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Background & Aims 
• Abundance of epidemiological studies investigating 

possible associations of pesticide exposure with adverse 
health effects  

• Systematic and comprehensive literature review (2006-
2012) to: 
• collect and compile scientific publications in which possible links 

between pesticide exposure and adverse human health effects 
have been investigated  

• review and evaluate each collected study in regard to its qualitative 
aspects  
 



Methodology - I 
• Search algorithm for Medline and Embase (and other 

sources) 
• Observational studies assessing the association between 

pesticide exposure and health-related outcomes  
• Any outcome 
• Any exposure type 
• Any study design (except ecological studies) 
• Any population 
• Any pesticide (excluded: arsenic, α, β, hexachlorocyclohexane 

(HCH), lead, dioxin (and dioxin-like compounds), polychlorinated 
biphenyls (PCBs), and polychlorinated dibenzofurans) 

 
 



Methodology II 
• Data extraction database around 7 domains: Reference, 

Time period, Study characteristics, Exposure assessment, 
Outcomes, Statistical analysis and Quality assessment  

 



Methodology II 
• Data extraction database around 7 domains: Reference, 

Time period, Study characteristics, Exposure assessment, 
Outcomes, Statistical analysis and Quality assessment  
• Different rows for different pesticides, populations, outcomes 
• Aim to exclude each time main analyses (not always easy to 

define) 
 



Overall results 
• 43,259 citations 
• 602 eligible 
• 6,479 different 

analyses  
 

• Great variety of 
assessed outcomes 
covering a very wide 
range of 
pathophysiologies  
 

• Grouped results by 
outcomes 

 



Existing systematic reviews  



Overall results – synthesis with caution 
• Pesticide category 

• Studies very often concentrate on a broadly defined pesticide 
category  

• Often examine pesticides that have already been banned in 
western populations and the European Union  

• Different levels of exposure (difficult to harmonise across studies) 

• Exposure assessment 
• Self assessment questionnaires (ever/ never) 
• Unvalidated questionnaires 
• Recall bias 
• Biomarkers infrequent 
• Co-exposure 

 



Overall results – synthesis with caution 
• Clinical outcomes 

• Variability in definitions 
• Surrogate outcomes 

• Multiple testing 
• 602 publications resulted in >6000 analyses 

• Different study designs (case-control and cohorts) 
• For many outcomes the majority of evidence comes from single 

study populations and the AHS in particular   

 
• Results are from 2006 onwards, meta-analysis cautious 

interpretation 
 





Childhood leukemia 
• 17 studies examined childhood leukemia  
• Two large studies: Northern Region Young Persons’ 

Malignant Disease Registry and national registry-based 
case–control study ESCALE (Etude sur les cancers de 
l’enfant): 
• 42 and 64 separate analysis  

• Most examined residential exposure 
• Exposure to pesticides, pesticide subgroups, specific 

pesticides 
• Previous meta-analysis: Turner et al. 2010 ‘Residential 

Pesticides and Childhood Leukemia’  



Childhood leukemia – exposure during 
pregnancy 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 49.8%, p = 0.043)

ID

Ma et al

Leiss and Savitz et al.

CAN_073

Davis et al.

Steinbuch et al.

CAN_044

Infante-Rivard et al

CAN_043

CAN_035

Study

1.69 (1.35, 2.11)

OR (95% CI)

2.12 (1.29, 3.49)

3.00 (1.58, 5.70)

2.10 (1.73, 2.55)

1.20 (0.60, 2.40)

1.49 (0.83, 2.68)

1.08 (0.74, 1.58)

2.17 (0.66, 7.11)

1.29 (0.80, 2.08)

1.80 (1.18, 2.75)

1.69 (1.35, 2.11)

OR (95% CI)

2.12 (1.29, 3.49)

3.00 (1.58, 5.70)

2.10 (1.73, 2.55)

1.20 (0.60, 2.40)

1.49 (0.83, 2.68)

1.08 (0.74, 1.58)

2.17 (0.66, 7.11)

1.29 (0.80, 2.08)

1.80 (1.18, 2.75)

  1.5 1 1.5 2



Childhood leukemia – exposure in 
childhood I 

Overall  (I-squared = 26.5%, p = 0.192)

Study

CAN_035

CAN_043

Infante-Rivard  et al.

ID

Lowengart et al.

Ma et al.

Leiss and Savitz et al.

Davis et al.

Dell et al.

Buckley et al.

Steinbuch et al.

Kishi et al.

1.30 (1.09, 1.56)

2.50 (0.83, 7.50)

1.30 (0.86, 1.97)

1.98 (0.59, 6.63)

OR (95% CI)

3.80 (1.11, 13.01)

2.15 (1.29, 3.58)

1.10 (0.64, 1.90)

1.50 (0.87, 2.58)

1.00 (0.34, 2.94)

1.47 (0.71, 3.04)

0.96 (0.69, 1.33)

0.80 (0.29, 2.19)

1.30 (1.09, 1.56)

2.50 (0.83, 7.50)

1.30 (0.86, 1.97)

1.98 (0.59, 6.63)

OR (95% CI)

3.80 (1.11, 13.01)

2.15 (1.29, 3.58)

1.10 (0.64, 1.90)

1.50 (0.87, 2.58)

1.00 (0.34, 2.94)

1.47 (0.71, 3.04)

0.96 (0.69, 1.33)

0.80 (0.29, 2.19)

  1.5 1 1.5 2



Childhood leukemia – exposure in 
childhood II 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 61.1%, p = 0.017)

CAN_036

CAN_043

Study

CAN_041

CAN_031

CAN_133

ID

CAN_035

CAN_032

1.27 (0.96, 1.69)

2.35 (1.10, 5.01)

1.33 (0.97, 1.83)

0.90 (0.52, 1.56)

0.83 (0.43, 1.60)

0.90 (0.69, 1.18)

OR (95% CI)

1.70 (1.15, 2.51)

2.20 (1.00, 4.82)

1.27 (0.96, 1.69)

2.35 (1.10, 5.01)

1.33 (0.97, 1.83)

0.90 (0.52, 1.56)

0.83 (0.43, 1.60)

0.90 (0.69, 1.18)

OR (95% CI)

1.70 (1.15, 2.51)

2.20 (1.00, 4.82)

  1.5 1 1.5 2

CAN_031 DDE 
CAN_032 Pesticides 
CAN_035 Home insecticides 
CAN_036 Pesticides 
CAN_041 Herbicides 
CAN_043 Pesticides for insects and spiders 
CAN_133 Pesticides 



Neurological diseases 
• 30 related outcomes, largest proportion on Parkinson’s 

disease (32 studies) 
• general pesticide (28 studies), DDT (5 studies), paraquat (9 

studies)  

• Small studies (largest study in the domain smaller than 
largest in cancer outcomes) 
 



Parkinson disease – any pesticide 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 54.6%, p = 0.000)

NRD 017

ID

NRD 016

NRD 019

NRD 014

NRD 029

NRD 033
NRD 032

NRD 026

NRD 018

NRD 032
NRD 030

NRD 027

NRD 023

NRD 036
NRD 038

NRD 058

NRD 035

NRD 028

NRD 056

NRD 020

NRD 034

NRD 025

NRD 015

NRD 024

NRD 022

NRD 003

Study

1.49 (1.28, 1.73)

1.10 (0.88, 1.37)

OR (95% CI)

1.39 (1.02, 1.89)

4.40 (0.50, 38.72)

1.70 (1.20, 2.41)

2.65 (1.34, 5.24)

1.12 (0.91, 1.38)
0.60 (0.30, 1.20)

1.30 (0.81, 2.09)

6.00 (0.62, 58.06)

3.90 (0.39, 39.00)
1.90 (1.12, 3.22)

1.30 (0.50, 3.38)

1.66 (1.04, 2.65)

0.90 (0.50, 1.62)
1.07 (0.59, 1.94)

3.22 (1.32, 7.85)

17.12 (4.97, 58.97)

1.61 (1.13, 2.29)

1.50 (0.80, 2.81)

1.52 (1.08, 2.14)

0.91 (0.48, 1.73)

1.76 (1.15, 2.69)

1.68 (1.03, 2.74)

1.06 (0.60, 1.87)

1.80 (1.10, 2.95)

2.62 (1.17, 5.86)

1.49 (1.28, 1.73)

1.10 (0.88, 1.37)

OR (95% CI)

1.39 (1.02, 1.89)

4.40 (0.50, 38.72)

1.70 (1.20, 2.41)

2.65 (1.34, 5.24)

1.12 (0.91, 1.38)
0.60 (0.30, 1.20)

1.30 (0.81, 2.09)

6.00 (0.62, 58.06)

3.90 (0.39, 39.00)
1.90 (1.12, 3.22)

1.30 (0.50, 3.38)

1.66 (1.04, 2.65)

0.90 (0.50, 1.62)
1.07 (0.59, 1.94)

3.22 (1.32, 7.85)

17.12 (4.97, 58.97)

1.61 (1.13, 2.29)

1.50 (0.80, 2.81)

1.52 (1.08, 2.14)

0.91 (0.48, 1.73)

1.76 (1.15, 2.69)

1.68 (1.03, 2.74)

1.06 (0.60, 1.87)

1.80 (1.10, 2.95)

2.62 (1.17, 5.86)

  1.5 11.52



Parkinson disease- Pezzoli et al. 2013 

Neurology May 28, 2013 vol. 80 no. 22 2035-2041 



Parkinson disease – paraquat 

Overall  (I-squared = 34.0%, p = 0.146)

NRD 030

NRD 032

NRD 020

Study

NRD 027

NRD 037

NRD 038

ID

NRD 023

NRD 019

NRD 020

1.32 (1.10, 1.60)

2.80 (0.81, 9.68)

0.90 (0.14, 5.79)

1.75 (1.13, 2.71)

1.00 (0.50, 2.00)

2.50 (1.40, 4.46)

1.07 (0.59, 1.94)

OR (95% CI)

1.19 (0.77, 1.84)

3.50 (0.40, 30.62)

1.01 (0.71, 1.44)

1.32 (1.10, 1.60)

2.80 (0.81, 9.68)

0.90 (0.14, 5.79)

1.75 (1.13, 2.71)

1.00 (0.50, 2.00)

2.50 (1.40, 4.46)

1.07 (0.59, 1.94)

OR (95% CI)

1.19 (0.77, 1.84)

3.50 (0.40, 30.62)

1.01 (0.71, 1.44)

  1.5 1 1.5 2



Conclusions 
• Vast amount of epidemiological studies including wide range of 

outcomes and pesticides studied 
• Wealth of data has limited impact: 

• Detailed information on the nature of exposure needed 
• which pesticides, at what dose, and for how long? 
• chronic, low-dose exposure  

• Heterogeneity of study quality 
• Good quality studies, large sample sizes with detailed definition 

of exposure and transparent reporting 
• Consider novel technologies - Omics  

• Neurological conditions and childhood leukaemia relatively 
consistent evidence 

• Endocrine disorders, asthma and allergies, diabetes and 
obesity, are showing increased risk and should be explored 
further  
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