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Abstract. Modern cardiology is rapidly developing, driven by the achievements of the technical revolution. Progress
in cardiology over the past 50 years has been tremendous and obvious. The expansion of visualization’s technical capabil-
ities and the possibility of using artificial intelligence play significant roles in successfully transforming cardiology. These
innovations provide diagnostic accuracy and advances in interventional cardiology. However, cardiovascular diseases
continue to be a serious global medical problem. Cardiovascular diseases (CVDs) are the leading cause of death world-
wide and rank first in the structure of chronic non-communicable diseases (NCDs). Because the incidence of CVDs and
NCDs has reached the level of a pandemic worldwide, the search for new and alternative solutions to solve the problem
continues and is relevant. CVDs continue to be a challenge for modern scientists in the biomedical field. The review is
devoted to the search for new directions for solving the problem of cardiovascular diseases in the future. The aim of this
study is to briefly describe the current state of development of interdisciplinary and transdisciplinary knowledge that can
become the basis for further scientific research on this topic.

Materials and methods. General scientific and theoretical methods were used during the theoretical research. The
review describes new areas such as quantum cardiology, magneto cardiology, the concept of biophoton signaling, and the
influence of the Earth’s electromagnetic fields on the pathogenesis of cardiovascular diseases.

Conclusions: 1) The biophysical direction of cardiology’s development is an invariant and important direction
for deepening the medical paradigm, which opens up new ways of solving the problem of cardiovascular diseases. 2)
Research into the features of electromagnetic communication in cardiovascular system cells is an important task and
challenge for modern scientists. This research will reveal the mechanisms of cellular integration into a single organism.
3) Knowledge of the fundamental aspects of electromagnetic communication of cells of the cardiovascular system and the
whole organism will become a new basis for deepening the paradigm of the pathogenesis of cardiovascular diseases and
chronic non-communicable diseases. They will allow us to reveal aspects of the electromagnetic influence of the heart on
other internal organs and tissues, as well as on the mutual electromagnetic exchange of energy and information at the level
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of the entire organism. 4) Knowledge of the fundamental aspects of electromagnetic communication between the cells of
the cardiovascular system and the entire organism will make it possible to understand how exactly the electromagnetic
parameters and mechanisms of functioning in the human body are connected with the electromagnetic parameters and
chronobiological dynamics of the Earth’s electromagnetic field.

Keywords: cardiovascular diseases, chronic non-communicable diseases, quantum cardiology, quantum pathogene-
sis, magnetocardiology, electromagnetic field of the Earth

Introduction. Modern cardiology is rapidly developing, driven by the achievements of the technical revolution.
Progress in cardiology over the past 50 years has been tremendous and obvious [1]. The expansion of visualization’s
technical capabilities and the possibility of using artificial intelligence play significant roles in successfully transforming
cardiology [2, 3]. These innovations provide diagnostic accuracy and advances in interventional cardiology. However,
cardiovascular diseases continue to be a serious global medical problem. Cardiovascular diseases (CVDs) are the leading
cause of death worldwide and rank first in the structure of chronic non-communicable diseases (NCDs) [4, 5]. Because
the incidence of CVDs and NCDs has reached the level of a pandemic worldwide [6], the search for new and alternative
solutions to solve the problem continues and is relevant. CVDs continue to be a challenge for modern scientists in the
biomedical field.

Significant progress is also being made in physics. Quantum physics is rapidly developing and transforming the par-
adigm of fundamental science [7]. Medicine is a transdisciplinary branch of science that develops due to the emergence
of new fundamental knowledge in other disciplines [8]. It is well known that physics is the science of the properties and
structure of matter, the forms of its motion and change, and the general laws of natural phenomena. The emergence of
quantum physics [9-11] transformed all branches of natural science, and quantum biology [12, 13] and quantum chemistry
[14, 15] emerged. Therefore, the change in the physical paradigm certainly predetermines the development of medicine
as well. Due to the emergence of the Standard Model [17-18], scientists in the biomedical field of the 21st century must
work, taking into account modern biophysical views on the structure of matter. According to the ideas of the Standard
Model, it became clear that there are quantum levels of the structure of matter [19]. These quantum levels are formed by

field structures (fermions and bosons) or, in other words, electromagnetic fields/energy (Figure 1).

The substance has no atoms at a depth of over 10-
19 cm. It contains only electromagnetic energy in different
manifestations. These are quantum levels of the structure
of matter. This is true for all matter on Earth and all living
biological organisms, including humans. This scientific
knowledge transforms and deepens ideas about molecular
and submolecular interaction mechanisms and the human
body’s structure and functioning. It contributes to forming
new sections and subsections in all branches of medicine,
considering new ideas about the influence of quantum
levels on increasingly higher levels of the human body’s
hierarchical structure. This is the basis for further deepen-
ing scientific understanding of the pathogenesis of CVDs.
What alternative solutions to the CVDs problem are being
outlined? What new promising paths of scientific research
in cardiology can be determined by the progress of bio-
physics and quantum physics? This review aims to answer
these questions and provide a brief description of the cur-
rent state of development of interdisciplinary and trans-
disciplinary knowledge that can form the basis for further
scientific research on solving the problem of CVDs.

Quantum Cardiology, or Cardiology of the Subatom-
ic Level of the human body. As noted earlier, thanks to
the progress of quantum physics, science has penetrat-
ed the depths of the structure of matter. These quantum
levels are formed by field structures or, in other words,
electromagnetic fields/energy. An important fact is that the
quantitative and qualitative characteristics of the state of
these subatomic electromagnetic structures predetermine
the state of atoms and molecules in cell structures. There-
fore, the course of all biochemical reactions in the cell is
predetermined by the electromagnetic parameters of the
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subatomic components of the atomic structure [21, 22]. It
turns out that changes in the state of the quantum level
entail changes at the level of atoms and molecules. The
quantum level is primary, and changes in biochemical re-
actions between molecules are predetermined by it. Thus,
it is now clear that there is a quantum level of pathology
of processes that scientists must comprehend and describe.
This can be called quantum pathogenesis of diseases [19].
Therefore, an important future direction for the develop-
ment of cardiology can be considered the need to concep-
tualize the quantum pathogenesis of CVDs. Science can
and should now move from describing interactions in a
molecular model to developing a description of this at the
subatomic and quantum levels. No matter how fantastic
it may sound, it is possible and necessary to do it in the
future. The possibility of this has long been demonstrated
by collaborations between doctors, mathematicians, and
physicists. For example, a mathematical model of viral
hepatitis C has already been created [23], and so on.

What processes can be the basis for the conceptual-
ization of quantum pathogenesis of CVDs? The phenome-
non of biological life of a cell in vivo at the cellular level is
realized due to the emergence of polarization/depolariza-
tion processes of membrane structures in the cell and the
circulation of electromagnetic currents in cells and at high-
er hierarchical levels of the human body structure [21, 22].

At the molecular level, this is described in the energy
transfer model from the adenosine triphosphate molecule
to the biopolymer in the model with a soliton mechanism
[24-26]. Therefore, the quantum level should be based on
physical and mathematical models of energy transfer/re-
distribution between components of atoms in cell struc-
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Figure 1. Scheme of hierarchical levels of human body structure. Fragment from [20].

tures. Therefore, the quantum level must rely on physical
and mathematical models of energy transfer/redistribution
between components of atoms in cell structures. Scientists
in the biomedical field will have to develop biological con-
cepts for describing this at the level of tissues and organs,
considering medical knowledge unknown to specialists in
technical specialties. Therefore, conceptualization of the
mechanisms of formation and transmission of electromag-
netic energy at the quantum level of cardiomyocytes should
be given considerable attention. This is also because this
energy transfers information due to its coherence. This is
electromagnetic/biophotonic signaling of intercellular in-
teraction [27, 28]. How does this happen in the heart? This
needs to be studied in the future.

Studying the quantum pathogenesis of CVDs opens
up a new perspective on tissue-level processes. Under-
standing that electromagnetic signal transmission occurs
between cells creates a different perspective on the role of
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the intercellular and intracellular matrix in these process-
es. Why? Because the transmission of an electromagnetic
signal depends on the state of the environment in which it
is propagated. Changing the quantum-mechanical charac-
teristics of the cell matrix and intercellular space changes
the transmission of an electromagnetic signal [29]. What
does this mean? For example, consuming large amounts
of preservatives and other chemicals with food will lead
to their excessive entry into the intercellular space. Will
these “foreign to cells” change the quantum parameters
of the intercellular environment? They are expected to
change, and if there are many of them, they can become
an obstacle to transmitting the electromagnetic signal of
communication within and between cells. What will be the
result of this? This will lead to the cells “under-receiving”
the electromagnetic signal or being distorted. As a result,
coordination of metabolic reactions will be observed, and
the cell will begin to function differently [29]. This is one
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possible description of how quantum mechanisms can be
integrated into the concepts of disease pathogenesis.
Mitochondria play a significant role in the quantum
pathogenesis of CVDs. The study of mitochondrial dys-
function is at the forefront of modern cardiology and med-
icine in general [30-33]. The role of mitochondrial dys-
function in the mechanisms of influence of risk factors for
the development of CVDs has been conceptualized [34].
The role of mitochondrial dysfunction in the development
of such leading pathological syndromes of CVDs as en-
dothelial dysfunction [35], chronic inflammation [36, 37],
and dyslipidemia [38, 39] has been proven. Mitochondrial
dysfunction is an important etiological factor in the de-
velopment and progression of atherosclerosis, destabiliza-
tion of cholesterol plaques, and the development of CVDs
complications [40-43]. Therefore, a detailed study of the
role of the intercellular matrix and aspects of electromag-
netic signal transmission/biophoton signaling in the cells
of the cardiovascular system may open up a new under-
standing of the quantum pathogenesis of hypertension,
coronary heart disease, and arrhythmias.
Magnetocardiology. The heart is the organ that gener-
ates the strongest electromagnetic field in the human body
[44, 45]. At present, significant scientific material has been
accumulated, which is the scientific basis for further prog-
ress in the field of magnetocardiology [46, 47]. Modern
progress in quantum physics, Field Theory, the conceptu-
alization of the Magnetoelectrochemical Theory of Metab-
olism and Life [21, 22], and the creation of the concept
of biophoton signaling [29] open up new perspectives for
interpreting the obtained results of magnetocardiography.
In the future, it is necessary to expect the results of decod-
ing the information contained in the magnetic component
of the signal from myocardiocytes. There is no doubt that
the information is there. This is confirmed by the works on
the analysis of heart rate variability [49-52]. Therefore, the
fact that the heart’s electromagnetic signal relates to the
human body’s systemic information processes is proven.
Understanding its information role in the human body is
very important. This will open new paths to understanding
the essence of intercellular communication at the organism
level. This will be important for deepening the understand-
ing of the fundamental mechanisms of the functioning of
the cardiovascular system in normal conditions and CVDs.
CVDs, NCDs, and the concept of Biophoton Signal-
ing. Except for congenital pathology, CVDs never occur
in the human body instantly. The occurrence of CVDs
is preceded by a period of varying duration of metabol-
ic disorders/metabolic patterns against the background of
dysfunction of other internal organs. This period, which
forms the pathogenetic basis for the clinical manifestation
of CVDs, was called the period of action of risk factors in
the Theories of Cardiovascular Continuum [53-55]. This
indicates that the pathogenesis of CVDs is associated with
the functional state of the organs and systems of the human
body. The study of the pathogenesis of CVDs at the pres-
ent stage allows us to assert that the continuum of CVDs
is associated with other NCDs and is part of it [34]. Each
person has their continuum of NCDs, the manifestations of
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which are determined by the combination of their pathol-
ogy of organs and systems. The existence of anatomical,
neuro-reflexive, and biochemical connections between or-
gans is scientifically proven. Now, thanks to the progress of
physical knowledge, electromagnetic communication has
been proven [27, 28]. The concept of biophoton signaling
complements the mechanisms of biochemical and electri-
cal communication between cells, tissues, and organs [56].
Understanding that tissues and organs exchange electro-
magnetic energy and information can radically change our
understanding of the pathogenesis of CVDs and NCDs.
The laws of quantum physics and Field Theory are uni-
versal. They also operate in the human body. Each cell and
organ generates electromagnetic fields with different elec-
tromagnetic power, density, and frequency parameters.
Therefore, there are patterns of how this electromagnetic
energy generated by tissues and organs is redistributed in
the human body. These patterns should be studied in the
future. The discovery of these patterns will form a different
in-depth view of the pathogenesis of CVDs, NCDs, and
comorbidity from the position of biophysical concepts of
biophysics and magnetobiology in particular.

CVDs and the Earth’s electromagnetic field: search
for new mechanisms of pathogenesis. Thanks to the prog-
ress of fundamental physics, the human body can be rep-
resented in several physical models. According to the
Standard Model, the human body is a conglomerate of
electromagnetic fields at the micro level of its structural
organization [21, 22]. The human body is a multi-hierar-
chical system of many oscillatory circuits [21, 22]. The
human body is a liquid crystal system, the semiconductor
properties provide unique possibilities for transmitting an
electromagnetic/biophotonic signal at various hierarchi-
cal levels of its structure, and so on [21, 57]. All physical
models characterize different biophysical aspects of the
manifestation of the phenomenology of biological life, are
comparable with similar models of other biological organ-
isms, and correspond to the universal laws of nature. Elec-
tromagnetic mechanisms are the universal basis for the
phenomenon of biological life on planet Earth. Therefore,
it is quite logical that there is a scientifically proven con-
nection between electromagnetic processes in the human
body and electromagnetic processes at the planetary level.
It has been scientifically proven that the Earth’s electro-
magnetic field is an important external component for the
implementation of magnetoelectrochemical processes of
the phenomenology of biological life [58-61].

Dynamic changes in the parameters of the Earth’s
electromagnetic field affect the processes of cellular me-
tabolism [61-65]. Initially, the existence of so-called me-
teosensitivity in some people was confirmed [65]. Now,
thanks to technological progress and the creation of a
system of magnetometers, it has become possible to study
the relationship between changes in the parameters of the
Earth’s electromagnetic field and the functioning of the
human body [66]. The correspondence of the frequencies
of the Earth/Schumann resonances to the frequencies of
the brain has been proven [67-70]. The high level of co-
ordination of the functioning of the cardiovascular system
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by the brain explains the connection between the indica-
tors of the Earth’s electromagnetic field and cardiovascular
dise) _ future.

Conclusions.

1) The biophysical direction of cardiology’s develop-
ment is an invariant and important direction for deepening
the medical paradigm, which opens up new ways of solv-
ing the problem of cardiovascular diseases. 2) Research
into the features of electromagnetic communication in car-
diovascular system cells is an important task and challenge
for modern scientists. This research will reveal the mech-
anisms of cellular integration into a single organism. 3)
Knowledge of the fundamental aspects of electromagnetic
communication of cells of the cardiovascular system and
the whole organism will become a new basis for deepening
the paradigm of the pathogenesis of cardiovascular diseas-
es and chronic non-communicable diseases. They will al-
low us to reveal aspects of the electromagnetic influence of
the heart on other internal organs and tissues, as well as on
the mutual electromagnetic exchange of energy and infor-
mation at the level of the entire organism. 4) Knowledge of
the fundamental aspects of electromagnetic communica-
tion between the cells of the cardiovascular system and the
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entire organism will make it possible to understand how
exactly the electromagnetic parameters and mechanisms
of functioning in the human body are connected with the
electromagnetic parameters and chronobiological dynam-
ics of the Earth’s electromagnetic field.

Prospects for further research. To continue to in-
vestigate the biophysical direction of cardiology devel-
opment, which is an invariant and important direction of
deepening the medical paradigm, which opens up new
ways to solve the problem of cardiovascular diseases.
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Pe3iome. CyuacHa Kap/ioJioris CTPIMKO PO3BHBAETHCS 3aB/ISIKU JOCSTHEHHSAM TeXHIUHOI peBomomnii. [Tporpec kap-
niosorii 3a ocranHi 50 pokiB OyB KOJOCAJIFHUM 1 OYEBHIHUM. 3HA4YHY POJIb B yCIIIIHIN TpaHchopmanii kapmaionorii
BIJIIrpa€e pO3IUMPEHHSI TEXHIYHUX MOMKJIMBOCTEH Bi3yasli3amii Ta MOXIIMBICT, BUKOPHUCTAHHS INTy4HOTo iHTenexry. Lli
IHHOBALT 3a0€31euyIOTh JIarHOCTHYHY TOYHICTS 1 ITporpec B iHTepBeHLiiHIN kapaionorii. [Ipore ceprieBo-cyuHHI 3a-
XBOPIOBAHHS 3AJIHIIAOTHECS CEPHO3HOK MI00ATBHOK MeauUHOKW mpobieMoro. CepieBo-cynuHHI 3axBoproBanHs (CC3)
€ OCHOBHOIO TIPHYMHOI0 CMEPTHOCTI B YChOMY CBITI Ta 3aiiMaroTh IEpIIe MICIe B CTPYKTYpPi XpPOHIYHUX HEIH(PEKIIHHIX
3axBoptoBanb (HI3). Ockinbku 3axBoproBanicts Ha CC3 Ta HI3 nocsmia piBHs nanaemii B ycboMy CBITI, MOIIYK HOBUX
Ta aJIFTEPHATUBHUX LUISXIB BUPILIEHHS MPOOJIEMH IPOIOBXKYETHCS Ta € akTyalbHUM. CepleBO-CyAnHHI 3aXBOPIOBAHHS
MIPOJIOBXKYIOTh 3aJIMIIATHCS IIPOOJIEMOIO ISl CyJacHUX BUCHUX y OloMennyHii ramysi. Omisi) IpuCBSIYeHUH TTOIIYKY HO-
BUX HAaIPSMKIB JUIS PO3B’3aHHs IPOOJIEMH CEpLIEBO-CYAMHHHUX 3aXBOPIOBAHb Y MaHOyTHHOMY.

Marepiaim i MeToau: 3arajibHO HAyKOBI 1 TEOPETHYHI MeTOAN OyJM BUKOPHCTAHI Y TEOPETUYHOMY JIOCIIJDKEHHI.
B omsizi onucani HOBI HANPSIMKY SIK KBAHTOBA Kap/1ioJIoris, MarHiTOKap/ioyorisi, KOHIENT 610()0TOHOBOTO CUTHAJIIHTY,
BIUIMB €JIEKTPOMArHiTHUX MOJIB 3eMIli Ha ITaTOTeHEe3 CepleBO-CYIMHHIX 3aXBOPIOBAHb.

BucnoBku: 1) bioiznunuii HaPsSMOK PO3BUTKY KapioJIorii € iHBapiaHTHUM Ta BRKJIMBUM HAIPSIMOM MOTIHOJICH-
HSl MEIMYHOT ITapaJurMH, SKMH BIIKPUBAE HOBI IUISIXH BUPIIICHHS IPOOJIEMH CEPIEBO-CYIMHHUX 3aXBOPIOBAHb.

2) HocnijpkeHHsT 0COOIMBOCTEH €IeKTPOMAarHiTHOI KOMyHIKalii KIITHH CEepLeBO-CYAMHHOI CHCTEMHU € Ba)XKJIMBUM
3aBIaHHSIM Ta BUKJINKOM ISl CYYaCHHUX YUCHHX, SIKE BIIKPHE MEXaHI3MU KIIITHHHOI IHTErpauii B €IMHUN OpraHizM.

3) 3HaHHA QyHIAMEHTAIBHUX aCIEKTIB €IEKTPOMAarHiTHOI KOMYHIKaIii KIIITHH CepLEeBO-CyANHHOT CHCTEMH Ta BChO-
TO OpraHi3My CTaHyTh HOBOIO OCHOBOIO JUIs NonMOneHHs napagurmu narorenesy CC3 ta HU3, no3BoisTe po3kputn
ACIIEKTH €JIEKTPOMArHiTHOTO BILIMBY CEpIlsl HA 1HIII BHYTPIIIHI OpraHyu Ta TKAHUHHM, a TAKOXK Ha B3aEMHHUH eJIeKTpoMar-
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HITHUI 0OMiH eHepriero Ta iH(opMaIliero Ha piBHI.
4) 3nanHs QyHIaMEHTAIBHUX acleKTiB eJIEKTPOMArHiTHOT KOMYHIKaIlil KJIITHH CepIIeBO-CYJHHHOI CUCTEMH Ta BChO-
TO OpraHi3My J1a/lyTh MOXIIMBICTh 3pO3YMITH Te, SIK caMme eJISKTPOMArHiTHI napaMeTpy Ta MeXaHi3MH (pyHKIIIOHYBaHHS

B T JIIOAMHU TI0B’s13aHI 3 €JIEKTPOMArHiTHUMH NapaMeTpaMM Ta XpOHOOIO0JIIOTYHOI0 JTUHAMIKOIO €JIeKTPOMAarHiTHOTO
nosst 3eMi.
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