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Background	and	the	
epidemiological	part	

of	the	project	

	
	



Early	life	is	important	



The	de
velopm

ental	b
asis	of	

adult	d
isease	

Social,	Psychological	&		
Environmental	Determinants		
for	Health	&	Development	

A	70	year	old	man	with	cardiovascular	disease	
A	60	year	old	man	with	Parkinson's	disease	

A	50	year	old	women	with	breast	cancer	
A	40	year	old	man	with	type	2	diabetes	
A	30	year	man	with	inferMlity	problem	

	
A	20	year	old	man	with	overweight	

A	10	year	old	boy	with	asthma	
A	6	year	old	boy	with	ADHD	

Malformed	genitals	
Low	birthweight	



Human Exposures vs. Regulatory 
Guideline Values 

Experimental Evidence 

Human Exposure:  
External estimates;  
Biomonitoring 

 
Regulatory Ratio = Human Exposure

RfD
*Assessment Factor

Risk	assessment	of	chemicals	is	
normally	based	on	a	single	compound	

approach!	

Reference  
Dose  
(RfD) 



However,	we	are	
exposed	to	large	

number	of	chemicals	in	
complicated	mixtures!	

	
	

Data	from	+2,300	pregnant	
women	in	SELMA		



Human	epidemiology	

Animal	models	

Cell	models	

Risk		
Assessment	



Similar Mixture Approach  
(SMACH) 



	
1.	

IdenMficaMon	of	
bad	actors	

(mixtures)	for	
health	effects	in	
epidemiological		

data	
	

	
3.	

Experimental	tests	
(in	cells	and	
animals)	of	

reference	mixtures	
for	dose-response	

	
	

	
4a	

Test	for	sufficient	
similarity	with	the	
reference	mixture	

(%)	
	
	

4b.	
	
4b	

For	sufficient	similar	
subgroups;	test	for	
extreme	mixing	
proporMons,	
SMRI>1	(%)	

	
	

	
4c	

Demonstrate	if	
health	effects	are	
associated	with	

SMRI		
(adj	risk,	95%	CI)		

	

	
2.		

ComposiMon	of	
reference	mixtures	
from	populaMon	

data	for	
experimental	
evaluaMons	

	



Neurod
evelop

ment	
Natural	

hormones	
Estrogen	

Testosterone	
Thyroids.	etc.	

15	EDCs	(20	analytes)	
(N=594)	

Mixture	approach	(WQS)	
	Co-factors	

creaMnine,	sex,	smoking,	
prematurity,	mothers	age,	weight,	
IQ,	and	educaMon,	diet,	parity,	

maternal	educaMon.		

Language	delay	in	
early	life	is	a	marker	
for	cogniMve	deficits	
and	neuropsychiatric	
diagnoses	(auMsm,	
ADHD)	later	on	



1st	trimester	urine/serum	levels	of	15	EDCs		
(20	analytes)	in	SELMA	mothers	





Mix	N	associated	to	Language	delay	
	

IdenMficaMon	of	bad	actors	
among	15	EDCs		

WQS	regression	
β=1.4	(0.4)	p<0.001	(N=594)	

DeterminaMon	of	mixing	
proporMons	(%)	of	bad	actors		
Using	geometric	mean	serum	levels	(mol/L)	in	

+2,300	SELMA	mothers	

ComposiMon	of	a	reference	
mixture	

Dosing	0.1X,	1X,	10X,	100X,	1000X		
where	1X	refers	to	SELMA	

BPA	 4	
DEP	 27	
DBP	 23	
BBzP	 11	
DiNP	 21	
PFHxS	 3	
PFNA	 1	
PFOS	 10	



MIX N 

Identification of EDCs of Concern
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Estimation of daily intake

asso
ciation between language delay 

and the WQS index

BIO
STATISTICSFormulation of EDC concentrations 

in mix and synthesis
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Weighted Quantile Sum regression

human - in vitro models

Exposure to synthesized mixtures 
Dose-dependent response

relative concentration

Gene expression, Reporter assays, Developmental phenotypes

10 weeks 
gestation

7 year-old 
children

EDC levels in urine, blood + clinical data

30 months-old children

animal - in vivo models

Transcriptomics, Gene Network Analysis, Cellular phenotype
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Similar Mixture Risk IndexD Similar mixture approach (SMACH) 
Risk Assessment

D. rerioX. laevis

Sufficient Similarity

Dose response modeling for Benchmark Dose Estimation

1MIX N log10(conc+1)

Reference	mixture	Mix	N	



Exposure	to	a	widespread	chemical	mixture	of		
endocrine	disruptors	during	pregnancy		is		
associated	with	language	delay	in	their	children	
	

Conclusions	


