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Our cells use the food we eat to produce the energy needed to do

work. This amazing process is called metabolism and it is necessary

for survival. If we eatmore thanwe need, wewill gain weight andmay

become obese. Obesity a�ects how cells and organs perform work

and also increases the risk ofmetabolic diseases, which include type 2

diabetes and cardiovascular diseases.Metabolic diseases are themost

common diseases of our time. National and global health authorities

are working hard to prevent and treat obesity and obesity-related

diseases. However, some people with obesity appear to have normal

metabolism. Why do some obese people develop metabolic diseases

while others do not? In this article, we discuss how metabolism may

di�er in people with obesity. We also describe some key reasons why

some people with obesity may be healthier than others.
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METABOLIC REGULATION IS NECESSARY FOR

SURVIVAL

The work that the cells of an organism perform to stay alive is
called metabolism. The energy required for metabolism comes

METABOLISM

All the work that cells
of a living organism
perform to stay alive.

from nutrients in foods that we eat, digest, and absorb into the
bloodstream (Figure 1). Carbohydrates, fats, and proteins from foods
are energy sources for the body’s cells. A healthy diet—including
fruits and vegetables, whole grains, and fish—is an important source
of nutrients and energy. Together with exercise, a healthy diet
will result in a well-regulated metabolism and a reduced risk of
certain diseases.

Figure 1

Figure 1

Food is digested in the
gut and nutrients, like
glucose and fat, are
taken up by the blood.
The blood transports
the nutrients to cells
and organs, which use
them for energy
metabolism. If energy is
not needed, the
nutrients are converted
to fat and stored for
later use.

Carbohydrates are the most important energy source for the body’s
cells. Carbohydrates are taken up into the blood from the intestine, in
the form of a sugar called glucose. The level of glucose in the blood

GLUCOSE

A simple sugar
molecule (a
monosaccharide, a
type of carbohydrate).
An important energy
source for cells, and
always found in blood.

increases after a meal and decreases again when the cells take it up.
To fuel our bodies when we are not eating, we also need to store

metabolic fuels. Fat is the most energy-dense nutrient and is the form
inwhich energy is storedwhenwe take inmore food thanwe currently
need for energy.

Metabolism must be carefully regulated so that our bodies can
deal with short- and long-term changes in energy availability. This
regulation involves communication between various tissues and
organs. After a meal, when we start to exercise, or after an overnight
fast, the body’s organs must be informed about whether energy
should be stored or mobilized from storage sites. Much of this
communication is done by signaling molecules traveling in the
blood, including hormones and metabolites (chemical products of
metabolism). The body’s ability to store energy as fat is important for
survival and allows us to vary our energy intake from day to day. Today,
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however, most of us live inactive lives and have an abundance of tasty
and energy-dense foods available. Unfortunately, this makes it easy
to eat more food than the body needs, leading to increased weight
and obesity.

OBESITY IS ELEVATEDWEIGHT RELATIVE TO HEIGHT

All over the world, the number of people with obesity has been
OBESITY

A body mass index
(BMI) of 30 kg/m2

or more.

increasing [1]. The number of children with obesity is also increasing,
and during the last 40 years (1975–2016) the number of girls with
obesity has increased from 5 to 50 million and the number of boys
with obesity has increased 6–74 million [2]. But what is obesity?
Obesity is simply when a person’s weight is elevated relative to their
height. To figure out how elevated a person’s weight must be to
be considered obese, we must calculate the body mass index, or

BODY MASS INDEX

A measure of excess
adiposity. Calculated as
a person’s weight in
kilograms divided by
the square of the height
in meters: kg/m2.

BMI. BMI is the weight in kilograms divided by the square of the
height in meters (kg/m2). Using this measure, people fall into one of
four categories: underweight, normal weight, overweight, and obesity.
Obesity is defined as a BMI of 30 kg/m2 or more. Note that, by this
definition, a person defined as obese may have a lot of muscle mass.
However, most people with obesity have large body-fat stores.

OBESITY INCREASES THE RISK OFMETABOLIC

DISEASES

There are two main stores of body fat: underneath the skin, called
subcutaneous fat, and surrounding the organs in the abdomen,
called visceral fat. The visceral fat stores are the most important
for metabolic regulation—if a person’s visceral fat stores increase, at
some point, their metabolic regulation will be a�ected and may even
be dysfunctional. Over time, a dysfunctional metabolism can lead
to metabolic diseases such as type 2 diabetes and cardiovascular

METABOLIC

DISEASES

An umbrella term for a
broad range of diseases
a�ecting metabolism,
including obesity, type
2 diabetes,
cardiovascular disease.

TYPE 2 DIABETES

A condition in which
cells cannot use blood
glucose e�ciently for
energy, so the glucose
level in blood gradually
gets too high.

diseases [3]. These are the most common diseases of our time, and
both national and global health authorities are working to treat and
prevent obesity and obesity-related diseases.

CARDIOVASCULAR

DISEASE

A general term for
conditions a�ecting the
heart or blood vessels,
such as heart attack
and stroke.

Weight reduction will normally improve metabolic regulation and
thereby reduce the risk of metabolic diseases. But unfortunately,
weight reduction may be di�cult to maintain for a long period—often
excess weight is regained. To e�ectively prevent and treat obesity
-related diseases, we need more knowledge about how metabolism
is a�ected by obesity.

BIOMARKERS OF HEALTH AND DISEASE

If you have an infection, you often know this because you feel sick
and have a fever. Metabolic diseases take years to develop, and
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people often do not have obvious symptoms while these diseases
are developing. To understand a person’s risk for metabolic diseases,
blood samples are taken to measure biomarkers—substances that

BIOMARKER

A substance that is
measured in blood,
urine, or another tissue
and is used as an
indicator of normal or
abnormal
biological processes.

indicate the status of metabolism and overall health.

The amounts of glucose and fat in the blood are carefully regulated
as part of normal metabolism. In addition, molecules called fat
transporters function to move fat throughout the body via the blood.
When fat stores increase, so do the amounts of glucose, fat, and fat
transporters in the blood. These substances can serve as biomarkers
and their levels are therefore used as indicators of health status. There
may be many other biomarkers of metabolic regulation that may be
discovered as we continue to study the metabolism of people with
obesity compared to people with normal weight. Maybe there are
markers that can warn us about the risk of metabolic diseases long
before they occur!

PEOPLEWITH OBESITY ARE DIVERSE

Although obesity generally increases the risk of developing metabolic
diseases, people with obesity are diverse. Some people with obesity
are described as low-risk obesity meaning, when compared to people
with high-risk obesity, they have healthier blood fat levels and normal
or only slightly a�ected blood glucose regulation, despite having
similar amounts of body fat [4, 5]. Why is this? Could there be
undiscovered biomarkers that explain this di�erence in obesity-related
metabolic regulation? Perhaps individuals with low-risk obesity will
transition to high-risk obesity with time?

One way to start answering these questions is to study metabolic
regulation in people with low-risk and high-risk obesity—and that is
what we did. We created a detailed map of many kinds of molecules in
the blood thatmay increase our understanding ofmetabolic regulation
in obesity, to see whether any of those molecules might serve as new
biomarkers of health and disease.

CHARACTERISTICS OF INDIVIDUALSWITH LOW-RISK

OBESITY

Our study included 30 participants (18 males and 12 females) who
were divided into three groups: low-risk obesity, high-risk obesity,
and healthy normal weight. Participants were grouped based on BMI
and blood levels of fat and glucose. While the low-risk obesity and
normal-weight groups had normal levels of fat and glucose in blood,
the high-risk obesity group had high blood levels of these biomarkers.
In the low-risk obesity group, there were nine participants with amean
age of 49 years andmean BMI of 33 kg/m2. The high-risk obesity group
had 10 participants with a mean age of 52 years and mean BMI of 32
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kg/m2. The normal weight group had 11 participants with a mean age
of 47 years and mean BMI of 23 kg/m2 [6]. To investigate possible new
biomarkers for high- and low-risk obesity, we analyzed blood samples
for a wide range of metabolites.

We found that the low-risk obesity group had lower levels of
various fat transporters in their blood compared to the high-risk
obesity group (Figure 2). They also had lower levels of some amino
acids—the building blocks of proteins—namely isoleucine, leucine,
and valine. The normal-weight group had lower levels of the amino
acid phenylalanine compared with the low-risk obesity group. The
types of fat found in the blood were more favorable, meaning less of
the fat that cause cardiovascular disease, in the low-risk obesity group
compared with the high-risk obesity group (Figure 2).

Figure 2

Figure 2

Compared to low-risk
obesity, high-risk
obesity is characterized
by higher blood levels
of fat and amino acids,
and lower blood levels
of “good fat”.
Compared to low-risk
obesity, normal weight
is characterized by
lower blood levels of
fat and unchanged
levels of amino acids.

The low-risk obesity profile could possibly be explained by a healthier
lifestyle. Although our study did not completely rule out a role of
diet, we found no di�erences in dietary intake of total energy, fat,
protein, carbohydrates, or alcohol between people with low-risk
obesity and high-risk obesity. In this study we did not measure the
participants’ regular physical activity level. Physical activity is beneficial
for metabolic regulation and might explain some of the di�erences
between the two obesity groups. There may also be genetic variation
between the groups explaining the di�erences. Althoughwe do not yet
understandwhy some peoplewith obesity do not have the same risk of
developing metabolic diseases, it is possible that these individuals will
have metabolic diseases at a later timepoint. This means that obesity
related metabolic diseases may be delayed or even prevented if we
know the biomarkers that reflect the risk at an earlier timepoint.
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CONCLUSION

Peoplewith obesity are diverse—some develop high-risk obesity, while
others are more fortunate. Our study found that low-risk obesity
is characterized not only by levels of blood glucose and fats in
the normal range, but also by other metabolic markers, such as
lower circulating levels of amino acids and a broad range of fats.
This might mean that some biomarkers may be more predictive of
metabolic disease risk. These findings may help to provide a deeper
understanding of obesity and its complications, which may eventually
improve prevention and treatment of obesity and health.
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