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Environmental factors in early life 
and the importance for health and 

development in children



The developmental basis of adult health
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Single Compounds 
and Mixtures



Risk Assessment Metrics
Human Exposure: 
External estimates; 
Biomonitoring

Reference 
Dose (RfD)

Single 
Chemical

Regulatory 
Ratio

Hazard 
Quotient



However, we are never 
exposed to one 

chemical at a time!

Data from +2,300 pregnant 
women in SELMA 
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Cleaning & Personal
care products

Building materials

Toys

Electronical devices

http://www.google.se/url?sa=i&rct=j&q=epoxi+relining&source=images&cd=&cad=rja&docid=zveYZ8LB22ZONM&tbnid=mnuNsnh-C2xl2M:&ved=0CAUQjRw&url=http://www.craftsmanpipelining.com/&ei=9Pc2Uc2TE-rw4QSHroCADg&bvm=bv.43287494,d.bGE&psig=AFQjCNEc-jb8RS_Ufi31M8flPX8W11Cb4Q&ust=1362643286427479
http://www.google.se/url?sa=i&rct=j&q=epoxi+golv&source=images&cd=&cad=rja&docid=2hr9Nyzc6rPgQM&tbnid=krCSAw2RBkoKaM:&ved=0CAUQjRw&url=http://www.stadbiten.se/epoxi-systembolaget-i-nykoping&ei=x_w2UceXOObJ4ATwzIDIBA&psig=AFQjCNGdQWIjSeTWmTiNnZZO62XjZlIdNA&ust=1362643531614757
http://maternitystyle.typepad.com/.a/6a00e54f00add4883301347fdf44e9970c-pi
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiy8_jq4JzMAhVoM5oKHa_hBEYQjRwIBw&url=http://www.thinkstockphotos.in/image/stock-illustration-electrical-devices-symbols/478695223&psig=AFQjCNELo-Ick83Fq1w0MhbShESeHlDnQg&ust=1461225907520995




Neurodevelopment
Natural
hormones
Estrogen
Testosterone
Thyroids. etc.

26 EDCs (>40 analytes)
(N=917)

Mixture approach (WQS)

Co-factors
creatinine, sex, prematurity, mothers 

age, weight, IQ, and education, 
parity, and breastfeeding at 6 

months of age

Cognitive function (IQ, WISC-IV) at 7yEva Tanner
Mount Sinai, NY

Tanner et al., 2020
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Prenatal EDC mixture exposure and 
Childrens IQ at 7y (N=718) by WQS regression

Tanner et al., 2020



Tanner et al., 2020



Risk Assessment Metrics

Single 
Chemical

Additive 
Mixture

General 
Mixture

Regulatory 
Ratio

Hazard 
Quotient Hazard Index

Similar 
Mixture Risk 
Indicator *

Human Exposure: 
External estimates; 
Biomonitoring

Reference 
Dose (RfD)

* Calculated for those 
“sufficiently similar” to 
the reference mixture



Human 
epidemiology

Cell models
(in-vitro)

EVIDENCE

Animal models
(In-vivo)

Molecular mechanisms of action
(explaining associations in epidemiology)

Dose-response relationships
(PODs for risk assessment)



Similar Mixture Approach 
(SMACH)

1.
Identification 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 
proportions, 
SMRI>1 (%)

2. 
Composition of 

reference mixtures 
from population 

data for 
experimental 
evaluations

EDC-MixRisk



*Corresponding author: Carl-Gustaf Bornehag, Barbara Demeneix, Joëlle 
Rüegg, Giuseppe Testa

READ THE FULL ARTICLE AT
Science February 2022
https://doi.org/10.1126/science.abe8244



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

At human-relevant concentrations, the reference mixture 
disrupted hormone-regulated autism and intellectual disability 
genes in human brain organoids and altered behavioral 
responses in in vivo models 

More than 90% of the pregnant women were determined to have 
sufficiently similar exposures to the reference mixture, and 54% of 
the pregnant women were found to be exposed  to experimentally 
defined levels of concerns (SMRI>1)

Conclusions



One important question!

How relevant is the mixture of chemicals identified in a Swedish cohort 
– and tested experimentally for PODs – in other populations?

For this question we only need biomonitoring data for the compounds 
in the reference mixture

We used the US. NHANES data!









Thank you!



Tanner et al., 2020



Prenatal exposure for BPF and IQ in children

Bornehag et al., 2021



Biological mechanism, DNA methylation

Engdahl et al., 2021


