEIEN AL MLERLTWS, ZHUE EEFHEORE L B L
EREICEZIINETIZLEALE R o7, &b —ROBREEIT. DAL TOREZETHL, L
L. MRREBSCATHEIR R & OREBEI T Y —CHEANEE > TV D, FIHARERT — 2 2K
BIZH Y . FIHFTREZ2 W OB L (6, 0001481 ) 1200 63, R S NI 71C >
WCHEE 7= D fEma T 2 L IXTE e, ZOREIL, ZO0BHOMEREDL I EHBET H &, FrIE
RBIRFER L o7, L L, ZOPMEITEREEES FICRIEICET L hE TOMNEE —H L TEY |
R RIIIZ S DRRABH O | T— X ORE— 0 DEE - 2 fma T 2 N TE AN L A3
HTWN5D,

SN TWDEIEDO AT IV —OFEPHIZIAND, FRIZZ L ORE, I ERSINTEBEDO DT
Y —IEFLTEY EANEORIKITITBEIN TV DN E RS 50138 L, HFE T, Bk
DEMCHINE S T TICELE SN TWLBELFET L2 LNBL 0, FBEFMOFEL LTS
T == EHT DI EITFEA E7 VR PR OME CIEE A ETH D, 612, ak
— MFFRIZZ OCERO T TIIEIRTH 0 | SEBIXTHRFSE & BERrAF R 23 x5 & 72 D SCOIRIX A UE
H a2 EHO TV D, EF RO 28 Tl RefIRIBIMR AR 2 2 L A TE e, B DK
RERICEATL2EMNT 2RI e TE R0, EKEOFHEIL, BZL ZNHONEOKR S E
TRITERMIRI CTh 5, R TIE, (X< BEOFMN & FI ) (TSR 5 FERHON LTV, 1ZEA
EDOMRTIL, BEA~OIEEBELZ, FHLZZ BB, HOWVTEMCHEH L2 &35
DIIRVINE VD HE RIS TV, 20X 9 R FEIE, SV ERICH E S, FRCg AN
THZEDBHAICIE, FROHHBNME THRE SNZIEBEN S VIEEBSEICENRHTLEY (U
A=A T R) o L VDT, ZOX D RERMIT, EFITEWIT EEOBERE LIEF ITERVWIT<E
BOWRELZXT D ENTEDND LRV, X BEOEBICO > TH/IE BOEMNT
Wi, HERISBROMREZITH Z LN TE RN, Eio, BIEAWT T Y — O RIEC— AT fE
HASN TR REETITESBORBENE WIS LILZWD, FrEDBEIEKTIEE 5 TIERW, X< &EHFE
R SN D ERIMO YRR SN TWA ZENEETH D, L, FETIE LA DS
A EMEO THCR) N—Ya UAMERA S TR Y X< BB S - EBEO-RKICET 5
BFEERPFONRNZ EDHD, SHIT, BEROME~DOFRKHI BIET N THY | FRICSHRDR
DINECDAEREMER S D, Bl ZIE, BEAOEEIXSEIL, <UBr, B8R, BA. FiEhi - RwE
IREADOIEL BEERFL T D AR E VY, BEOBEAZ A S 2MIT H7012iE, #EOmE ~01E
RBILLAIZMEEBETDHZENARAIRTHLN, ZZ TSz BT v ADEEZETIE,
ZHUIARARETH -T2,

IHIZ, TTCRESINTIMiEN /=T AL, B2 WE L L EREICHE SN TS A
REMEDS @\ BFZEIXIEE IS IREEIH O M &2 #is L CE 0 | 6020 D i 3L T60001: D43 Hr 3T il T,
ZEMNAREDOREIIWRKTH D, ZD DI ZEIGHMREDT-DIZHHET Z2LERHY, 5L
RN EFERITEWAGERICME SN D 2 812D, HEBRLIODGHT LITHON TV RWEETH,
OFEFEH THERINTND L DI, BIRWRHREPTON D FREMEITFICH D, S HIT, fREM
R DECIE, FRICEFEDORE (BARE) 12OV TIE, TET v ADKED BN E—ORFZEE & Hic
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AHSIABELNTND Z E B BEIZANLDLINETH D,

< FTEOERIINT, BIRFTROERITZ LG REFHEICBNTHRERETISLHDETEZRLTED,
INBFERDOIXLOZORK LTS, BELL, ZOLIRRNTROEEL2OIX, A& I
REFMEEFBOERTHA D, 2 ZTIHIEFICE  ORBIEEZENBlE S -, REBMERFREE L 1L,
FEE DRI O E I THIR & LTI T AN TWAE RS, v —h—F T HK
HWEMTHD, L, 2 OHAE, 2o ORBFEBFEZEIIRGES N TR LT, REBMREEED #E
IREF W T L TR, 2D XD s, BRFT RO FHIRT- & L TER SN D /Rt d 503,
RBEFR B O RAE LT - LTV AR, BIESH T ARWREMEFREEEICET 2= T o AT, MiE
SN TWRWRBRREFREEORRROBEZ BEICANTIHMEND Z LB RARTH D,

INHDORRAZRFHZ LT LT, BAITAREZETHRRINTEDET U RAZ2HENTHZ &2l AT,
I CHEMENZEERBIRIZ., 20O L E 2 —2320064E L EOHIICIRE SALTWD &) HET
HbH, ZNCEY LD ET Vv ADHRELE2—FT 5 ENAREE 2D | A X T U & A TFH A
BERTRTOTETFT U 22 G A TND DT TIERW-, FEFICIEBERMBRNS LI L 725, 20064 LA
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1 197 6 1.26 (0.93,1.71) 59. 40%
RV SV IO - 7 1.29 (0.81, 2.06) 81. 60%
AN EIE G O FEEEIT < §8) 6 1.67 (1.25, 2.23) 81.20%
AN GEgRI O R% duA)iE < §8) 5 1.55 (1.14, 2.11) 65%
AR AILE GER o mANE < §8-2 —F—2010 FICH 9 1.69 (1.35, 2.11) 49. 80%
)

ANVE RIS GERRI O A4 3K < ) 5 2.00 (1.73, 2.30) 39. 60%
AR E M IR O AR ER AL < #E-4 —7—2010 11 1.30 (1.09, 1.56) 26. 50%
G ED)

AR E M CHNEEIO ST < #R) 7 1.27 (0.96, 1.69) 61.10%
ANRE M ChNEEIOR AT < #E-F —F—2010 FIZHE 8 1.51 (1.28, 1.78) 0%
)

ANR A GRS E R AT < -4 —7F—2010 11 1.36 (1.19, 1.55) 0%
I HHT)

F23A (DDE (X< %) 5 1.13 (0.81, 1.57) 0%
B2 VAV 11 1.24 (1.08, 1.43) 0%
28 A (DDE (£< #8) 5 1.40 (0.82, 2.39) 59. 50%
B A 6 1.79 (1.30, 2.47) 0%
JFE2S A 5 2.50 (1.57, 3.98) 25. 40%
T 8 1.19 (0.96, 1.49) 23. 90%
(SRR (DDT 1< #%) 4 1.47 (0.98, 2.20) 51%
JRIE T (— 7 R3IE < B 6 1.01 (0.74, 1.39) 71.50%
JRIE T (FFEDEIKIEL &) 9 1 (0.84, 1.18) 65. 90%
Vi RE 6 1.52 (1.09, 2.13) 63. 10%
SR F Y U 26 1.49 (1.28, 1.73) 54. 60%
=% 5 (DDT 1< §E) 5 1.01 (0.78, 1.30) 0%
IN—=F VR (8T a— MELKER) 9 1.32 (1.09, 1.60) 34.10%
iy ZEE AN SR A A L 6 1.58 (1.31, 1.90) 10%
e E (DT 1< #8) 5 1.29 (1.14, 1.45) 0%
MiE (X7 a— M) 6 1.40 (0.95, 2.06) 53. 30%
M (7w e ) s 2 E< ) 5 1.03 (0.82, 1.28) 0%
1 #EPRYP  (DDE 13 < %) 8 1.89 (1.25, 2.86) 49%
1 ApEIRY  (DDT 13 < %) 6 1.76 (1.20, 2.59) 76. 30%
2 BUBEPRSS  (DDE (X< ) 4 1.29 (1.13, 1.48) 0%
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6%
f+é& I. MEDLINE (23T AILEBRBE T /LT 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 pyrethroidk OR pyrethroid)
OR (1, 2-dibromo—3-chloropropane OR 1, 3— dichloro—1-propene OR 1-(4-ethynylphenyl)-4-
propyl-2, 6, T-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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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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CHAMACOS (F+ ~ =2 A) : Center for the Health Assessment of Mothers and Children of Salinas

(CHAMACOS) , 71 U 7 A v =T MY U F AN L — T E Tl lm & € OFHEOREFIC R IT TR L
DOMOBRFHER OBEAZFHNDL Z L2 B E LIzaim & AR — b,

CT : {RHHIX[H

akR— MR VA7 RF 2o L, ERNSEEEZRIET 2 TREZRTELRVWADZ V—T%8
BINGR A9~ 2 HEWTHY /FiT A & BFZE,

&K ¥ (Confounders) : fEBAEH (X< #) LMNEH (BE) oW G LMEET 2 (EEITA
D) BFHE TV OIEBIELL,

BEWTIETE © & DR E DR R TOSIME BB OBEEZAITV, 1< 8 L B2 CRs CTHIE S 2058,

AERETFHINISE « B O BRI E 12T ILFRTH D098, FIRR L IX BEOIFLEFER CTHIE S
. ENbOBRMBHE SN D,

R (2 B8/ AR - BT 2 BsaE (ZIERNL, B A (1R / 0 k) ik AR E

(] WA e (120mmHg)) T 2,

N RHEEM/ A X B OR X 0 R

ESCALE : 2[E & &k~ — 2 DOJEFIXFIRAFSE [Etude sur les cancers de 1’ enfant] #kfR

Ty UHRNT Ry b VATIT Ay I L Ea—RRA X T F YV RITBT D HNA T A DR A T
REDDIIRFESNTTr T 7

ARYE—VE : A X T U R, U LEFED 7N —T BB AR R A ET 5720l S
%o LU, TBENFEOME %« OREEMITMBRIZ L > TEET 5 ; bOBREOETIITHEIN
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%, MBI, BRETTTREINDIUEDOEB R HLNEINTH D, ZO LD RIBEDES)
BAEL DE. IR LIRS,

HR: /~¥— Kt (Hazard Ratio)

P AZTF U RCBIT HRBREO—EMRORET, AE—MOMETHY, 0 (R—MHZ2 L)
o 1 (/e A —ME) ETOMEE & D,

INUENDO: “INUENDO-£ i D AWt E A IE R (LG & b MAETHRE, A XA v b LN OEMIZE
F DUER E COHIM & RIR OB OE . BRMNZE B2 (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) ()&% : QLK4-CT-2001-00202)

(http://www. inuendo. dk)) DIIEZZIT - ARFEICEETHINDO Ty =7 |k,

IRR: FAE R L

LQR: PY 53 AL [ i PH

JEM IS BB~ FY w7 R

MD : AR 7

AZTF Y A (Meta—analysis) : BRx 2SR FIEZ AW THIER R A A L. BLRTOR]I % TlddH
DB O & HHFEDORE R AR, BN, fET 57 1 2 E i3I,

Multiple testing (ZHEMIE) : EBRAVICER SN TRV, EITERAEGUI SN TR,
Z ORHREHREST D Z &,

SOVE  ERRZEICER T D HEEED S 7 R

ZEBFET IV 1 DL EORBEREZRFOMITET V. ZHDET MTIER, MAETRDOSH T DA
SR T OB Z S 5,

2R — N NSEB ISR @ Ak — R NSEBDG IR ZE Cld, &Sz 2k — MATHRAE LR EDIE
BIDNFIE S0, FAEGIOFBIAERFE TITHRELRIE L TW RV AR — FANOBFEOF NG,
HESINTHDO~ v F LIRBEBEREIN D,

NHANES : 2K [E] [E] B e R 2 i A

BLEEMIIE « BIEAFTE & 13, R ICXE T DIRIR OB RIZ O W THERR 21T 5 b DT, B 215K &
KHRBEICEI D 4T LM RE OEIITH D,

OR : A v Xt

HEDEHEEN : AXT TV AOER LIRHEEE, A X7 F U v AORE

POPs : ZRBAMEA BTG YL E

i WSS (Prospective study) @ & 2 BT RE A KT T AIREMED & 2 ERIZESWTEA (=758
— 1) DI N—TEINT DEFTE

il 7 2 (Publication bias) : HF5E#H . fRtEH . RSN, Bt (T RbLAERMALEZR
T) OFEBRRROBEZ, B (TRDLIFRERHEZ T 5) Eidmo bR VR R LI
RIRDBNET DA BE T AT A,

[BI48/ XA 7 A (Recall bias) : 250 HHCREER D FLIEIC K9 5 [BIAHD EHE SR8 S DFENIC
KDV AT~YT 4 v 2T—,
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KA DH BV TWRNTZD),
WAL (RHR) 20 3ET BIEFTE

EAMEHR : BMLEEAEMTEDPOBESLY GEf) & B
T, BEIEEORE TH S IR S Y | TORE L BT 5 WO & 5 OR Tz

N =
WTC, TDONDIFRREEFTIRD,
WRIFEEER - WIRREAGR & iE. RARBHRO Ttk = & T, 1X<ED

X< BRIZORMM S T=D TN BN,

RR : #Hxt U 27
FT7F7 47 « LEa2— (Narrative review) : FEERIRENESC, BFED by 71T+ 5 HmH0 « )

ER B A S0 T, BIEOMEBOEE /L SARET H7-DICELNT-
SD : A YE(R 2=
SE : fEUERAE

SN OTR N o Tm DD, BN

R EFE 2 (surrogate outcome) : FBREN ED L DI U TWH D, BEREL TV D, F72I134ETF

LTWODEEEIET 2000, E<HEORELTHT L2 LRSI ND b D TH DK

HNCER DB % = RARA > hORD VIR TR S 2 JEM £ 721 3 BRAO e,

VATVT A v L Ea— BET L EEMEARE, BIR, HERICEHME L. L Ea—IZEERD

WMIEN DT — & hlitt, ST 27200, KREPOPIRIZR G iEZ T, RICERL S

N-MEICET 2T 2D L Ea—,
F—TEDORRY  HOIFEGLORR - 7 FEH]

B3

UFW: KEES57#7#% (United Farm Workers)
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