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Heterogeneity

• Why do some of us go on and 
develop diabetes, cancer, 
obesity... Etc? 

• Why do some of us develop 
severe forms of these diseases 
yet others do not?

• Why do some of us respond 
positively to 
medications/interventions 
while others do not?



The blueprint that allowed us to answer 
most of these questions…



The Human Genome Project and Omics Disciplines
A catalyst for…

• Genomics involves the comprehensive study of the entire genome, 
which includes sequencing, mapping, and analyzing DNA to 
understand genetic variations and functions.

• Transcriptomics focuses on the transcriptome, analyzing all RNA 
molecules to understand gene expression levels and regulation 
mechanisms in different conditions.

• Proteomics examines the entire set of proteins, looking at protein 
expression, structure, and functions to gain insights into cellular 
processes.

• Metabolomics analyzes the metabolome, which includes small 
molecules and metabolites, to understand metabolic pathways and 
physiological states.

• Epigenomics explores epigenetic changes, such as DNA methylation 
and histone modification, which influence gene expression without 
altering the genetic code.

Omics



Genetic Insights on Obesity Before the Human Genome 
Project

Two Key Genetic Discoveries Pre-HGP

• Familial Studies: Observational studies in families and 
twins established that obesity has a heritable component, 
with heritability estimates ranging from 40% to 70%.

• Single-Gene Disorders (1997): Rare cases of monogenic 
obesity (caused by mutations in a single gene). 

• LEP (Leptin gene): Mutations in this gene were linked to 
severe early-onset obesity 

• Undetectable serum leptin levels and resulting in 
disruption in appetite regulation.

• Accounted for less than 1% of cases

Historical Context

Montague, CT et al. (1997) Stunkard, A et al. (1986)





Timeline of  Key Genetic Findings Related to Obesity 
after The Human Genome Project

Major Milestones in identifying genomic 
variations associated with obesity

• 2007: First Genome-Wide Association Studies 
(GWAS). The FTO gene was discovered as the first gene 
linked to fat mass and obesity, indicating variants that increase 
obesity and type 2 diabetes risk.

• 2010s: Continuation to study candidate-genes along 
with GWAS Identified numerous genetic variants associated 
(e.g. MC4R gene variants) with BMI and obesity, showcasing 
the complexity of genetic factors.

• 2015: First Meta-GWAS showcasing the complexity of 
genetic factors associated

• 2018: Polygenic Risk Scores (PRS) that summarize the 
impact of multiple genetic variations on obesity risk.

Genetic Research



2007: First GWAS





2008-2015: More genomic variations associated 
with obesity were being discovered…



Obesity is a disease in the US. Should it be? - BBC News

A.M.A. Recognizes Obesity as a Disease - The New York Times

https://www.bbc.com/news/23011804.amp?utm_source=chatgpt.com
https://www.nytimes.com/2013/06/19/business/ama-recognizes-obesity-as-a-disease.html


2019: Polygenic/genetic risk scores - can 
we predict who will develop obesity? 



2022: Monogenic obesity – Is it now more 
common than what we thought?

• More than 100 obese 
children were sequenced

• About 10% found to have a 
“pathogenic” or “likely-
pathogenic” mutation

• 38.5% had a variant of 
unknow significance 
(VUS) within a gene that 
has been reported to be 
correlated with obesity 



Can genomic variation influence weight loss after 
interventions? 

Pharmacogenomics Surgigenomics Nutrigenomics



Weight loss after obesity interventions are 
influenced by genetic variations 



Polygenic/genetic risk scores have been used to 
predict/estimate weight loss outcomes

• Similar studies have shown an AUC 
of 0.888

• Useful tool to predict surgical 
outcomes in advance 

• Provides clinicians with a 
personalised management plan



Can we choose the best type of surgery?



Emerging research on redefining obesity 
phenotypes into subcategories…

Acosta A et al., (2021) 



Challenges to overcome and gaps to fill

Anticipating advancement in technology Biobanks and longitudinal follow-ups

Are we ready?
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