	Table 2a. Studies on ASD and Organophosphates (studies listed by alphabetical order of first author’s name)

	Author
	Design 


	Diagnostic/assessment method
	Type of biological

sample
	Type of pesticide
	Population
	Confounding factors controlled for
	Key findings



	Eskenazi 2007
	Longitudinal birth cohort
	CBCL
	Mother and child urinary samples 

Serum levels 

prenatal blood

samples
	Urinary DAP metabolites: Three DMAP

molecules (DMP,DMTP,DMDTP) and three DEAP molecules (DEP, DETP, DEDTP)  


	396 children

tested at 6, 12, and 24 months, including 

356 cases of ADHD
	Sex, exact age at assessment, breast-feeding duration, HOME 

score, household income above

poverty threshold, parity, maternal scholastic abilities tested with PPVT), and maternal depression
	Prenatal and postnatal DAPs associated with higher risk

of pervasive developmental disorder (Prenatal: aOR = 2.25,  95% CI = 0.99–5.16; Child=  aOR = 1.71, 95% CI= 1.02–2.87)


	Furlong 2014
	Cohort
	SRS
	Mother urinary samples

collected between 25 and 40 weeks'

gestation
	DAP (including 

DEP and DMP)
	136 children

Tested at the 7–9 y 
	Education, marital status, creatinine, housing status, child age, and three category race
	No significant associations between prenatal DAPs,

DEPs, or DMPs and total SRS t-scores

In subgroups significant association between prenatal OP exposure and deficits in social functioning:

Black

DEP: Adjusted β 5.1, 95% CI= 0.8, 9.4

Boys

DEP: Adjusted β 3.5, 95% CI =  0.2, 6.8 



	Rauh 2006
	Prospective

Cohort


	BSID-II

CBCL
	Mother blood samples

collected within 2 days after delivery
	 Chlorpyrifos
	228 children 

Tested at 

12,24,36 mo
	Prenatal environmental tobacco smoke exposure (ETS), gender,

ethnicity, gestational age at birth, quality of the home care-taking environment, maternal

educational level (high school degree versus no high school degree), and maternal IQ
	Children (aged 3 y) exposed prenatally to high levels of chlorpyrifos pesticides (>6.17 pg/g plasma), as detected in samples of umbilical cord blood, significantly more likely to score in the clinical range for Pervasive Developmental Disorders (PDD) problems (aOR=5.39;95% CI:1.21–24.11) compared to thos4 exposed to low levels.


	Sagiv 2018
	Cohort
	SRS-2 at age14y

BASC-2 

ENI

FERT,

NEPSY-II


	Mother urinary samples collected at 13-and26-wk 
	DAP metabolites:

3 DMAP (DMP, DMTP, DMDTP) 

3 DEAP (DEP, DETP, DEDTP) 

	534 children

247 ASD traits

Tested at 7,10½,and14 y
	Maternal age, education, country of birth, years in the United States, language of questionnaire, parity, marital status, depression, child’s age at assessment, sex and

quality of the home environment
	Significant associations of prenatal urinary DAP metabolites with ASD-related traits at age 14y 



	Shelton 2014
	Case control
	ADI R,

ADOS,

SCQ,

MSEL,

VABS
	Questionnaire self-reported exposure data
	Organophosphate carbamate, pyrethroid insetticides,

or organochlorine classes of pesticides
	486 ASD children

Mean age 36.7±9.7 mo

316 controls

Mean age 36.9±8.9 m
	Paternal education, home ownership, maternal place of birth, child race/ethnicity, maternal

prenatal vitamin intake (during the 3 months before pregnancy through the first month), and year of birth
	Mothers of children with ASD were 60% more likely to have organophosphates applied

nearby the home during pregnancy (aOR = 1.60,  95% CI= 1.02–2.51) compared to mothers of 

TD children

Significant associations between

ASD and prenatal residential proximity to

organophosphate pesticides in the third trimesters (organophosphates

overall)



	Philippat 2018
	cohort
	ADI R 

SCQ

MSEL

ADOS
	Mother urine collected during each trimester 


	Organophosphate pesticides

DAP

DEP

DMP

TCPy
	203 mother-child pairs

Tested  at 3 y
	home owner status, maternal BMI before

pregnancy, season and date of birth
	None of the OP metabolites assessed during pregnancy was significantly associated with increased risk of ASD at age 3 years  when boys and girls were grouped together

Trend for a significant association in girls.

	Von Ehrenstein 2019
	Case control
	ASD diagnosis collected by contracted regional

centers
	Information on all

agricultural pesticides used  within a specific geographic area
	glyphosate,

chlorpyrifos, diazinon, acephate,

malathion, permethrin, bifenthrin, methyl

bromide, imidacloprid, avermectin, and

myclobutanil
	2516 ASD 

35370 controls


	Year of birth, sex, maternal race or ethnicity, maternal age, maternal education, and NOx (CALINE4) as a marker of traffic related air pollution

	Risk of ASD disorder was significantly associated with

prenatal exposure to:
glyphosate 

(aOR = 1.16 95% CI =1.06;1.27) 

chlorpyrifos

(aOR = 1.13 95% CI =1.05;1.23) 

diazinon 

(aOR = 1.11 95% CI =1.01;1.21)

malathion 

(aOR = 1.11 95% CI =1.01;1.22)

And exposure during the first year of life to:

glyphosate 

(aOR = 1.15 95% CI =1.05;1.26) 

chlorpyrifos

(aOR = 1.10 95% CI =1.02;1.20) 

malathion 

(aOR = 1.11 95% CI =1.02;1.21)

Permethrin (aOR = 1.10 95% CI =1.01;1.19)




	Table 2b. Studies on ASD and Organochlorine//polychlorinated biphenyls (PCB) (studies listed by alphabetical order of first author’s name)

	Author
	Design 


	Diagnostic/assessment method 
	Type of biological

sample
	Type of pesticide
	Population
	Confounding factors controlled for
	Key findings



	Braun 2014
	Prospective

cohort
	SRS
	Mother blood or urine samples woman 16 and 26 weeks of pregnancy
	 β-HCH
	175 pairs of mother children

Tested at 4 and 5 y


	Maternal demographic and perinatal

factors, including maternal age at delivery,

race, marital status, education, parity, insurance

status, employment, household income,

and prenatal vitamin use
	Detectable (vs. non- detectable) serum concentrations of PCB-178 (β = –3.0; 95% CI: –6.3, 0.2), β-hexachlorocyclohexane (β-HCH) (; β = –3.3; 95% CI: –6.1, –0.5), or PBDE-85 (n = 86; β = –3.1; 95% CI: –5.9 –0.5) were associated with lower ASD scores 



	Brown 2018
	Case control
	ICD-10 criteria, validated with
ADI R
	Maternal serum
	p,p:-DDE
total PCB
	775 ASD 

778 controls


	Maternal age, number of

previous births, socioeconomic status, maternal and

parental history of psychiatric disorders, and gestational

week of the blood draw
	p,p:-DDE significantly associated with autism diagnosis

Unadjusted OR = 1.11, 95%CI = 1.11, 1.80; aOR 1.32 95% CI = 1.02, 1.71

	Cheslack-Postava 2013
	Case control
	ADI-R
	Mother blood samples collected during the first

trimester
	p,p:-DDE HCB
	65 ASD 

75 controls

 
	Birth year, parental ages, sex and urbanicity

 mothers who experienced a

prior pregnancy
socioeconomic status
	DDE and HCB not significantly associated with autism 

HCB  =  1.29, 95% CI =0.48, 3.45

DDE: = 2.00, 95% CI =0.60, 6.64 HCB aOR = 0.89, 95% CI =0.28, 2.76

DDE aOR = 1.79, 95% CI =0.51, 6.21) p0.36

	Lyall 2017
	Case control
	DSM-IV-TR

	Mother serum and blood collected during

15–19 weeks gestation
	PCB and 9 persistent pesticides [hexachlorobenzene, β-hexachloro- cyclohexane, γ-hexachlorocyclohexane, oxychlordane, p,p ́-DDE, p,p ́-DDT, and o,p ́-DDT) 

	545 ASD children 

418 controls

Year of birth


	Child sex, month and year of birth), maternal age, maternal race/ethnicity (non-Hispanic white, Asian, black/Pacific Islander/or other,

Hispanic, or missing), maternal weight at time of sample collection (quartiles), parity (multi- vs. primiparous), and maternal education (< high school, high school, college, graduate)
	In both crude and adjusted models,  several PCBs were significantly associated with increased risk of ASD  (aORs) ~ 1.5 or greater for the top quartile]. Strongest associations for  PCB138/158 and PCB153 (for highest quartile relative to the lowest quartile, AOR = 1.79; 95% CI: 1.10, 2.92 and AOR = 1.82; 95% CI: 1.10, 3.02, respectively) 
 

	Roberts 2007
	Case control
	DSM-IC-TR

	Records from

the California Department of Pesticide

Regulation
	Organochlorine pesticides
	465 ASD children

6975 controls 


	Maternal education, maternal race/ethnicity, and regional center of diagnosis
	The risk of ASD increased with the poundage of organochlorine applied and decreased with distance from field sites 



	Table 2c. Studies on ASD and Pyrethroids (studies listed by alphabetical order of first author’s name)

	Author
	Design 


	Diagnostic/assessment method
	Type of biological

sample
	Type of pesticide
	Population
	Confounding factors controlled for
	Key findings



	Christian 2018
	Case control
	CARS,

ADOS, 

ADOS-2, 

ADI-R,
	Questionnaire self-reported exposure data
	Pyrethroids i
	288 ASD

295 controls

Age 2–8 y

 
	Age of the mother, age

of the father, father’s education, and parish maternal

exposures to fever over 101 °F or infection requiring antibiotics,

physical trauma, degreasers,

oil-based paints, paint solvents

	Maternal exposure to pesticides was associated

with ASD in their children in the crude model 

(OR = 2.08 95% CI = 1.14, 3.08) and after adjusting for the child’s parish

(OR = 1.67 95% CI= 1.08, 2.59)

	Domingues 2016
	Case control
	ADOS,

CARS
	Child urinary and hair samples


	Pyrethroids 3-PBA 


	21  ASD children

Mean age 6.9 y

19 controls

Mean age 7.4 y


	
	Higher (but not significantly ) values of 3-BPA in children with ASD compared to the control group (p = 0.054). No significant correlation between CARS total score and 3-PBA in urine samples



	Viel 2017
	Cohort
	SDQ
	Child and mother

Urinary samples
	3-PBA, 4-F-3-PBA, cis-DCCA and

trans-DCCA, and cis-DBCA 


	287 children

6 y
	Age at the beginning of pregnancy , place of residence , parity, pre-pregnancy body mass index, education, WAIS-III score
VIQ score , tobacco smoking at the beginning of pregnancy, usual fish consumption before pregnancy, length of pregnancy and breastfeeding, whether exclusive or not sex, birth weight, education, number of siblings at age 6, sleep duration, duration of television watching, duration of video game playing, regular extra-curricular sport activities and urinary cotinine concentration, HOME score when the child was 6 years of age (continuous),

acid-leachable lead in the living room, number of smokers at home, and cigarettes

smoked at home
	PBA concentrations significantly associated with abnormal or borderline social behaviours on the SDQ
OR = 2.93, 95% CI =1.27, 6.78) 
and OR = 1.91; 95% CI:  0.80 - 4.57, for the intermediate and highest metabolite categories, respectively)

	Von Ehrenstein 2019
	Case control
	ASD diagnosis collected by contracted regional

centers
	Information on all

agricultural pesticides used  within a specific geographic area
	glyphosate,

chlorpyrifos, diazinon, acephate,

malathion, permethrin, bifenthrin, methyl

bromide, imidacloprid, avermectin, and

myclobutanil
	2516 ASD 

35370 controls


	Year of birth, sex, maternal race or ethnicity, maternal age, maternal education, and NOx (CALINE4) as a marker of traffic related air pollution

	Risk of ASD significantly associated with

prenatal exposure to glyphosate, chlorpyrifos, diazinon,

malathion, avermectin, and permethrin (OR = 1.10, 95% CI = 1.01, 1.20)



	
	
	
	
	
	
	
	


	Table 2d. Studies on ASD and Avermectin (studies listed by alphabetical order of first author’s name)

	Author
	Design 


	Diagnostic/assessment method
	Type of biological

sample
	Type of pesticide
	Population
	Confounding factors controlled for
	Key findings



	Von Ehrenstein 2019
	Case control
	California

Department of Developmental Services (DDS), based

on diagnostic data collected by contracted regional

centers
	information on all

agricultural pesticide applications with the date,

location, and amount of active ingredient applied
	Glyphosate

chlorpyrifos, diazinon, acephate,

malathion, permethrin, bifenthrin, methyl

bromide, imidacloprid, avermectin, and

myclobutanil
	2516 ASD 

35370 controls

Sample of 1998-2010 births
	maternal age,

indicators of socioeconomic status (that is, maternal

race/ethnicity and education), and nitrogen oxides
	Risk of ASD significantly associated with

prenatal exposure to avermectin 

(OR = 1.11, 95% CI =1.01, 1.22) 




	Table 2e. Studies on ASD and Imidacloprid (studies listed by alphabetical order of first author’s name)

	Author
	Design 


	Diagnostic/assessment method 
	Type of biological

sample
	Type of pesticide
	Population
	Confounding factors controlled for
	Key findings



	Keil 2014
	Case control
	ADI R,

ADOS,

MSEL, 

VABS, 

SCQ 


	Questionnaire self-reported exposure data
	Imidacloprid
	262 controls

407 ASD


	Maternal education, race/

ethnicity, parity

and pet ownership during pregnancy, child’s

sex and age at interview, and region of birth
	No significant association between

ASD diagnosis and prenatal imidacloprid exposure 




ADI R Autism Diagnostic Interview-Revised, ADOS Autism Diagnostic Observation Schedule, ASD autism spectrum disorder, BASC-PRS Behavioral Assessment Scale for Children, BMI Body Mass Index, CARS Childhood Autism Rating Scale, CBCL Child Behavior Checklist, ENI Evaluación Neuropsicológica Infantil, FERT Facial Expression Recognition Test, HBRS Hillside Behavior Rating Scale, HOME  Home Observation for Measurement of the Environment, MSEL, Mullen Scales of Early Learning, NEPSY-II Developmental Neuoropsychological Assessment, PDD Pervasive Developmental Disorder, PPVT Peabody Picture Vocabulary Test, SDQ Strengths and Difficulties Questionnaire, SRS Social Responsiveness Scale, SCQ Social Communications Questionnaire, VABS Vineland Adaptive Behavioral Scale,  VIQ The Verbal, WAIS-III The Wechsler Adult Intelligence Scale—3rd revision IQ

Chemical compounds: 

cis-DBCA cis-3-(2,2-dibromovinyl)- 2,2-dimethylcyclopropane-1-carboxylic acid, cis-DCCA cis-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid, DAP dialkylphosphate metabolites, DM dimethyl phosphate metabolites, DMAP Dimethyl Alkylphosphate molecules, DMP dimethylphosphate, DMTP dimethylthiophosphate,  DMDTP dimethyldithiophosphate, DEP diethylphosphate ,  DEAP Diethyl Alkylphosphate  molecules, DETP diethylthiophosphate, DEDTP diethyldithiophosphate, HCB hexachlorobenzene, MDA Malathion, , PCBs polychlorinated biphenyls, p- p′-DDT p- p′- dichlorodiphenyltrichloroethane, p- p′-DDE p-p′-dichlorodiphenyldichloroethylene, HCB hexachlorobenzene, β-HCH β‑hexachlorocyclohexane, trans-DCCA trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid, 3-PBA 3-phenoxybenzoic acid, 4-F-3-PBA 4-fluoro-3-phenoxybenzoic acid, TCPs Trichlorophenols, TCPy 3,5,6-trichloro-2-pyridinol

