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Prenatal Origins of Disease
2

 Chemical exposure in the womb  Disease later in 
life

 Humans—difficult to study

 Animals—difficult to relate to human health

 Neurodevelopment

https://www.dohadfordoctors.com/what-is-dohad/



Attention Deficit/Hyperactivity Disorder
3

 Hyperactivity, Inattention

 20% in boys 14-17 years old

 15% in boys 7% in girls (CDC 2013)

 Costs are high:
 Estimated at $36-$52 billion per year (cancer is $87 billi0n)

 Gene-environment 

interaction?



ADHD and Early Chemical Exposure
4

 Extensive literature searches 

Disease/symptom

Prenatal

Human/rodent

Environmental exposure
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Studies Linking ADHD to Early Chemical Exposure



BPA and Human Health
6

 BPA is a well known endocrine disruptor

 Estrogen, androgen, thyroid, insulin

 Present in can liners, hard plastics (#7), thermal 
receipt paper.

 Human health effects (Rochester 2013)

 Reproduction

 Thyroid

 Metabolic Syndrome (obesity, T2D, cardiovascular diseases)

 Immune effects

 Neurodevelopment



OHAT Systematic Review Framework
7

 Office of Health Assessment and Translation (National 

Toxicology Program, NIEHS)

 7 Step SR framework

 Hazard ID conclusion

 Can be used with or without 

meta-analysis

 Integrates animal and human 

evidence



BPA and Hyperactivity Systematic Review
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Step 1– Problem Formulation
9

 Does early BPA exposure cause hyperactivity in 
humans? 
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Screening using Distiller SR 
software and two 

independent screeners

Step 2--Search and Screen Studies
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n Records identified through database 

searching 

(n = 1547)

Additional records identified 

through other sources 

(n = 0)

Records after duplicates removed 

(n = 913)

Records screened 

(n = 913)

Records excluded

(n = 848)

Full-text articles assessed 

for eligibility 

(n = 65)

Full-text articles excluded, 

with reasons 

(n = 16) incorrect endpoint 

(n = 7) review 

(n = 2) incorrect dosing age

(n = 4) BPA not 

administered alone 

(mixture)

(n = 2) not primary study 

(n = 2) incorrect age at 

exposure

(n=1) wrong model

Studies included in 

qualitative synthesis 

(systematic review)

(n = 32)

Studies included in 

quantitative synthesis 

(meta-analysis)

(n = 12)



Step 3– Data Extraction
12

 Rodent models for hyperactivity

 Human surveys
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Step 4: “Risk of Bias” (Study Quality)
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Step 4: “Risk of Bias”
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Meta-Analysis (CMA Software)
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Group by
sex

Study name Statistics for each study Hedges's g and 95% CI

Hedges's 
g p-Value

female Ferguson 2012 [66], F 0.054 0.891

female Nakamura 2012 [77], F# -0.566 0.074

female Nakamura 2012 [77], F* -0.151 0.631

female Stump 2010 [75], F 0.044 0.877

female Komada 2014 [31], F 0.295 0.316

female Nagao 2014 [78], F 0.164 0.803

female Xu 2007 [76], F -0.092 0.842

female Kundakovic 2013 [81], F -0.393 0.358

female Rebuli 2015 [86], FJ -0.228 0.564

female Rebuli 2015 [86], FA -0.325 0.413

female Hass 2016 [83], F 0.330 0.280

female Heredia 2016 [84], F -0.219 0.610

female -0.068 0.514

male Ferguson 2012 [66], M 0.503 0.209

male Ishido 2004 [32], M 0.708 0.200

male Masuo 2004 [34], M 0.892 0.102

male Nakamura 2012 [77], M# -0.326 0.307

male Nakamura 2012 [77], M* -0.055 0.860

male Stump 2010 [75], M 0.048 0.865

male Komada 2014 [31], M 0.404 0.181

male Nagao 2014 [78], M -0.018 0.979

male Xu 2007 [76], M 0.553 0.240

male Kundakovic 2013 [81], M 1.155 0.011

male Rebuli 2015 [86], MJ -0.149 0.706

male Rebuli 2015 [86], MA 0.145 0.713

male Hass 2016 [83], M 0.427 0.164

male 0.243 0.020

-4.00 -2.00 0.00 2.00 4.00
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Step 6- Translate Confidence Rating to Evidence 
of Health Effects
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 Animals: A ‘high’ rating (from Step 5) 
and a significant summary measure from 
the meta-analysis = high level of 
evidence.

 Humans: A ‘moderate’ rating and a 
significant positive effect = moderate
level of evidence. 
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Conclusions
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• SR indicates a presumed hazard to humans of 
early BPA exposure on hyperactivity. 

• Heterogeneity: males vs. females

• Data gaps: Timing of exposures

• Risk of Bias



BPA Research

BPA Regulation

Recommendations/Further Work
21

• Dose and Risk Assessments

• Pregnant women should avoid BPA

• Recommended by American College of Obstetricians and 
Gynecologists

• BPA is present in: canned food, plastic packaging, thermal 
receipts 

• ADHD/Hyperactivity: sensitive endpoint

• So much BPA research!!
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