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Many common diseases, such as cancer, diabetes, heart disease, and

YOUNG REVIEWERS: T
brain disorders, do not come from germs and cannot spread between

MARIBELLE people. Instead, these so-called non-communicable chronic diseases
Gl (NCDs) often develop slowly over time. Although they affect different
ST parts of the body, researchers are finding that many NCDs share a
e hidden problem: cells struggle to make and manage energy. Much of

this energy is produced by mitochondria, the “engines” inside cells.
SUVEDA When mitochondria do not work well, cells may rely too heavily on
AGE: 11 sugar for fuel and become more stressed and damaged. Scientists

are now using a simple measurement called the glucose—ketone
index (GKI) to study how cells balance different types of fuel from
the foods people eat. In this article, we explain how the GKI helps
researchers track cellular energy problems across different diseases
and why understanding energy use inside cells may lead to new ways
of protecting health as people age.
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NON-
COMMUNICABLE
CHRONIC DISEASES
(NCDS)

Diseases that do not
spread between people
and develop slowly
over time, such as
cancer, diabetes, heart
disease, and
Alzheimer's disease.

ENERGY
METABOLISM

The process cells use to
turn food into energy
needed for growth,
repair, communication,
and everyday functions.
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NOT ALL DISEASES COME FROM GERMS

Have you ever wondered why you can catch a cold or the measles
from someone sitting next to you, but you cannot develop diabetes
just by being around someone who has it? Diseases that spread from
person to person, called infectious diseases, are caused by germs
such as viruses or bacteria. In contrast, non-communicable chronic
diseases (NCDs) do not involve germs and cannot spread between
people (“"non-communicable’). Instead, they develop inside the body
over time (“chronic”). You may have heard of some of the major NCDs:
cancer, diabetes, heart disease, and Alzheimer’s disease.

Today, NCDs are a much bigger health problem than infectious
diseases in many countries. In fact, they are responsible for about 3 out
of 4 deaths worldwide [1]. In the United States, 6 of 10 people have at
least one NCD, and 4 out of 10 have two or more! Because NCDs often
develop gradually and last for many years, they are causing a growing
strain on people, families, and health systems.

NCDs become more common as people get older, but aging alone
does not explain why so many people develop these diseases.
Everyday habits can raise the risks of NCDs—such as not getting
enough physical activity, eating poorly, smoking, feeling stressed for
long periods, and not getting enough sleep. This means that many
NCDs are not just the result of "bad luck” or bad genes but are also
shaped by how people live.

DIFFERENT DISEASES, SAME CAUSE?

At first glance, NCDs look very different from one another. Cancer, one
of the deadliest NCDs, can begin in almost any part of the body and
involves cells that grow out of control. Diabetes affects the pancreas
and how the body manages sugar in the blood. Heart disease involves
damage to the heart and the blood vessels that carry oxygen and
nutrients throughout the body. Alzheimer’'s disease affects the brain,
slowly disrupting memory, thinking, and behavior.

Because these diseases affect different organs and cause different
symptoms, they are usually studied as separate problems. However,
researchers are noticing an important pattern. In many NCDs, cells
seem to struggle with the same thing: energy metabolism. Energy
metabolism is the process of making and managing the energy
cells need to function. Interestingly, increasing energy problems also
seem to be common in normal aging. When energy metabolism is
not working properly, it can affect how cells grow and respond to
stress, and it can even cause cells to die. Over time, these energy
problems can build up and lead to illness. You could think about
this like a car that starts to break down because the engine is
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Figure 1

Mitochondria can be
thought of as the
engines of the cell,
turning nutrients from
foods into energy.
When excess
carbohydrates are
eaten or when
mitochondria are
dysfunctional, glucose
is mainly used for fuel.
When energy is
produced this way, it
generates a lot of
“cellular exhaust” in the
form of reactive oxygen
species (ROS). When
the mitochondrial
‘engines” run on
ketone “superfuel” from
healthy fats, they
generate energy more
efficiently and produce
less ROS and other
toxic

“exhaust” substances.

MITOCHONDRIAL
DYSFUNCTION

When mitochondria do
not work properly,
making it harder for
cells to produce
enough energy to

stay healthy.
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struggling to burn fuel efficiently—eventually, the whole vehicle stops
working correctly.

MITOCHONDRIA: POWERING CELLS AND SHAPING
HEALTH

Every cell in the body needs a constant supply of energy to grow,
repair damage, communicate with other cells, and respond to changes
in its environment. In healthy cells, most energy is produced inside
small structures called mitochondria. Mitochondria act a bit like the
‘engines” of the cell, turning nutrients from food into energy cells can
use (Figure 1). Well-functioning mitochondria can help cells adjust
their energy production to meet the body’s changing energy needs,
such as during physical activity, stress, or growth. When mitochondria
are working well, cells, tissues, and organs can stay stable and healthy
over time.
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Figure 1

Problems arise when mitochondria become damaged or less
efficient—a condition known as mitochondrial dysfunction. Mitocho-
ndrial dysfunction can involve reduced numbers of mitochondria or
problems with their structure and function. Like NCDs, mitochondrial
dysfunction has been linked to poor diet, lack of exercise, and
exposure to certain toxic substances in the environment. When
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REACTIVE OXYGEN
SPECIES (ROS)

Harmful byproducts
made when cells
produce energy. Small
amounts are normal,
but too much can
damage cells and

cause long-term stress.

BIOMARKER

Something measurable,

like a substance in the
blood, that gives clues
about what is
happening inside

the body.

GLUCOSE-KETONE
INDEX (GKI)

A measurement that
compares levels of
glucose and ketones in
the blood to show
which fuels the body is
using for energy.
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mitochondria cannot produce energy properly, cells struggle to keep
up with their basic needs and eventually become sicker.

Inefficient energy production also leads to another problem. When
mitochondria are under stress, they can make higher amounts of
harmful byproducts called reactive oxygen species (ROS) [2]. Going
back to our “engine” analogy, you can think of ROS as “toxic exhaust”
coming out of a malfunctioning engine. Small amounts of ROS are
normal and can even help cells respond to short-term challenges.
However, when too much “toxic exhaust” builds up, it can damage
important parts of the cell, including proteins and DNA. ROS damage
can also trigger inflammation, the body’s response to injury, which can
add to cell stress if it continues for a long time.

Interestingly, researchers have observed signs of mitochondrial
dysfunction in all major cancers and NCDs, including diabetes, heart
disease, obesity, and some mental health disorders [3-5]. This tells
us that long-term problems with energy metabolism may play an
important role in NCDs. In fact, cells may start struggling with energy
metabolism long before a person shows obvious signs of NCDs.

MEASURING CELLULAR FUEL USE

If these energy problems start out quietly, deep inside a person’s cells
before they even feel sick, how can researchers find them? They
need a biomarker—something easily measurable (like checking the
level of sugar in the blood), that lets them predict which fuels the
mitochondrial engines are using to produce energy.

Human cells can get the energy they need from several types of fuels,
but we will focus on two: glucose and ketones. Glucose is a type of
sugar that comes mainly from carbohydrates in foods. Ketones are
small energy-rich molecules that the body can make from dietary
or body fat. Most of the time, cells use glucose as fuel because it
is more readily available. However, healthy mitochondria help cells
switch between glucose and ketones when energy demands change,
like during exercise or fasting. Evidence suggests that ketones are a
cellular “superfuel” because they make the mitochondrial engines run
much cleaner and generate energy more efficiently, producing less
ROS and other "toxic exhaust” substances.

When mitochondria are not working well, cells may rely more
heavily on inefficient use of glucose while making little use of
ketones. Eventually, this can stress cells, causing ROS to build up and
contributing to the development of NCDs.

The glucose-ketone index (GKI) is a relatively new tool researchers
can use to study these important cellular fuel patterns [6, 7]. The GKl is
a simple ratio between amounts of glucose and ketones present in the
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Figure 2

The GKI is the ratio
between the amounts
of glucose and ketones
present in the blood.
When ketone levels are
high and glucose levels
are low, the GKl is low.
This means that cells
have more access to
the ketone “superfuel”
that may place less
stress on cells. When
glucose levels are high
and ketone levels are
low, the GKl is high. In
this situation, cells
probably rely more on
glucose for energy,
which can contribute
to cellular stress.
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blood. Both fuels can be measured with simple blood tests, so the GKI
is an easy way to track fuel balance. A high GKI means glucose levels
are higher and ketone levels are lower, suggesting that cells are relying
mainly on glucose for energy. A low GKI means glucose levels are
lower and ketone levels are higher, giving mitochondria more access
to the “superfuel” that may place less stress on cells (Figure 2).
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GKI AS A BIOMARKER OF DISEASE

Researchers are currently studying how the GKI relates to disease.
They first developed the GKI as a biomarker to check whether brain
cancer patients were sticking to a diet designed to increase their
ketone levels [6, 8]. When researchers looked at GKls in people with
brain cancer, they noticed that many patients had high GKI values. A
high GKI was a clear signal that the patients had high blood glucose
levels, meaning brain cancer cells had easy access to the fuel that
helps them grow quickly. In contrast, a low GKI meant less glucose
was available to cancer cells, while healthy cells could rely more on
the ketone “superfuel”.

As research continued, scientists saw similar GKI patterns in other
NCDs, like heart disease and Alzheimer's [9]. Even though these
diseases affect different organs, they show the same “broken engine”
pattern in patients: high glucose use and low ketone use. This
suggests that the GKI could be a “universal” biomarker for energy
metabolism, helping researchers track energy use across a variety of
health conditions.

It is important to keep in mind that a high GKI cannot diagnose
a disease on its own—a high GKI reading does not tell doctors
what disease someone has or even if they have a disease at all.
Instead, a consistently high GKI could mean that a person’s energy
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NUTRITIONAL
KETOSIS

A state in which the
body makes and uses
ketones for energy
because it is getting
much less sugar
from food.
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metabolism is out of balance because of everyday factors, such as
eating a high-carbohydrate diet, being less active, or constantly feeling
stressed. To return to our analogy once again, the GKl is kind of like a
“‘check engine” warning light in a car: it tells researchers there may be a
problem with the energy metabolism “under the hood”, but other tests
are still needed to find the exact cause.

CAN GKI BE USED TO HELP TREAT OR PREVENT
DISEASES?

If the GKI acts as a “check engine” light for the body’s energy system,
the next logical question is whether it can be used to help a struggling
cellular engine run smoothly again... and thus whether changing a
person’s GKI could protect them against NCDs.

To explore this idea, researchers are focusing on diet and lifestyle
choices that can naturally produce a low GKI, shifting cells toward
using more ketones. One way to do this is through nutritional ketosis.
Nutritional ketosis occurs when a person consistently eats far fewer
carbohydrates and more fat than usual. With less sugar entering
the body, blood glucose levels drop and the body begins breaking
down fat for energy instead, producing ketones. In this state, blood
ketone levels increase, resulting in a low GKI and therefore giving
mitochondria greater access to ketone “superfuels” and essentially
reducing the cellular stress that leads to NCDs.

When researchers looked at GKls to see if patients were sticking to their
treatment diets, they found that patients who kept a low GKI (meaning
their cells were fueled mainly by ketones rather than glucose) often
stayed healthier for longer periods of time [10]. This suggests that the
GKlis more than just a warning signal—it is also a tool that researchers
can use to monitor how well a person’s cellular “engines” are
responding to a medical therapy or healthy lifestyle changes, such as
specialized exercise routines or stress-management techniques.

RETHINKING CHRONIC DISEASE

In summary, GKI research is helping scientists and doctors think
about NCDs in a new way. Instead of treating each disease as a
completely unique condition, they are asking whether long-lasting
energy problems inside cells could raise the risk of many different
diseases as people get older. As you have learned, NCDs that affect
very different parts of the body, such as cancer, heart disease,
diabetes, and brain disorders, often show similar signs of strained
cellular engines that are relying on the wrong fuel and producing too
much “exhaust”.
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Figure 3

This upside-down
pyramid illustrates a
new strategy for
restoring the body's
natural balance. In this
view, lifestyle habits,
like proper nutrition
and exercise, play the
biggest role in keeping
the cellular engines
healthy over many
years. Other factors,
like vitamins and
supplements (called
micronutrients), stress
management, and
medications can also
help to extend a
person’s healthspan.

HEALTHSPAN

The number of years a
person stays healthy,
active, and able to do
everyday activities, not

just how long they live.
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By studying energy metabolism with the GKI, researchers can see how
lifestyle habits, like nutrition and exercise, work together to improve
mitochondrial health across the whole body. While this research is still
in its early stages, these findings may point to a potential new strategy
for restoring the body’s natural balance, regardless of a person’s age
or even their genes (Figure 3).
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Figure 3

Ultimately, this new way of thinking about NCDs may be an important
step toward keeping our cellular engines healthy over many years.
The goal is not just to help people live longer, but to extend their
healthspan—the number of “good” years they spend feeling strong,
active, and healthy enough to keep doing the things they love.
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