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Abstract

In vitro fertilisation (IVF) has been widely used to treat infertility since 1978. Worldwide,
there are over 5 million children who have been born following assisted reproduction,
mostly by IVF. However, the long term health implications of IVF are unknown. This

thesis focuses on the metabolic risks of I\VF in adult humans and mouse offspring.

A suboptimal in vivo environment during pregnancy, and the early postnatal period,
predisposes offspring to chronic diseases later in life. Preimplantation embryos are also
sensitive to adverse environmental insults in vivo or in vitro. Emerging evidence suggests
that IVF children may be at an increased risk of developing metabolic and cardiovascular
diseases. However, it is unclear if increased risk is related to the underlying genetics of the
parents, environmental factors, or the treatment procedures per se which include both

ovarian stimulation and embryo culture.

This is the first study to show that IVF adult humans were insulin resistant, by using gold
standard assessment hyperinsulinemic-euglycemic clamp, compared to BMI and aged
matched naturally conceived individuals after 3 days of a baseline energy balanced diet
(30% fat), and that they tended to be more susceptible to the metabolic consequences of 3
days of high-fat overfeeding (+1250 kcal/day, 45% fat) as evidenced by a greater increase

in systolic blood pressure.

To separate out potential genetic and environmental confounders as well as the effects of
ovarian stimulation versus embryo culture, we developed an IVF mouse model using
inbred C57BL/6J mice. Here, we examined glucose metabolism in adult offspring
conceived by natural conception (NC), by ovarian stimulation alone (OS) or by IVF, and

then fed a chow or high-fat diet (60% fat) for 8 weeks. Our data suggest it is the process of
VI



IVF itself that contributes to impaired glucose metabolism in the adult mouse, which was
more prominent in males. Moreover, we show that ovarian stimulation impairs fetal
growth, and also results in glucose intolerance in offspring, which was unmasked by a
high-fat diet in adult females. This study suggests that ovarian stimulation alone and IVF
may program distinct metabolic effects in the offspring, but that high fat diet may be

required to uncover these differences.

Our data shows that the preimplantation period is a critical stage for development and later
adult health. The mechanisms underlying these differences are unclear, but may involve
epigenetic modifications and/or changes in mitochondrial numbers and function. We
initially examined whether altered DNA methylation and expression of key genes
PPARGCI1A and IGF2 occurs in peripheral insulin sensitive tissues of morbidly obese
individuals with or without type 2 diabetes. Our data showed that obese patients with and
without type 2 diabetes displayed tissue specific DNA methylation of PPARGC1A and
IGF2, highlighting the importance of measuring individual tissues in this response in
humans and controlling for adiposity. Whether these alternations are evident in IVF

conceived adults requires further study.

In conclusion, this study highlights an increased risk of developing type 2 diabetes and

cardiovascular disease in IVF offspring later in life in an obesogenic environment.
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TBS: Tris-buffered saline
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TBST: Tris-buffered saline with Tween 20
T2DM: Type 2 diabetes

TE: Trophectoderm

Tfam: Mitochondrial transcription factor A
TG: Triglycerides

TGFp: Transforming growth factor 3
TNF-o: Tumour neorosis factor o

UBE3A: E6-AP ubiquitin-protein ligase

WHO: World Health Organization
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