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Incidence of Infectious Diseases and 
Immune Disorders

Bach, NEJM, 2002



Environmental Factors



• in utero
• perinatal
• neonatal
• first years

• in utero
• perinatal
• neonatal
• first years

Developmental Milestones In Life



Environmental factors during pregnancy 
affect fetal development and trigger 
or aggravate the onset 
of disease in later life of the chid

Concept of the
Fetal Programming Hypothesis



Plasticity of ‘Women’s Environment’ over 
the past Decades

1940       1950          1960          1970         1980        

 
1990          2000        2010

Incidence of infectious diseases 
Teen pregnancies
Smoking during pregnancy
Poor nutritional status

Higher maternal age at first pregnancy
Higher educational attainment of women 

Improved socioeconomic status
Advanced prenatal health care 

Improved hygiene



Plasticity of Environmental Challenges 
over the past Decades



Epidemiological Data Indicate Strong Link 
between Stress and Pregnancy Complications



High Social Rank Female Primates Have 
Higher Incidence of Miscarriages

Packer et al., Nature, 1995



Increased Risk for Spontaneous Miscarriage
In Humans

Arck et al., Reprod Biomed online (2008)



High Stress Perception is Associated 
with Lower Birth Weight *

High Stress (n=185)
Medium Stress (n=185)
Low Stress (n=185)

* Gestional age at time of delivery > 37 weeks
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Pincus et al., submitted



Elsenbruch et al., Hum Reprod (2006)

Low Social Support, High Stress Perception, 
Smoking and Birth Weight 



Mothers’ Stress and Anxiety during 
Pregnancy is Associated with Increased 

Risk for Asthma in the Children

Cookson et al., JACI (2009)





A Stress Mouse Model 



Prenatal Stress Challenge is Associated 
with Airway Hyperresponsiveness in 

Murine Adult Offspring

Pincus et al., J Immunol (2007)



Prenatal Stress Reduces Expression of 
CRH mRNA in the 

Paraventricular Nucleus of Mice
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Pincus-Knackstedt et al., J Immunol (2007)



Prenatal Stress Increases Anxiety in Mice
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Prenatal Stress Decreases Progesterone 
Levels in Elks

Creel et al., Science, 2007



Risk Factors for Spontaneous Miscarriage

Arck et al., Reprod Biomed online (2008)



Soaring stress hormones hit pregnancy

Friday, 22 June, 2001, 00:41 GMT 01:41





Continuation of Prospective Birth Cohort

1st Trimester
• Recruitment
• P Analysis

Birth
• Birth Weight

Children‘s Age 3 Years
• Incidence of 

Atopic Diseases
• Miscarriage



Association between Progesterone in Early 
Pregnancy and Atopic Dermatitis in Children

Pincus et al., J All Clin Immunol (in press)

Log. Regressionsanalyse, * = per unit increase

*
*



Simplified Scenario on 
Pathogenesis of  Fetal Origin of Diseases

Environmental Factors/Stress Perception

Maternal
Adaptation 
to 
Pregnancy

Placental 
Integrity 
and 
Function

Fetal 
Develop‐
ment

Postnatal
Develop‐
ment

Development of Diseases



Equalize Life Chances
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