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The prevalence of autism has been increasing
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https://www.cdc.gov/ncbddd/autism/data.html

https://www.cdc.gov/ncbddd/autism/data.html
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Maybe its environmental? 

• What chemicals have been 
studied? 

• What should be prioritized for 
future research? 

• Scoping reviews do not reach 
conclusions about hazards or 
risks0

2

4

6

8

10

12

14

16

18

# 
of

 p
ub

lic
at

io
ns

Growing number of studies

Primary Studies

Reviews



4 @endo_exchange

Considering all the evidence 
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Animal models of autism

Reciprocal social communicative 
behaviors
• three chambered test

• open field test with social component
• ultrasonic vocalizations

Repetitive and stereotyped 
behaviors
• Compulsively gnawing, circling, or rearing

• T, Y, or Morris water mazes

Silverman et al. 2010
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Digging in to the studies

• Overview of the scoping review
• Demonstration of interactive 

database
• Explore the chlorpyrifos studies
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Records Available for Screening (after duplicate removal)
N=21,603

Priority Ranked Records Screened
(until 90% estimated recall obtained)

N=4,808

Not Reviewed
N=16,795

Included for Tagging in DistillerSR
N=1,127

Excluded
N=3,681

Full Text Review
N=316

Excluded
N=811

Included
Human
N=54

Included
Rodent
N=46

Included
Review
N=50

Excluded
N=166

PubMed 2016
N=18,242

Hand ID
N=37

PubMed 2018
N=3,359

150 Included

Retrieved
> 21k Papers

Identifying studies for the review
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Data extraction and coding of human studies

• Which chemicals were evaluated
• How autism cases were defined
• Study type
• Number of participants
• Study location
• Cohort name

• Birth years of study participants
• Age of diagnosis
• When was exposure measured
• How exposure was assessed
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https://public.tableau.com/profile/the.endocrine.disruption.exchange#!/vizhome/Fig3_Enviornmentalchemicalsandautism-epidemiologicaldata/Interactive

Human evidence overview

https://public.tableau.com/profile/the.endocrine.disruption.exchange#!/vizhome/Fig3_Enviornmentalchemicalsandautism-epidemiologicaldata/Interactive
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Data extraction and coding of animal studies

• Which chemicals were evaluated
• Autism relevant behaviors

• Reciprocal social communicative 
behaviors

• Repetitive and stereotyped 
behaviors

• Comorbid behaviors
• Mechanistic outcomes

• Species & strain
• Exposure timing
• Route of exposure
• Outcome timing
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https://public.tableau.com/profile/the.endocrine.disruption.exchange#!/vizhome/SupplementalFigure2_Environmentalchemicalsandautism-rodentdata/Interactive

Animal evidence overview

https://public.tableau.com/profile/the.endocrine.disruption.exchange#!/vizhome/SupplementalFigure2_Environmentalchemicalsandautism-rodentdata/Interactive
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Summary of results

• 100 primary studies + 50 reviews identified
• 142 exposures in epi studies, 25 exposures in rodent studies

• Most studied chemicals
• Epi studies: mercury (n=14), particulate matter (n=14), lead (n=10)
• Rodent studies: chlorpyrifos (n=9),mercury (n=6), lead (n=4)
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Summary of our main conclusions

• Human epidemiological studies
• Improved reporting
• More prospective studies
• More diversity in study location 

• Experimental animal studies
• Harmonization with epi studies in chemicals evaluated 
• Improved model characterization

• Reviews
• Evaluation of both epi and animal model data
• Systematic reviews of chlorpyrifos, lead, PCBs
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Chlorpyrifos

• Organophosphate insecticide
• Termites, mosquitoes, 

roundworms
• Use in agriculture

• Food crops – corn, soy beans, 
row crops

• Cattle ear tags

• Non ag uses – golf courses

https://www.epa.gov/ingredients-used-pesticide-products/chlorpyrifos

https://www.epa.gov/ingredients-used-pesticide-products/chlorpyrifos
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Why did we call out chlorpyrifos?

• Both human and animal studies were identified
• Animal studies included both types of behaviors in same study
• Increased concern due to existing exposures and health concerns
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Human autism studies

Study
# 
Participants

Study 
Name

# of Exposures 
Assessed Exposure assessment Result

Roberts et al. 
2007

7,440 - 10 functional 
categories + 19 
specific chemicals

Residence addresses at 
time of birth 

NS

Shelton et al. 
2014

802 CHARGE 5 Residence addresses at 
3 months prior to 
conception to time of 
birth 

aOR = 1.14
95% CI: 1.0, 1.32

Schmidt et al. 
2017

516 CHARGE 6 Residence addresses at 
3 months prior to 
conception to time of 
birth 

OR=2.3 
95% CI: 0.98, 5.3
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Rodent autism studies

S=social communication behavior
R=repetitive behavior
C=comorbid behavior
M=mechanistic outcome
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Rodent autism studies

S=social communication behavior
R=repetitive behavior
C=comorbid behavior
M=mechanistic outcome
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Not associated with autism phenotype
Reduced socialability
Gene x exposure effects
Not associated with autism phenotype

Gene x exposure effects
Not associated with autism phenotype
Increased USV and socialability

No effect on social preference
Reduced USV
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Why a systematic review

• Reaches a hazard conclusion
• Assess confidence in body of 

evidence
• Excludes potentially biased 

studies
• Can include meta-analysis



26 @endo_exchange

Carol Kwiatkowski  
Executive Director

Kim Schultz
Oil & Gas Program Coordinator

Christina Ribbens
Business Manager

Funding

• Arkansas Community Foundation 
• Winslow Foundation
• Tides Foundation

www.tedx.org

https://ehp.niehs.nih.gov/doi/10.1289/EHP4386
Our paper is available open access at: 

Ashley Bolden

https://ehp.niehs.nih.gov/doi/10.1289/EHP4386
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