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Developmental origin of health and disease (DOHaD)
• Research demonstrating the link between maternal, perinatal, and early 

childhood factors and risk on non-communicable diseases 

• Are ARTs a critical window of ‘exposure’?
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Developmental origin of health and disease (DOHaD)

• Infertility

• Pregnancy loss

• Congenital 
abnormalities

• Relatively normal postnatal development

• Risk for chronic diseases later in life

• Directly affect fetus or indirectly affect fetus via 
placenta

SEVERE MILD
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Benefit of Animal Models

• Ethics of experimentation in humans
• Controlled environment
• Controlled genetics
• Removes underlying infertility confounders 

between experimental groups and controls
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Most prevalent animal models of ART

• Mouse
• Cow
• Sheep
• Horse
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• Due to complex nature of studying 
long-term effects, in vitro and 
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Most prevalent animal models of ART

• Mouse
• Cow
• Sheep
• Horse

• Due to complex nature of studying 
long-term effects, in vitro and 
computer models are inadequate

• MOUSE
Long-term health 
outcomes
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Critical reading of animal studies

• Hormone levels
• Suboptimal culture methods

• Oxygen levels
• Type of culture media

• Sexes analyzed
• Only one sex?
• Both sexes together?

• Age at analysis
• Litter size

Lis
a V

roo
man



Cardiac outcomes

Watkins et al. 2007 
(both sexes)
• Increased blood pressure in 

males and females that 
were cultured as 
preimplantation embryos 
(fertilization in vivo)
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Cardiac outcomes

Schenewerk et al. 2013 
(both sexes)
• In juvenile mice produced after 

suboptimal media culture 
(fertilization in vivo) with normal 
or high fat diet:

• No differences in blood 
pressure

• Increased oxidative stress in 
mesenteric resistance arteries 
after culture regardless of diet

• Increased oxidative stress is 
linked to vascular remodeling 
which could lead to vascular 
dysfunction
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Cardiac outcomes

Ramirez-Perez et al. 2014 
(both sexes, analyzed together)
In juvenile mice produced after 
suboptimal media culture 
(fertilization in vivo) with normal 
or high fat diet:
• Mesenteric artery dysfunction 

and vascular remodeling in 
cultured, high fat diet mice.
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Cardiac outcomes

Donjacour et al. 2014
(both sexes)
• Reduced blood pressure and 

enlarged left hearts in males with 
suboptimal culture as 
preimplantation embryos Lis
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Cardiac outcomes

Rexhaj et al. 2015
(males only)
• Impaired endothelial-

dependent artery vasodilation
• Increased cartotid artery 

stiffness
• Increased blood pressure 
• Administration of butyrate 

(deacetylase inhibitor) 
improved vascular function, 
suggesting dysfunction is 
linked to epigenetic changes.
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Metabolic outcomes

• Conflicting findings and sex-dependent differences

Scott et al. 2010
(both sexes)
• Impaired glucose tolerance in 

females conceived by ICSI or 
IVF, no changes in males

Calle et al. 2012
(males only)
• Impaired glucose 

homeostasis in males after 
embryo culture

• Transmitted to offspring
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Metabolic outcomes

Donjacour et al. 2014 
(both sexes)
• Impaired glucose 

homeostasis in males after 
suboptimal embryo culture, 
no changes in females. 
Both sexes normal under 
optimal conditions.
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Metabolic outcomes

Feuer et al. 2014 
(both sexes)
IVF under suboptimal conditions:
• Impaired glucose tolerance in 

females; male trend but not 
significant

• Reduced BMI in males and 
females

IVF under optimal conditions:
• Increased fat deposition and 

fasting glucose levels in 
females, but glucose tolerance 
was normal

• No differences in males
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Metabolic outcomes

Chen et al. 2014a and 2014b
Males
• Increased fasting glucose 

levels and impaired glucose 
tolerance in IVF males with 
normal or high fat diet

• Reduced insulin levels in IVF 
males on high fat diet only

Females
• Increased fasting glucose 

levels and impaired glucose 
tolerance in IVF and 
hormone stimulated groups 
with high fat diet.
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Metabolic outcomes

Narapareddy et al. 2021 
(both sexes)
IVF under optimal 
conditions:
• Increased body weight 

and cholesterol in 
females 

• Increased triglycerides, 
insulin, and body fat in 
males

• No changes in blood 
pressure
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Other outcomes

Lifespan
Sommovilla et al. 2005 (both sexes)
• No differences
Rexhaj et al. 2013 (males only)
• IVF mice had 25% reduced lifespan with high fat diet

Neurological outcomes
Ecker et al. 2004 (males only) and Fernandez-Gonzalez et al. 
2004
• Decreased anxiety and impaired spatial memory in mice after 

suboptimal embryo culture
Other outcomes
Fernandez-Gonzalez. 2004 (males only)
• Increased organ size
• Risk of developing pneumonia, steatosis, and kidney 

inflammation
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The Future

Add-on procedures
• Cryopreservation
• Trophectoderm biopsy

Techniques 
• ‘omics’ analyses to determine mechanisms

• Transcriptome
• Proteome
• Epigenome
• Metabolome
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