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Developmental Origin of Health and Disease (DOHaD)

Barker’s hypothesis

positive geographic correlation for standardized 
rates for infant mortality from 1921 to 1925 and 

ischemic heart disease from 1968 to 1978

407 hommes de 59-70 ans

Poids de 
naiss. (kg)

Prévalence du 
synd. mét. (%)

Risque de
synd. métab.

>  4.3 6 1
3,9 - 4,3 6 X 2,2

3,4 – 3,8 12 X 4,9
2,9 – 3,3 17 X 8,5
2,5 – 3,2 19 X 8,4

< 2,5 30 X 18,0

Association between low birth weight and increased risk of 
metabolic syndrome and cardiovascular disease



Developmental Origin of Health and Disease (DOHaD)

Women:an

• Anatomical abnormalities of the reproductive tract                  
(uterus, fallopian tube)

• Decreased fertility

Animal:

• Early puberty
• Ovulatory disorders
• Obesity and metabolic syndrome in adulthood  



Phtalates

Bisphénol A 

Intra-uterine growth
restriction

Disorders of sexual
differentiation

Alteration of pubertal
timing, fertility and 

neoplasia

Obesity, metabolic
syndrome

Prenatal
malnutrition Barker DPJ 

et al., 1986, 2005

Sharpe R & 
Skakkebaek NE, 2008

Metabolism

Reproduction

Diéthylstilbestrol
Herbst AL
et al., 1971
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Fetal/Early posnatal
periods

Puberty / Adult age

Endocrine 
disruptors

Nutrition

Stress Long and 
variable 
latency

EPIGENETIC ?



Epigenetic mechanims

Definition : heritable changes in gene expression caused by mechanisms that do not depend 
on changes in DNA sequences
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« …an exogenous substance or mixture that alters function(s) of the endocrine system and consequently causes 
adverse health effects in an intact organism, or its progeny, or (sub)populations…» 

La Merril et al Nat Rev Endo 2020

EDCs: definition



Fetal and neonatal exposure to EDCs

• Placental transfer

• Maternal milk

Lopez-Rodriguez et al. Nature Rev. Endo 2021

EDCs: critical windows of exposure



Critical windows of exposure to EDCs

Woodruff TJ
EHP 2011

Mean detected levels in pregnant women : 37 
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EDCs and brain development

Parent et al 2011



EDCs and brain development

A meta-analysis (219 studies)
Of the “FLYNN EFFECT”
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Pietschnig and Voracek, 2015

Increasing of IQ is stopped from 1980



EDCs and brain development

seeking behaviors [26]. Though help-seeking behavior and

service availability are the likely contributors to an increase
in reported diagnoses, it is important to emphasize that we

cannot rule out a true increase in disease prevalence of

some unknown magnitude for any of the disorders. Espe-
cially, maternal lifestyle during pregnancy [27], endocrine-

disrupting chemical, pesticides, and other toxins [28], as

well as factors such as increasing parental age [29], vitamin
D status [30], and neonatal morbidities [31] have been

suggested to be associated with the development of neu-

rodevelopmental disorders, and in particular ASD. The
reasons for the observed common pattern of change in

reported cumulative incidence in ASD, HKD, TS, and

OCD cannot be addressed with these data.
The common pattern of increase in age-specific preva-

lence for the four different disorders can possibly be due to

comorbidity between the disorders. ADHD and ASD are

commonly reported to be comorbid [32], as well as, Tou-

rette’s syndrome, OCD and HKD frequently co-occur [33].
This study cannot determine to what extent the similar age-

specific prevalence across disorders observed in Denmark,

Sweden and Finland is attributable to a true increase in
comorbid phenotypes, or changes in the recognition and

reporting of co-occurrence among these disorders.

Point prevalence estimates

We observed that the cumulative prevalence of ASD in the
oldest cohorts was well over 1 % in Finland and Sweden,

and over 1.5 % in Denmark, with little evidence for a

plateau in the prevalence curves even in the oldest cohorts.
The proportion of childhood autism observed in Denmark,

Sweden and Finland is comparable to what is previously

reported (*30 %) [2]. Western Australia displayed a

Fig. 2 Age-specific prevalence of childhood autism among children and adolescents born in Denmark, Sweden, Finland and Western Australia
from 1990 to 2007

Eur Child Adolesc Psychiatry (2015) 24:173–183 179

123

Autisme

higher proportion of childhood autism; over 80 % of the
ASD cases from Australia were diagnosed with childhood

autism. This pattern may relate to the availability of

funding for therapy services for younger children
(\5 years) with ASD in Western Australia [21]. The

cumulative prevalence of HKD in the present study varied

from less than 1 % in Sweden to above 2 % in Finland and
Denmark. In all three countries, we observed a steep and

almost linear increase in age-specific prevalence and no

leveling off of the curves in early adulthood, indicating that
HKD is a diagnosis assigned across a wide age range and

that many children go undiagnosed until, at least, adoles-

cence or early adulthood. In Denmark, we observed a
cumulative incidence of TS of around 0.3 % in 15-year-old

children. In Finland and Sweden, we found the cumulative

incidence to be somewhat lower. We find cumulative
incidence rates of OCD, of just below 0.6 % in 20-year

olds observed in Denmark, and approximately 0.4 % in

Sweden and Finland. The variation in prevalence estimates
across countries is likely attributable to differences

between the countries in the service system and reporting
practices.

Data quality

The main limitation of the study is that our information

systems may miss children with relevant diagnoses, and the
degree of missing data is not known. We lacked diagnoses

from outpatient hospital visits from a number of years;

however, when restricting to the cohorts born after the year
when outpatient data were introduced, the patterns of

increasing time trend were very similar to the main anal-

yses including all cohorts. We lacked outpatient visits from
the private sector in the Scandinavian countries; we do not

know exactly how many children are purely diagnosed and

treated in the private sector, but in all countries the private
sector mainly supplements the public sector. We lacked

data from the primary health sector (general practitioners),

although neuropsychiatric disorders are generally diag-
nosed by specialists and not by general practitioners. The

Fig. 3 Age-specific prevalence
of HKD among children and
adolescents born in Denmark,
Sweden, Finland and Western
Australia from 1990 to 2007

180 Eur Child Adolesc Psychiatry (2015) 24:173–183
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Hyperkinetic disorders

Atladottir HO et al.,
Eur Child Adolesc
Psychiatry (2015)
24:173–183 

Cohort (year of birth)



EDCs and brain development

9 years after exposure to PCBs during his fetal
life, this child has lost 10 points of IQ
Stewart et al., Environmental Health Perspectives 2008,116:1416–22 



EDCs and brain development

9 years after exposure to PCBs during his fetal
life, this child has lost 10 points of IQ
Stewart et al., Environmental Health Perspectives 2008,116:1416–22 

3 weeks after exposure to PCBs during fetal
and neonatal life, neurons of this mice
showed abnormal development

AS Parent et al, Eur J Neurosci 2017   
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EDCs and sexual differentiation

Sengupta 2017, Hum Exp Toxico

Over the last 50 years, the 32.5% decrease in 
sperm concentration in men has been 

remarkable.



EDCs and sexual differentiation
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Hemminki & Li, Int J Cancer 99:229,2002

IS

1st generation: rate as 
in the country of origin
2nd  generation: rate as 
immigrant in Sweden

• Increased incidence
of testis cancer

• Second generation of
immigrants to
Sweden: same
incidence as in
Sweden

= > Fetal determinism ?



EDCs and sexual differentiation

Skakkebaek, Rajpert-DE Meyts and Main K 2001



EDCs and sexual differentiation

Control DBP exposed

N 10 10

Fertile 9 2

Hypospade 0 6

Cryptorchidie 0 2 (bilat), 8 (unila)

Fisher et al 2003

TDS like condition after fetal rat exposure to 
phtalates (GD13-GD21) Normal

Adult
Man

Adult
Man with
Testicular

Cancer

Normal
Adult
Rat

Adult rat 
exposed in 

utero to dibutyl
phthalate

Sharpe 2006



EDCs and sexual differentiation

Boys from mother with elevated prenatal
exposure to phtalates had shorter anogenital

distance 

Swan et al 2005

Free testosterone levels in boys negatively
correlated with phtalates levels in breast milk

Main et al 2006
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EDCs and energy balance

Somm E. et al  Environ Health Perspect
117:1549–1555 (2009) 

~70 µg/kg.d
GD6-PND21

femelles mâles

0,1 mg/kg/j

1,2 mg/kg/j

Rubin et al. Environ Health Perspect
109:675–680 (2001)

Obesity in female adult rat exposed during
gestation and lactation to BPA



EDCs and energy balance

Somm E. et al  Environ Health Perspect 117:1549–1555 (2009) 

Female PND 21

parametrial
White Adipose Tissue
Brown adipose tissue 

Female Female

~70µg/kg.d   orally
GD6-PND21

FemaleM
a
l
e

Gestational and neonatal
exposure to BPA increases

adipose tissue and 
expression of lipogenic

genes in females



EDCs and energy balance

Quartile Prevalence of obesity

1 9.8%

2 19.9%

3 19.1%

4 22.5%

Quartile Prevalence of overweight

1 28.5%

2 34.3%

3 36.6%

4 36.5%

Trassande L et al, JAMA 2012

Association between urinary BPA and overweight
and obesity in children



EDCs and energy balance

Vafeiadi et al, 2016
Environ Health Research

No significant association 
between prenatal BPA 

exposure and BMI Z Score at 
1,2,3 and 4 years old
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Role of placenta in DOHaD

epigenome transcriptome

Placental development
and function

Environmental factors
Endocrine disruption

nutrition

Maternal conditions
Gestational diabetes

Obésity
Stress

Fetal programming

Pregnancy conditions
(IUGR, HTA, PE)



Early exposure to BPA/BPS and placenta

1 week before
mating

GD1 GD18 de gestation GD21 GD90

BPA  4 µg/kg/j   BPA 25 ng/kg/j
BPS 4 µg/kg/j    BPS 25 ng/kg/j

BPS 25 ng/kg/j

• Fetal and placental weight

• Sex determination

• Transcriptome in female
placenta(séquençage ARNm)

• DNA methylation of specific
genes(séquençage au bisulfite)

• Vaginal opening
• Cyclicity
• Balano-preputial

separation
• Weight gain



Early exposure to BPA/BPS and placenta

Female fetal growth is affected by gestational exposure to BPS 25

Postnatal female growth is affected by 
exposure to BPS 25

Fudvoye J et al, in revision



Early exposure to BPA/BPS and placenta

Exposure to BPA and BPS affects the expression of specific genes

Heatmap représentant le log 2 FC 
des gènes dont l’expression est 

significativement affectée dans au 
moins un des groupes 

BPS 4

BPA 25

BPA 4
BPS 25

Fudvoye J et al, in revision



Early exposure to BPA/BPS and placenta

Fudvoye J et al, in revision



Early exposure to BPA/BPS and placenta
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Prenatal exposure to BPS 25 decreases DNA methylation in SRC2 promoter in female
placentas

Fudvoye J et al, in revision



Early exposure to BPA/BPS and placenta



Conclusion

• Early fetal environment is crucial for the lifelong health

• There are accumulating evidence about the detrimental effects of early exposure
to EDCs. However, demonstrating the endocrine disruption remains a challenge:

- Variable persistence in the organism and the environment (PCBs, DDE, ..)
- Long latency between effects and exposure
- Different effects regarding the period of exposure and the duration
- Effects of low dose mixtures
- Multiple mechanisms, epigenetic effects

• Recommandations based on the precaution principle



CONDITION MEASURE FEASIBILITY

Baby bottles Prioritize glass ; using plastics, exclude polycarbonate
and prefer polyethylene or polypropylene

Evidence-
basing?

Informing?
Labelling?
Reading?

Banning?

Distressing?

Food heating Glass receptables;    no plastic in microwaves

Food/liquid 
containers

Prefer glass to plastics or metal cans;  
Avoid canned food

Fruits/ 
vegetables

Wash thoroughly;   prioritize unprocessed products & 
raised without pesticides

Soy products Breast feed infants whenever possible and minimize use 
of soy formula till long-term safety is clarified

Fish Refrain from consuming top predator wild fish more 
than once a week

No smoking Prevent fetal toxicity of tobacco and associated EDCs

Cosmetics Avoid unnecessary skin cream or lotion; 
when necessary, prioritize products without parabens

In-house 
environment

Avoid or limit the use of air freshener and paint; 
do not use insect repellents (sprays or 'hang-up bars');

Furniture Do not use new furniture/carpets (flame retardants) 

Gardening Avoid use of insecticides, fungicides

Patient  care Avoid or limit perfusion material containing phthalates
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Examples of recommendations based on the precaution principle



Thank you for your attention



What about neonatology ?

•



EDCs and premature birth ?

•



EDCs and premature birth ?

•

Endocrine disruptors Naissance
prématurée

Age gestationnel

OR ↗ ↘ ↔ ↗

Bisphenol A

• production of epoxy resins and polycarbonate 
plastics

• High levels in amniotic fluid and umbilical cord

Cantonwine et al. 2015
(BPA urinaire T3)

Wolff et al. 2008
(BPA urinaire T3)

Huang et al. 2019
(BPA urin T1 T2 T3)

Huang et al; 2019
(BPA urin T1 T2 
T3)

Padmanabhan et 
al. 2008
(BPA sang 
maternel)

Padmanabhan et al, 2015

Weinberger et al. 
2013 (BPA urinaire
grossesse)

Phtalates

• Present in many consumer products
• found in lotions, perfumes, and deodorants

• platiscizers
• Present in medical devices

Meeker et al, 2009
(Phtal urin T3)

Zhang et al 2020
(Phtal urin preconception)

Whyatt et al. 2009
(Phtal urin T3)

Walsh et ak 2022 Wolff et al, 
2008 (u PthT3)

Suzuki et al, 2010
(phtal urin)

Fergusson et al. 2014
(Pht urinaires, 4 spots)

Latini et al, 2003
(MEHP sg cordon)



remature neonates are born before 37 weeks of pregnancy due 
to low birth weight (<2500 g) or a health condition requiring 
specialized medical care. Of all phthalates, DEHP is the most 
widely used plasticizer in medical devices (Den Braver-Sewradj
et al., 2020). Few studies have reported elevated urinary levels 
of phthalate metabolites in preterm infants with low birth 
weight during the first weeks of intensive care or undergoing 
invasive procedures (Demirel et al., 2016; Frederiksen et al., 
2014; Strommen et al., 2016). Another significant source of 
phthalate exposure, particularly for children and neonates, 
comes from total parenteral nutrition (TPN) (Demirel et al., 
2016; Kambia et al., 2003; Loff et al., 2008). Exposure to DEHP 
in the neonatal intensive care unit (NICU) can significantly 
exceed the safe limit, and this might contribute to common 
short- and long-term complications of prematurity (Mallow and 
Fox, 2014). As preterm neonates have a small body size and 
pre-existing health conditions, the CRA of phthalate source of 
exposure in the NICU may be underestimated and should be of 
concern. Studies are lacking, and assessing the exposure of 
preterm neonates to anti-androgenic phthalates is crucial in 
evaluating their effects on fetal development and child health 
as they mature.


