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Minamata 1956 
Effects of prenatal exposure to mercury 

• Outbreak of an unknown disease of the  
central nervous system 

• Symptoms include ataxia, general muscle 
weakness, and damage of vision, 
hearing and speech 

• In extreme cases, paralysis, coma,  
and death follow  
within weeks of  
the onset of  
symptoms 





“You have only one chance to develop a 
brain” – Prof. Philippe Grandjean 

Tau and Peterson. Neuropsychopharmacology. 2010;35:147–168 



How do air pollutants reach the brain? 
- based on animal studies - 

Genc et al. J Toxicol. 2012;2012:782462 



Conceptual framework of the 
neuropsychological developmental process 

Forns et al. Neuroepidemiology. 2012;38:203-8 
 



How do we assess children’s  
neuropsychological development? 

• Psychologist 
 
 
 

• Computer-based tests 
 
 
 

• Reported by mother, father, teacher, child himself 
 
 
 

• Clinical diagnosis by a doctor 



Personal prenatal exposure to air pollution 

Krakow, Poland 

New York City 

Columbia Center for Children’s Environmental Health – F. Perera 



Personal prenatal exposure to air pollution 
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Land use regression models –  
Air pollution levels at participant’s address  

Conception Delivery 2 years 

Cognition (IQ), Psychomotor, Behaviour problems 

1 year 3 years 5 years 7 years 10 years 

Birth cohort studies 

4 years 6 years 



Epidemiology. 2014;25:636-47 
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N=9,482 

Psychomotor 
development 



Epidemiology. 2014;25:636-47 
 

N=2,683 

Cognitive 
development 



Air pollution exposure during pregnancy and childhood ADHD 
symptomatology in eight European cohort studies 
 

Joan Forns, Raquel Garcia-Esteban, …,  Jordi Sunyer, Mònica Guxens  
 

In preparation 

NOTE: Weights are from random effects analysis
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Residential postnatal exposure to air pollution 

INMA Project 

Maternal-Infant 
Smoking Study of 
East Boston 

Cincinnati Childhood Allergy 
and Air Pollution Study  



Residential postnatal exposure to air pollution 
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Residential postnatal exposure to air pollution 



Exposure to air pollution at school 

BREATHE Project 

Environmental health surveillance study 

RANCH project 

Quanzhou study 



Exposure to air pollution at school 



Exposure to air pollution at school 

PLoS Med. 2015;12(3):e1001792 

Dashed line = high traffic air pollution 
Continuous line = low traffic air pollution 
Gray shading = 95% CIs 



Air pollution and autism spectrum disorders 

JAMA Psychiatry. 2013;70(1):71-7 

Environ Health Perspect. 2013;121:380–6  

Environ Health Perspect. 2015;123:264-70 

Epidemiology. 2015;26:30-42 

PLoS One. 2013;8(9):e75510 



Air pollution exposure during pregnancy and childhood autistic traits in four European 
population-based cohort studies 
 

Mònica Guxens,1,2,3,4 Akhgar Ghassabian,4,5 Tong Gong,6 Raquel Garcia-Esteban,1,2,3 Daniela Porta,7 Lise Giorgis-Allemand,8,9 Catarina Almqvist,6 
Aritz Aranbarri,10,11 Rob Beelen,12 Chiara Badaloni,7 Giulia Cesaroni,7 Audrey de Nazelle,1,2,3,13 Marisa Estarlich,3,14 Francesco Forastiere,7 Joan 
Forns,1,2,3,12 Ulrike Gehring,13 Jesús Ibarluzea,3,11,16 Vincent W.V. Jaddoe,5,17,18 Michal Korek,19 Paul Lichtenstein,6 Mark J. Nieuwenhuijsen,1,2,3 
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Environ Health Perspect 2015  
(provisionally accepted) 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 0.0%, p = 0.431)
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Air pollution and autism spectrum disorders 

N=8,079 



Air pollution and brain MRI 

Mexico city –  
Calderón-Garcidueñas’ studies 

New York City – 
Perera’s study 



Brain Cogn. 2008;68(2):117-27 

Brain Cogn. 2011;77(3):345-355 

J Alzheimers Dis. 2012;31:183-91 



JAMA Psychiatry. 2015 



JAMA Psychiatry. 2015 

Prenatal PAH 
exposure  

Slower 
information 
processing 
speed in 

childhood 

Reduced 
white matter 

surface   



• Assess the appropriate brain function at the 
appropriate age and using the appropriate tool 

• Which specific air pollutant is behind this 
association?  

• Which is the role of noise exposure? 
• Which is the most critical period of neurotoxicity? 
• Why air pollution was associated to autism spectrum 

disorders in US studies but was not associated with 
autistic traits in European studies? 

Challenges 



• Brain structural and functional MRI will help to 
understand better which brain areas and brain functions 
are affected 

• Studies including a more detailed exposure assessment 
(PM composition, UFP, source apportionment, multi-
pollutant models, etc) 

• Studies including noise exposure  
• Studies including a more comprehensive exposure 

assessment along children’s lifetime 
• Replicate US studies on autism spectrum disorder in 

Europe following a similar study design 

Future directions 



• Air pollution exposure during pregnancy and 
in the first years of life seems to be associated 
to a decreased children’s brain development 

 
 

Conclusions 



IQ 

2 points 



Thank you very much! 

(mguxens@creal.cat) 
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