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In this article, we look at the specific role that biology and genetics
have in overweight and obesity. We also explore the complex interplay
of our body’s systems and the external environment. See the rest of
Economist Impact’s Science of Obesity series for more about the role
of the social, cultural and built environments we live in (the social
determinants of health) and the mental health aspects of obesity.

How is food intake regulated?

The human brain and body has evolved a finely tuned system to balance energy
intake and expenditure (and, ultimately, body weight) to enable us to deal with
disease, feast or famine. In this article, we explore this system to understand the
implications for how and why people develop obesity.

This complex, dynamic system consists of three systems that work together:!

The homeostatic system—we are not consciously aware of the brain processing
hormonal and nerve feedback from organs such as the stomach and gut that
regulates our energy intake and expenditure. This feedback stimulates chemical
pathways in the brain, making us feel hungry or full, and affects our metabolism.
These processes are also linked to the hedonic system.

The hedonic system—this system is largely unconscious. Our senses (smell, sight,
texture, hearing and taste) stimulate the brain to release chemicals such as dopamine
that are linked to pleasure.

Executive function (cognitive decisions)—executive function is where conscious
decisions are made. Theoretically we are able to override our natural hunger or
desire to eat certain foods, but it takes a constant effort to counter the underlying
biological processes of the homeostatic and hedonic systems.?

Problems and disruptions in any of these three systems can make people more likely
to develop obesity. The way that these systems work together is explained in Figure 1.
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Figure 1: How food intake affects our brain (Adapted from Campos et al. 2022)*
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How are our genetics
linked to these systems?

There are over 1,000 gene variants associated with

obesity:® Each variant has a small effect, but they add up — T
when a person has several of them, predisposing that

individual to obesity (polygenic obesity).? Itis rare that

someone has a single genetic defect that affects a key “You can try and
hormone within the homeostatic system, causing - L
obesity—only around 5% of people living with obesity trl(:k the hedonlc

have this type of “monogenic obesity”.?

system, but you
However, genetics does not fully explain the rise in obesity y . .
over the past 40 years, a period that is too short for genetic can t glve up fOOd-

mutations to have evolved across populations, neither
does it explain variation across different socioeconomic
groups. What has changed is our sociocultural and food
environment.* Research has shown that high-fat diets
can disrupt both the hedonic and homeostatic systems,
highlighting how the biology of our bodies is affected by
the environment that we live in.

Professor Arya Sharma,
Founder of Obesity Canada




“There are differences in genetic predisposition.
If | expose people to the exact same diet and
exact same level of physical activity, some
people will gain weight and some won't.”

Professor Arya Sharma, Founder of Obesity Canada

Can we influence our genetic make-up?

When multiple genetic variants combine to make an individual
more susceptible to obesity, they can cause metabolic changes that:®

conserve energy, increase the tendency reduce the ability
burning fewer calories to store fat to burn fat for energy \ /I

Although we cannot change our genes, we can influence the level of “gene
expression’—the way your body reads and uses the gene sequence—termed
‘epigenetics”. For example, eating a high-fat diet can change the function of the
finely tuned pathways in the homeostatic system in as little as a week.> However,
we can also positively influence gene expression in fat cells, skeletal muscle

and the liver through exercise.” So although genetics affect our predisposition

to developing obesity, it is not an unavoidable certainty.

Why it isn’t as easy as fewer calories in,
and more calories out

Though it is easy to think of obesity as the outcome of an imbalance between energy
consumption and expenditure, it is not so simple. Our individual biology, genetics and
our environment interact to influence our weight (see Figure 2).8

Our basal metabolic rate—the calories that a person’s body needs for basic functions—
is determined by our body weight, gender, age and genetics.? This is largely beyond

“We see individuals who have a genetic
predisposition to obesity, where
the disease goes back generations.”

Dr David Sarwer, Director for Obesity Research
and Education, Temple University
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voluntary control. One famous study saw 16 people fed an excess of 1,000 calories per day—
by the end of eight weeks some had gained 4kg whilst others only gained 0.5kg, highlighting
how differently their bodies responded to the same conditions.®

Weight management is challenging because the body’s systems change in response to

our weight. Weight loss is difficult to sustain because the body perceives famine, and its
systems compensate in terms of how it uses energy to “protect” us, making it easy to regain
weight.* Whereas when we gain weight our metabolic needs increase, so our homeostatic
system sends chemical signals telling us to eat more. We then get used to this increase in
consumption and so the cycle continues. There is also some evidence that losing weight
causes changes to the chemical signals in our body associated with appetite—for example,
increases in feelings of hunger that do not return to pre-weight-loss levels even after a year.”

Figure 2 shows the different influences on our energy expenditure and highlights how daily
activity throughout the day has a greater effect than exercise.® Hence, sedentary jobs have a
big impact on weight management because they keep us still for long periods when we might
otherwise be moving.

Figure 2: Influences on energy expenditure (Adapted from von Loeffelholz et al. 2022)*
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*Thermic effect of food refers to the increase in metabolic rate that occurs after a meal.
The basal metabolic rate is the metabolic rate during rest, while the person is awake.




“We still have a tremendous amount
of work to do to re-design our environment
in away that promotes health and
sustained weight control over time.”

Dr David Sarwer, Director for Obesity Research and Education

What is the physiological impact of obesity?

Obesity is not just excess body weight—the World Health Organisation (WHO) defines
it as a “chronic complex disease defined by excessive adiposity [body fat] that can
impair health”, and the World Obesity Federation characterises it as a “chronic relapsing
disease process”.*'? Storing fat is a normal part of a healthy body’s function; issues arise
when there is excess body fat. When we have excess fat, the fat cells become enlarged
and accumulate around organs, causing inflammation and hormonal imbalances, which
contribute to a host of chronic conditions.*™

These physiological changes can lead to the body becoming resistant to insulin and the
individual developing type 2 diabetes.*™ In addition, inflammation and high cholesterol
in the blood stream contribute to the development of cardiovascular diseases.* Obesity
can also result in mechanical issues in the body, such as back pain, osteoarthritis and
sleep apnoea.” Figure 3 maps out how some of the physical impacts of obesity can lead
to other conditions.*




Figure 3: The relationship between obesity and other key chronic conditions
(Adapted from Bray et al. 2017)*

Obesity can directly cause other health conditions, but it also indirectly affects how
straightforward those conditions are to manage. In the case of cancer, obesity is a risk
factor for developing breast cancer and is associated with a poorer prognosis—the risk
of death is more than doubled for women with a BMI of 40 kg/m? or more.™
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What needs to be done? I
1
We see the complex ways in which our individual biological systems, genetics and \
environment interact in ways that can be damaging to our health. It is clear that only -
advising people with obesity to diet and exercise is setting them up to fail. The global -\
rise in obesity looks set to continue unless we make some radical changes. - N
~
« Tackling misconceptions and increasing overall understanding of the biology of obesity
is critical to policymaking. The drivers of obesity are complex and interconnected, and
understanding the biological processes involved in obesity can support the design of - -
policies that provide long-term support for people living with obesity that is sustainable —
and evidence-based. Recognising obesity as a disease in its own right (rather than as a
risk factor) would further support addressing it alongside other chronic conditions. -

« Along-term and sustainable whole-of-government and whole-of-society response is
needed. To prevent and manage obesity, there is a need for investment of money and
political will across the whole of government and whole-of-society —not just health
ministries.

« Policy needs to reflect all drivers of obesity and not just focus on individual-level action.
This involves implementing policies and initiatives to reduce our obesogenic
environment and address the social determinants of health. This includes the food and
drink industry, transport, leisure, and employment practices. These are not new
ideas—the WHO and the World Obesity Federation have set out clear strategies, but
uptake has been inadequate so far.

“We know what works and what
doesn’t work and yet a lot of our
policy is still at its heart focused on
individual-level interventions.”

Dr Sara Bleich, Professor of Public Health Policy, Harvard University
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