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Introduction

It may seem odd to consider the etiology of obesity, when it 

may appear obvious:
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Pathogenesis
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Complex Condition

• The Foresight Obesity Project, ‘Tackling Obesities: Future 

Choices’, undertook a systems mapping exercise to 

visualize the causal factors of obesity to: 

• Help understand the complex systemic structure of obesity

• Contribute to developing a tool that helps policy makers in 

responding to obesity. 

• Let’s take a look: 

https://assets.publishing.service.gov.uk/government/uploads/s

ystem/uploads/attachment_data/file/296290/obesity-map-full-

hi-res.pdf
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Then, there are these options:
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Complex Condition

• Effective obesity management requires a systematic 

assessment of factors that can affect:

1. Energy Intake

2. Metabolism

3. Energy Expenditure
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CHAPTER 2 PART 1: 

GENETIC BASIS OF OBESITY
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Introduction

• There’s not a lot of emphasis on the 

concept of an “obesogenic” 

environment

• This term refers to an environment 

that promotes obesity among 

individuals and populations, 

including physical, economic, 

political, and sociocultural factors

? Let’s consider its effect on different 

individuals … 

? Interaction between environment 

and genetic risk factors

https://www.aihw.gov.au/getmedia/25663b47-a9a6-418b-8677-

a0af4627f1f8/aihw-phe-
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Introduction

• “Obesity arises from the interaction between genetic, 
environmental, and behavioral factors acting through the 
physiologic mediators of energy intake and energy 
expenditure.”

• “Appreciating the importance of genetic variation as an 
underlying cause helps to dispel the notion that obesity 
represents an individual fault in behavior.”
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Throughout this section, we will discuss

1. The Heritability of Fat Mass

2. Specific Genes of Obesity

3. Gene-Environment Interaction
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1. The Heritability of Fat Mass

• What do we mean by Heritability?

A measure of the extent to which the phenotypic variation 

in a trait such as obesity is genetically determined. 

Remaining phenotypic variation in this trait is attributed to 

environmental factors 
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1. The Heritability of Fat Mass

• There is considerable evidence to suggest that weight is a 

heritable trait. 

• Considering study designs for obesity heritability, in 

traditional nuclear families, family members generally 

share both genes and environment to some degree, so 

it is difficult to assess the contribution of each component

• Let’s look at:

1. Adoption studies

2. Twin studies
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Adoption studies

• Complete adoption studies are useful in separating the 

common environmental effects 

• Adoptive parents and their Adoptive offspring share only 

environmental sources of variance

• Adoptees and their biologic parents share only genetic

sources of variance.

Uploaded By: anonymousSTUDENTS-HUB.com



Uploaded By: anonymousSTUDENTS-HUB.com



Study Summary

• We examined the contributions of genetic factors and the family 

environment to human fatness in a sample of 540 adult Danish adoptees.

• There was a strong relation between the weight class of the adoptees 

and the body-mass index of their biologic parents - for the mothers, 

P<0.0001; for the fathers, P<0.02. 

• There was no relation between the weight class of the adoptees and the 

body-mass index of their adoptive parents. 

• We conclude that genetic influences have an important role in 

determining human fatness in adults, whereas the family environment 

alone has no apparent effect.
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Study Summary
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Twin Studies

• Traditionally the most 

favored model for 

separation of the genetic 

component of variance is 

based on studies of twins

• Monozygotic twins share 

100% of their genes 

• Dizygotic twins share 50% on 

average. 

Uploaded By: anonymousSTUDENTS-HUB.com



Twin Studies

• Genetic contribution to the BMI has been estimated to be 

64–84%. The limitation here might be that the twins share 

environmental factors. 

• A powerful tool for estimating genetic influence is the 

study of monozygotic twins reared apart 

• it is virtually a direct estimate of the heritability

• does not rely on the equal environmental exposure assumption
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Study Summary

• The samples consisted of:

• Identical: 93 reared apart and 154 reared together

• Fraternal: 218 reared apart and 208 reared together 

• These were participants in the Swedish Adoption/Twin 

Study of Aging

• The results showed strong evidence that heredity 

(genetics) plays a significant role in determining BMI. 

These values suggest that genetics account for about 

70% of the variation in BMI for men and 66% for 

women, even when the twins were raised in different 

environments.
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2. Specific Genes of Obesity

• Hereditary factors involved in obesity are associated with 

three types of biochemical processes: 

1) Food intake biochemical pathway (Satiety, hunger, and 

amount of food eaten)

2) Energy metabolism process (Energy from food is used 

or stored)

3) Adipogenesis process (Creating adipocytes). 
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Basic Genetic Terms
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Specific Genes

Monogenic 
Obesity

Syndromic
Obesity

Leptin and 
Melanocortin 

Pathways

Polygenic 
Obesity

Obesity can be categorized into monogenic obesity and 

polygenic obesity, based on the number of genes believed 

to be involved
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Monogenic Obesity

• Monogenic forms of obesity are rare, severe, and start in 

childhood. These single-gene disorders include cases in 

which obesity is one of many clinical symptoms 

The genetics of obesity: from discovery to biology. Ruth J. F. Loos & Giles S. H. YeoUploaded By: anonymousSTUDENTS-HUB.com
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Monogenic Obesity

1. Syndromic Obesity

The obesity occurs as part of a 
syndrome. Example:

Prader-Willi Syndrome (PWS)

PWS is perhaps the most common of 
the obesity syndromes (prevalence 
1/25,000 births). 

Characteristics: Obesity, reduced fetal 
activity, muscular hypotonia at birth, 
short stature, small hands and feet, 
intellectual disability, hypogonadism, 
and hyperphagia. 
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Monogenic Obesity

2. Alteration of the Leptin and Melanocortin Pathways

Some disorders specifically affect key factors of body 

weight regulation linked to the leptin and melanocortin

pathways 
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Monogenic Obesity

1. Leptin and Leptin Receptors:

Case 2: Mutations affecting the leptin 

receptor, rather than leptin levels, are 

responsible for obesity and hyperphagia in 

humans.

Case 1: Some humans with severe forms 

of hyperphagia and obesity have been 

shown to have congenital leptin 

deficiency 
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Monogenic Obesity

• Congenital leptin deficiency 

LEP gene mutations that cause congenital leptin deficiency lead 

to an absence of leptin

– Severe early-onset obesity (first few months of life)

– Intense hyperphagia with food-seeking behavior 

– inability to discriminate between appetizing and bland foods. 

– Hyperinsulinemia 

– Respond well to therapy (daily subcutaneous injections of 

recombinant human leptin)
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Monogenic Obesity

2. Proopiomelanocortin (POMC) and Melanocortin-4 

Receptor (MC4R)

The POMC protein plays a role in the transmission of the 

leptin signal from the periphery to the brain. 

POMC-derived neuropeptides act on the melanocortin-4 

receptor (MC4R), increasing the receptor’s activity when it 

is activated. 

POMC deficiency in humans has been reported in several 

patients and results in hyperphagia and early-onset obesity 

due to loss of melanocortin signaling. 
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Monogenic Obesity
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Polygenic Obesity

• The most common types of obesity result from interactions among 

multiple genes, environmental factors, behavioral habits, and 

lifestyles. 

• Many genes have been studied by a variety of genetic approaches 

and are thought to be associated with body mass, body fat, and fat 

distribution, or their potential to affect food intake, energy expenditure, 

nutrient partitioning, or adipogenesis. 

• They do not necessarily indicate causal relationships between 

genes and traits.
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Polygenic Obesity

• More than 100 polygenes/polygenic loci that play a role in body 

weight regulation are identified.

• Genes considered “candidates” for BMI variance due to their roles in 

central or peripheral pathways controlling energy intake and 

expenditure. 

Example: FTO gene SNPs (Single 

nucleotide polymorphisms)

One of the most studied genetic 

variants associated with obesity is 

FTO rs9939609

The SNP involves a change from 

adenine (A) to thymine (T) at a 

specific position in the FTO gene

(alleles are different versions of that 

gene) Uploaded By: anonymousSTUDENTS-HUB.com



An Obesity-Associated FTO Gene Variant and Increased 

Energy Intake in Children

Authors: Joanne Cecil, Ph.D., Roger Tavendale, Ph.D., Peter W

att, Ph.D., Marion M. Hetherington, Ph.D., and Colin 

N.A. Palmer. Published December 11, 2008

The A allele of the rs9939609 (SNP; T>A)
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What about managing weight?

• https://pubmed.ncbi.nlm.nih.gov/22310469/

• Key message: Individual differences in genetic makeup 

can significantly influence responses to treatment!
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Polygenic Obesity
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3. Gene–Environment Interactions

• The genetic and environmental aspects of obesity cannot 

be considered in isolation 

• Responses to dietary restrictions may vary depending on 

an individual’s genetic make-up 

• Although certain genes may increase one’s chances of 

becoming obese, changes in behavior or the environment 

may reduce the chances of developing this condition. 

• So  changing the current environment to one less 

conducive to obesity development may be critical to 

preventing the expression of genetic risk for obesity.
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Let’s discuss examples:

• FTO gene 
variants on 
responses to 
dietary fat 
intake

• The effect of 
omega-3 on 
gene 
expression 
related to fat 
metabolism in 
obesity
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Gene–Environment Interactions

• The increase in the prevalence of obesity in the last 30 

years demonstrates the importance of changing 

environmental factors. 

• Further evidence for the critical role of environmental 

factors in the development of obesity comes from migrant 

studies: 

 Let’s take a look
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Study Summary

• Mexican Pima Indians 

have lower insulin 

resistance in 

comparison with their 

genetically related U.S. 

counterparts, even after 

controlling for differences 

in obesity, age, and sex. 

• This finding underscores 

the importance of 

lifestyle factors as 

protecting factors
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Summary: Key Points

1. The heritability of adiposity has been shown to be 

substantial, complex, and non-additive;

2. Several regions of the human genome appear to harbor 

genes increasing the risk of obesity

3. The interactions between environmental and genetic 

factors are likely to play an important role in the 

development of obesity
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