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Problems with the heart and blood vessels, called cardiovascular
diseases, are very common—heart attacks, high blood pressure,
GEORGE and strokes are well-known examples. Although medicines and
WY AGES other treatments are available for many cardiovascular diseases,
they remain the leading cause of death worldwide. This is because

YOUNG REVIEWERS:

:/::i:A cardiovascular diseases are extremely complicated. They involve
multiple body systems and many types of cells, all interacting in

< MIESZKO complex ways. Also, cardiovascular diseases are slightly different in
@ AGE: 11 each patient, which means a “one-size-fits-all” treatment, like a pill

to lower cholesterol, does not always work for everyone. Precision
medicine is a personalized approach that could help improve
cardiovascular disease treatment by collecting loads of detailed
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CARDIOVASCULAR
SYSTEM

The body's system
made up of the heart
and blood vessels,
which works to move
blood, oxygen, and
nutrients to every part
of the body.

data about each patient’s genes, proteins, and cells. Computers and
artificial intelligence are then used to figure out the interactions,
find patterns, and predict the best treatments. In short, precision
cardiovascular medicine could transform the future of cardiovascular
disease treatment, improving and saving thousands of lives.

THE GLOBAL HEART DISEASE CRISIS

The heart is an incredible organ. From before you are born until the
end of your life, it never stops working. The heart beats about 100,000
times a day, pumping blood through a vast network of blood vessels
that reaches every part of your body. This system—made up of the
heart, blood, and blood vessels—is called the cardiovascular system,
and itis essential for delivering oxygen and nutrients to cells, removing
waste, and keeping the whole body in balance. But when something
goes wrong with the cardiovascular system, the consequences can be
serious or even deadly.

Cardiovascular disease is the broad name for many conditions that
affect the heart and blood vessels. There are too many types of
cardiovascular disease to explain them all in this article, but you may
already know something about common cardiovascular diseases like
heart attacks, strokes, high blood pressure, and irregular heart rhythmes.
Cardiovascular disease causes more deaths than any other disease. In
2020 alone, about 19 million people worldwide died of cardiovascular
disease—this is nearly twice as many deaths as all types of cancer
combined [1].

Despite decades of research aiming to understand what causes
cardiovascular disease, how to predict who is at the highest risk, and
how to treat it effectively, rates of cardiovascular disease keep rising.
Why is this happening and how can we fight this growing crisis?

CARDIOVASCULAR DISEASE IS COMPLICATED

A major reason why the fight against cardiovascular disease is so
difficult is that it is highly variable and does not look the same in
every person. Even within the same cardiovascular disease (heart
attacks, for example) there is variability in terms of what causes the
condition, the symptoms a person has, and how the person reacts to
treatments. For example, one heart attack patient might be a smoker
with high cholesterol, while another might be a non-smoker with
normal cholesterol levels. One patient might experience severe chest
pain, while another might feel only mild discomfort or have no warning
signs at all. Even at the cellular level, the same disease can take various
forms by affecting one biological pathway in some patients and a
different pathway in others.
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STATINS

Medicines that lower
cholesterol levels in the
blood, helping to
prevent heart attacks
and strokes by reducing
the buildup of harmful
fat in blood vessels.

Figure 1

There are many reasons
why heart disease
might not look the
same in every person,
including differences in
genes, environment,
lifestyle, or other
diseases a patient may
have. These factors can
lead to differences in
symptoms, different
biological pathways
(the step-by-step
processes inside cells)
that can lead to
disease, and differences
in the way people with
the same disease
respond to treatments.

Similarly, common cardiovascular disease medicines work well for
some patients but not for others. Drugs called statins, for instance,
are widely used to lower cholesterol and reduce the risk of heart
attacks and strokes. While statins and other approved therapies work
well to reduce bad cholesterol levels, many patients still develop
cardiovascular diseases due to other underlying causes such as
long-term inflammation [2].

Cardiovascular disease’s variability is shaped by many interacting
factors, including a patient’'s unique genes, their environment (such
as exposure to air pollution, the climate they live in, and access
to healthcare), and their lifestyle (diet, exercise, and stress levels)
(Figure 1). Variability makes cardiovascular disease extremely difficult
to predict, prevent, and treat. Recently, researchers have been shifting
toward a new, more personalized approach, which aims to fight
cardiovascular disease by considering each person’s unique biology
and circumstances. To do so, they must understand the many factors
at play—from differences in tiny molecules inside cells to lifestyle
patterns across entire populations.
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LOOKING AT THE “BIG PICTURE"” TO UNDERSTAND
CARDIOVASCULAR DISEASE

Imagine trying to understand why a power outage is happening in a
city by looking at just a single building—it would be impossible to figure
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RISK FACTOR

Something that
increases a person’s
chance of developing a
disease, like smoking,
high blood pressure, or
having a family history
of heart problems.

SYSTEMS MEDICINE

An approach to
medicine that looks at
how different parts of
the body—like organs,
cells, and
genes—interact, using
big-picture data to
understand disease.

OMICS

A group of tools that
study all the genes,
proteins, or other types
of molecules in a cell
or body to understand
how it works or what
went wrong.

out what was causing the problem. But if you zoom out and look at
the big picture, including all the neighborhoods, the powerlines that
connect them, and the various parts of the power grid that might have
failed, you can more easily find the source of the problem and figure
out how to fix it.

For years, researchers have primarily used a hypothesis-driven method
to study cardiovascular disease. Hypothesis-driven research focuses
on a single gene (e.g., ApoE, a gene linked to “bad” cholesterol) or risk
factor (e.g., high cholesterol or smoking) and evaluates its contribution
to disease. But because cardiovascular disease results from a web of
interacting factors, hypothesis-driven research must be supplemented
with systems medicine, which looks at the big picture [3]. Instead of
looking at one building in a city with no power, a systems medicine
approach looks at the entire network of interacting factors. Systems
medicine is transforming the way scientists understand complex
diseases—it is already being used to study conditions like sepsis,
Alzheimer's disease, and certain types of cancer, for example.

As you can imagine, a systems medicine approach to cardiovascular
disease is much more complicated than the traditional method, in
which every patient with a certain disease is treated similarly and
prescribed the same medicines. So, how do scientists actually study
such a complex system?

DECODING CARDIOVASCULAR DISEASE ONE CELLATA
TIME

To understand cardiovascular disease and why it is so different
from person to person, scientists use an approach called omics.
Instead of measuring one thing at a time, omics helps researchers
study thousands of molecules, like proteins, at once—giving them
a big-picture view of what is happening inside the body. Different
types of omics focus on different parts of biology (Figure 2A). By
looking at all the proteins at the same time, for example, researchers
may see patterns and connections that help them better understand
cardiovascular disease, including what makes someone more likely
to develop it or how a certain patient's condition might change
over time.

But there is a challenge: traditional omics methods usually study
mixtures of many cells at once, giving researchers only an “average”
picture of what is happening. For example, a heart tissue sample can
contain muscle cells, immune cells, and cells that line blood vessels, all
working together. So, if that sample shows high levels of a molecule,
researchers might not know which types of cells are making it, or if
some cells are making too much while others are making too little.
To solve this problem, scientists have developed single-cell omics, a
newer type of omics that studies one cell at a time instead of blending
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Figure 2

(A) Each type of omics
focuses on a different
aspect of biology. For
example, genomics
looks at which genes
are present in an
organism’s DNA;
transcriptomics reveals
which genes are turned
on or off in different
conditions; proteomics
looks at the proteins
produced by cells; and
metabolomics studies
the small chemicals
made as cells perform
their functions. (B)
Traditional omics
techniques analyze
mixtures of many cells
at once, providing an
“average” picture of
what is happening in a
biological sample. By
looking at individual
cells, single-cell omics
can help researchers
understand exactly
what each cell is doing
and how it might
contribute to disease.

SINGLE-CELL RNA
SEQUENCING

A technique that shows
which genes are active
in individual cells
instead of mixtures,
helping scientists
understand how
different cell types
work and how diseases
affect them.
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them together (Figure 2B). For instance, single-cell RNA sequencing
shows which genes are turned on or off inside individual cells by
measuring their RNA. Other single-cell omics methods can study
proteins or metabolites in each single cell, similar to how bulk studies
characterize them in cell or tissue mixtures.

Understanding these cellular details is essential for pinpointing the
root causes of cardiovascular disease. For example, a type of immune
cells called macrophages can behave very differently in different
people [4, 5]. Some macrophages help heal arteries damaged by
cholesterol, while others cause harmful inflammation that makes
cardiovascular disease worse. Thanks to single-cell omics, scientists
discovered that the balance between such macrophage types in the
blood vessels may vary among people. Some types may respond well
to cholesterol-lowering drugs like statins, while others do not. This
may explain why statins work for some patients but not for others—and
could help doctors choose the right treatment more often.

USING Al TO MAKE SENSE OF CARDIOVASCULAR
DISEASE

The powerful tools scientists use to study cardiovascular disease—such
as omics and single-cell technologies—produce enormous amounts
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ARTIFICIAL
INTELLIGENCE

Computer systems that
can learn from data,
make decisions, and
help scientists find
patterns in complex
information—faster
than humans can.

RNA-BASED
THERAPIES

Treatments that use
RNA molecules to
directly change how
cells behave—unlike
traditional drugs, which
usually work by
blocking or activating
proteins after they

are made.

of data. A single experiment can reveal millions of pieces of
information about genes, proteins, or other molecules. Sorting
through all that data to find useful patterns would take humans
years—if they could do it at all. That is why scientists sometimes use
artificial intelligence (Al) to help.

Al is a type of computer technology that can quickly find patterns
in “big” data and make predictions based on those findings. In
cardiovascular disease research, Al can help scientists figure out which
genes or molecules are linked to certain types of cardiovascular
disease, and which patterns are connected to higher risk. For example,
Al can group patients based on complex patterns in their gene activity,
helping researchers discover new subtypes of the disease. These
patterns might even be able to predict whether a person’s condition
might stay stable or worsen quickly, quiding doctors to choose the
best type of treatment for each patient. Al can also look beyond
biology. It can analyze other important factors, like exposure to air
pollution, diet, stress levels, or access to medical care, to help explain
why heart disease develops differently in different people. Using Al,
scientists are learning more about cardiovascular disease and moving
closer to truly personalized care, including better treatments (If you
are interested, this site can help you learn more about Al use in
cardiovascular disease).

BETTER CARDIOVASCULAR DISEASE MEDICINES

Although many people take medicines to control cardiovascular
disease, the number of cases is still rising. The variability we described
is one reason—not all medicines work for all patients. But rising case
numbers also have to do with the types of medicines that are typically
developed. Common cardiovascular disease medicines, like statins to
lower cholesterol or beta blockers to control blood pressure, work by
blocking or changing the shape of a disease-related protein. Statins,
for example, block an enzyme that plays a key role in cholesterol
production. But not all disease-related molecules can be treated this
way. Some proteins are too large, too flexible, or hidden deep inside
cells where they cannot be reached by typical drugs. In other cases,
the root of the problem is not a protein at all. This makes it difficult to
use traditional medicines to treat all cardiovascular diseases.

To treat cardiovascular diseases caused by these so-called “undruggable
targets’, researchers are turning to a new kind of medicine: RNA-based
therapies. Instead of targeting proteins after they are made, these
treatments work earlier in the process—by controlling how proteins
are made in the first place. RNA is a molecule that helps “translate” DNA
instructions into proteins within cells. Scientists can design special
RNA molecules that stop cells from making harmful proteins or that
increase the production of helpful ones (Figure 3A). For example,
researchers are testing RNA-based therapies to lower levels of a
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Figure 3

(A) RNA-based
therapies can help to
treat so-called
“undruggable” diseases
by controlling the way
proteins are made.
These therapies can be
designed to help cells
make more
disease-preventing
proteins (top). They can
also be created to
block or decrease
production of a
disease-causing
protein such as Lp(a),
which contributes to
cardiovascular disease
at high levels (bottom).
(B) To improve
cardiovascular disease
treatment, Al could sort
patients into groups
based on the results of
omics studies or other
characteristics,
matching each patient
with the medicine that
will work best for them.

protein called Lp(a). High levels of Lp(a) contribute to cardiovascular
disease, but statins do not significantly lower this protein or may even
increase it. So, scientists have developed RNA-based treatments that
turn off the production of Lp(a) before it can build up.
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o1
oM
-1

Figure 3

Lp(a)/disease-causing
protein

In addition to helping scientists understand cardiovascular disease, Al
is also being used to develop better medicines. Al can rapidly scan
millions of molecules and predict which ones might work as new
drugs. It does this by learning from huge datasets—such as past drug
trials or molecular structures—and spotting features linked to success
or failure. Al can even design completely new types of medicines that
scientists might never have thought to test. As we mentioned earlier,
Al can also sort patients into groups based on the results of omics
studies or other aspects, helping to match each patient with the best
treatment (Figure 3B).

PERSONALIZED CARDIOVASCULAR MEDICINE FOR A
HEALTHIER FUTURE

Cardiovascular disease is extremely complex, but powerful new tools
like omics, single-cell technologies, and Al are helping scientists
understand it better. These tools can reveal why some people get
cardiovascular disease while others do not, making it easier for
researchers to predict and possibly prevent these dangerous diseases.
For a long time, most people with a certain cardiovascular disease
were treated the same way, even though their bodies and symptoms
could be very different. Now that scientists understand more about
how people differ, they can start to match each person with the type
of treatment or medicine that works best for their specific biology
and situation. For a systems medicine approach to cardiovascular
disease to help everyone—not just people who are privileged to have
access to the best medical care—scientists, doctors, and policymakers
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will need to work together on a global level to make sure these
advances reach all communities. This kind of borderless cooperation
can help build a future where everyone has a better chance at a healthy
cardiovascular system.
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GEORGE, AGE: 9

George is always interested in whatever is related to mother “Nature”. He would like
in the future to find ways to save extinct species and he loves creativity and games
related to creativity like Minecraft and Rubik’s cube.

MARIA, AGE: 9

Maria perceives herself in the future as a football player and a cardiologist, she wants
to spend her life saving lives and scoring goals. In addition to this, she likes Piano and
drawing, she is a family person who always cherishes being with her family.
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Hello! My name is Mieszko. l am 11 and half years old. In school | like science and |
am really good in maths. | train jiu jitsu and | also am a scout. | like camping because
| like adventures! | love my kitten gubby and | am fascinated about his nature. |
enjoy watching documentaries and listening to podcasts about earth, space, and
now cats too!

AUTHORS

MASANORI AIKAWA

Masanori Aikawa, MD, PhD is a professor of medicine at Harvard Medical School in
Boston, Massachusetts. He received his initial clinical and research training in Tokyo,
Japan. At Brigham and Women'’s Hospital, Dr. Aikawa conducts scientific research
in cardiovascular medicine, with a particular focus on the role of inflammation in
vascular disease—the number one killer in many countries. His work aims to discover
therapeutic opportunities through the development of novel drugs for vascular
disease. Dr. Aikawa's contributions have been recognized with numerous awards and
honors. He is also deeply committed to mentoring the next generation of scientists
from diverse backgrounds. *maikawa@bwh.harvard.edu

SARVESH CHELVANAMBI

Sarvesh Chelvanambi is a post-doctoral research fellow at Harvard Medical School.
Sarvesh’s research focuses on understanding how viral infections can damage the
blood vessels. He has won many awards for his research efforts, including the
American Heart Association’s Elaine Raines Early Career Investigator Award. Sarvesh
is passionate about science communication. He always looks for creative ways to
reach out to different people to discuss how real science helps discover new truths
about what causes diseases in people.

kids Volume 13 | Article 1644474 | 10


mailto:maikawa@bwh.harvard.edu
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2025.1644474
https://kids.frontiersin.org/article/10.3389/frym.2025.1644474
https://kids.frontiersin.org/article/10.3389/frym.2025.1644474

	Personalizing Heart Disease Treatment to Save Lives
	The Global Heart Disease Crisis
	Cardiovascular Disease is Complicated
	Looking at the ``Big Picture'' to Understand Cardiovascular Disease
	Decoding Cardiovascular Disease One Cell at a Time
	Using AI tO Make Sense of Cardiovascular Disease
	Better Cardiovascular Disease Medicines
	Personalized Cardiovascular Medicine for a Healthier Future
	Acknowledgments
	AI Tool Statement
	Original Source Article
	References
	Young Reviewers
	Authors


	Button14: 
	Button15: 
	Button16: 
	Button17: 


