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Abstract

Purpose of Review This review highlights the clinical significance and ongoing clinical trials of heart conditioning as a
healthy strategy, for reversing disease and aging. This approach is compatible with the heterochronic parabiotic model, as
evidenced by reverse remodeling.

Recent Findings Over the past 38 years, research has shown that heart conditioning can enhance cardiovascular functions,
as well as prevent and treat various cardiovascular and cerebrovascular diseases. Chronic heart conditioning as a healthy
strategy leads to cardiac reverse remodeling, which may contribute to the reversal of cardiac enlargement and heart failure
suggesting the reversion of aging and age-related diseases.

Summary Heart conditioning as a healthy strategy may lead to the reversion of disease and aging, serving as a possible

adjunctive treatment for cardiovascular diseases.

Keywords Heart conditioning - Heterochronic parabiosis - Reverse remodeling - Healthy strategy

Opinion Statement

Heart conditioning as a healthy strategy has the potential to
prevent, treat, and reverse aging and age-related diseases.
Therefore, it is a potential adjunctive treatment for cardi-
ovascular diseases through the process of cardiac reverse
remodeling.

Introduction

For over a century, parabiotic experiments have demon-
strated that there is reversion of disease and aging (healthy
strategy)! Heart conditioning, demonstrated 38 years ago,
has been proven to improve cardiovascular function, and
prevent and treat various cardiovascular and cerebrovascular
diseases (another healthy strategy)! Heart conditioning and
heterochronic parabiosis are correlated. This may imply a
possible healthy strategy for humans, leading to reversion of
aging and age-related diseases. Therefore, heart conditioning
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stands as a promising adjunctive treatment for cardiovascular
diseases through the process of cardiac reverse remodeling.

Heterochronic Parabiosis

Since a century ago, parabiotic experiments have shown that
there is reversion of disease and aging (healthy strategy)!

Claude Bernard first pointed out in 1878 that the living
parts of living organisms exist in the fluids that surround
them (the internal environment or extracellular fluid), and
that all vital mechanisms depend on a stable internal envi-
ronment or homeostasis [1].

In 1907, Harrison observed the growth of nerves from the cen-
tral nervous system of frog embryos cultured in a drop of lymph
[2]. In 1910, Burrows successfully cultured tissues from the nerv-
ous system, heart, and mesenchymal tissue of chick embryos in
plasma [3]. Carrel and Burrows later expanded their research by
cultivating tissues and organs in plasma, studying their growth
patterns [4]. By 1912, Carrel reported that the lifespan of tissues
could be extended indefinitely through secondary, tertiary, and
subsequent cultures [5]. These discoveries collectively under-
score the importance of extracellular fluid for sustaining life.

For over a century, scientists have been conducting
experiments on the effects of pairing two animals in
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parabiosis to examine the impact of circulatory or sys-
temic factors (extracellular fluid) from one animal on the
other. Additionally, a variant technique known as hetero-
chronic parabiosis, involving the joining of young and old
animals, has also been extensively studied to investigate
systemic factors related to aging or aging-related diseases.

Parabiosis is the term used to describe the condition in
which two living animals are surgically connected and develop
a single, shared circulatory system. Research has shown that
connecting healthy animals through parabiosis can increase
the lifespan of animals that would otherwise succumb to dis-
ease or lethal treatments such as irradiation [6—10]. In a het-
erochronic parabiotic model, joining the circulatory systems
of old and young animals leads to rejuvenation in the older
partner [11]. Therefore, current work validates the potential
for treating or reversing aging and age-related diseases, the
age and pathologies of tissues can be rapidly and effectively
reversed to a younger and healthier state.

In the following, blood [12] or plasma exchange transfusion
[13], as well as the supply of young (or healthy) factors and
removal of old (or unhealthy) factors [14], can also induce
the phenomenon of heterochronic parabiosis. Thus, it is evi-
dent that in heterochronic parabiosis, there is an exchange of
extracellular fluid, with the implementation of healthy factors,
and the removal of unhealthy factors simultaneously in the
old parabiont. This advantageous cycle leads to the reversion
of disease and aging, as indicated in all prior experimental
findings.

Recently, Ma et al. conducted a study on a single-cell
transcriptomic atlas of aged tissues and their rejuvenation
through heterochronic parabiosis. Their findings revealed
that heterochronic parabiosis successfully revitalized senile
adult stem cells and their niches in aged tissues. Addition-
ally, they observed the restoration of youthful transcriptomes
in resident hematopoietic stem and progenitor cells, and the
reintroduction of rejuvenating factors in aged hematopoietic
stem cells helped mitigate the decline in lymphopoiesis [15].

However, humans cannot be conjoined. Therefore, this
effective healthy regimen, the only one in the world at this
time, was set aside.

Heart Conditioning

For the past 38 years, research has shown that heart con-
ditioning can improve cardiovascular function, as well as
prevent and treat various cardiovascular and cerebrovascular
diseases (another healthy strategy)!

Stress is a constellation of events, consisting of a stim-
ulus or signal generated by any physical, chemical, or
biological factors (stressor), that activates physiological
fight or flight systems in the body (stress response) in
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order to counteract, adapt, and survive, which involve the
release of factors in the systemic circulation and locally
within central and peripheral tissues [16].

Generally speaking, brief, transient, and physiologi-
cal stress activates multiple physiological systems such
as the cardiovascular, musculoskeletal, neuroendocrine,
and immunological systems to enhance body protection or
performance. This adaptive response to stress is a crucial
survival mechanism in nature, also known as self-curative
mechanisms. However, severe, persistent, and pathologi-
cal stress is maladaptive, and can have numerous adverse
effects on health and longevity [17].

Coronary arteries are the blood vessels of the heart. Heart
ischemia occurs when blood supply to the heart muscle is
reduced owing to occlusion of the coronary arteries. Mild,
transient, physiological heart ischemia produces adaptive or
compensatory mechanisms. Severe, sustained, pathophysi-
ological heart ischemia gives rise to maladaptive or decom-
pensatory mechanisms.

Ischemic preconditioning was discovered by Murry
et al. in 1986. A brief repeated occlusion of the coronary
artery before the subsequent sustained occlusion reduces
the extent of myocardial infarction [18]. Ischemic precon-
ditioning has been demonstrated in many animal and clini-
cal trials [18-24]. Heart conditioning can protect against
postischemic contractile dysfunction, ischemia- and rep-
erfusion-induced arrhythmia, apoptosis, and infarct injury
[18—24]. This conditioning role of mild, short, physiological
myocardial ischemia is recognized as a significant area of
heart protection.

In summary, mild, transient, physiological heart ischemia
triggers compensatory adaptations that help maintain cardio-
vascular homeostasis and normal functions at various lev-
els within the body. This conditioning can protect the heart
from subsequent cardiovascular events, reducing the risk of
diseases such as sudden death, myocardial infarction, and
stroke. A healthy cardiovascular system not only benefits the
heart but also impacts other organs, such as the brain, lungs,
kidneys, and gut, protecting them from various injuries. This
suggests that conditioning may extend to other body systems
as well [25]. The concept of conditioning in humans could
lead to the development of strategies to keep the heart and
other systems continuously protected and conditioned over
time.

Heart Conditioning as a Healthy Strategy

Until now, it has been nearly impossible to use pairing, fre-
quent blood or plasma exchange transfusions, the provision
of all healthy factors, and the removal of all unhealthy fac-
tors as anti-aging strategies or healthy regimens for humans.



Current Treatment Options in Cardiovascular Medicine

Table 1 The advantages of heart conditioning and heterochronic parabiotic models on heart function

Research Protocols

Results

Murry et al., 1986 [18] Ischemic preconditioning in dogs

Sumeray & Yellon, 1988 [19] Ischemic preconditioning in isolated rat hearts

Schott et al., 1990 [20]
Vegh et al., 1992 [21]
Kloner et al., 1995 [22]

Ischemic preconditioning in pigs

cardial infarction
Khan et al., 2014 [23]
cardiac catheterization
Thielmann et al., 2013 [24]
surgery
Loffredo et al., 2013 [7] Heterochronic parabiosis in rats

Xiao et al., 2013 [8] Pregnancy as parabiotic model in rats
Felker et al., 2000 [9]
myopathy

Katsimpardi et al., 2014 [10] Heterochronic parabiosis in rats

Ischemic preconditioning in rats and dogs

Ischemic preconditioning in patients with acute myo-
Ischemic postconditioning in patients undergoing

Remote ischemic preconditioning during cardiac

Decrease in histologic infarct size
Reduction in histologic infarct size
Decrease in histologic infarct size
Decrease in ischemia-induced arrhythmias

Reduction in infarct size, in-hospital complications and
death

Reduction in myocardial injury, improve left ventricular
function

Decrease in infarct size and improved patient prognosis

Regression of cardiac hypertrophy and a reduction in
cardiomyocyte size

Protected against cardiac ischemia injury, and activated
cardiac progenitor cells

Pregnancy as parabiotic model in patients with cardio- Restore heart function

Induce vascular remodeling; reverse cardiac hypertrophy

It is well-known that stress triggers the release of fac-
tors in the systemic circulation and locally within central
and peripheral tissues [16]. Recently, it has been estab-
lished that heart conditioning produces cardioprotective
or healthy factors. Studies have shown that plasma from
animals subjected to heart conditioning can transfer car-
dioprotection to other animals and even between species,
indicating a protective (or healthy) factor in the circulation
[26, 27]. The common link or mechanism of heart condi-
tioning and heterochronic parabiosis is “the extracellular
fluid.” Heart conditioning induces the release of factors
in the extracellular fluid, while heterochronic parabiosis
involves the exchange of factors in the extracellular fluid.
Both processes involve the extracellular fluid. Heart condi-
tioning, as a form of stress on the heart, triggers compen-
satory adaptations, that help maintain body homeostasis
and the internal environment—that is, the extracellular
fluid, also known as the systemic milieu or factors. By
using mild, transient, physiological heart ischemia, heart
conditioning activates adaptive or compensatory mecha-
nisms that involve neurohormonal activation, heart remod-
eling, and other events such as oxidative stress, endothelin,
nitric oxide, inflammatory mediators, growth factors, and
more [28-30]. These mechanisms provide healthy fac-
tors such as activation of the adrenergic nervous system
and the renin—angiotensin—aldosterone system, activation
of inflammatory mediators involved in heart repair and
remodeling, affect the biology of the heart cell, synthe-
sis of protective proteins, intracellular enzyme activa-
tion, inhibition of death signaling in mitochondria, nitric

oxide, and so on [28-30]. Simultaneously, these mecha-
nisms help eliminate unhealthy factors such as reactive
oxygen species, ischemia-reperfusion injury, decreased
infarct size, apoptosis, and enhanced autophagy [18, 31].
Additionally, Table 1 summarizes the beneficial effects of
heart conditioning and heterochronic parabiotic models
on heart function. The endpoints and results are similar,
relatively. Therefore, heart conditioning and heterochronic
parabiosis are closely related.

In the context of heterochronic parabiosis, young blood
contains proteins with anti-aging and protective properties,
such as GDF11, TIMP2, oxytocin, growth hormone-releasing
hormone, and osteocalcin. When young rats were given pro-
teins like CCL11 or B2M found in old blood, their memory
and brain function deteriorated [32]. In the context of heart
conditioning, RIC triggers the release of circulating cardio-
protective factors such as nitric oxide, cytokines, chemokines,
microRNA, caveolae proteins, and connexin. Additionally,
signaling molecules such as adenosine, bradykinin, opioids,
reactive oxygen species, interleukin, heat shock protein, con-
nectin, stromal derived factor 1o, and others are involved [33].
Figure 1 illustrates the beneficial cycle involving the imple-
mentation of healthy factors and the removal of unhealthy
factors simultaneously, resulting in the reversal of disease and
aging in heart conditioning and heterochronic parabiotic mod-
els. The above findings suggest that an advantageous cycle of
healthy and unhealthy factors can have a profound impact on
the reversion of disease and aging. This may imply a possible
healthy strategy for humans, leading to reversion of aging and
age-related diseases [32].
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Fig. 1 Beneficial cycle with
implementation of healthy fac-
tors and removal of unhealthy
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Heart Conditioning as a Healthy Strategy
in Adjunctive Treatment of Cardiovascular
Disease: Clinical Trials

Various models and species have consistently shown evi-
dence that brief periods of ischemia/reperfusion in a distant
tissue or organ can offer protection against ischemia/reper-
fusion injury.

In remote ischemic conditioning (RIC), mild and transient
episodes of ischemia followed by reperfusion in a specific
vascular bed, tissue, or organ provide overall protection and
make remote tissues and organs resilient to ischemia/reper-
fusion injury.

RIC, achieved through repeated short periods of blood
pressure cuff inflation/deflation, has been shown to protect
against endothelial dysfunction and myocardial damage
during percutaneous coronary interventions (PCI), coro-
nary artery bypass graft surgery (CABG), and reperfused
acute myocardial infarction. Additionally, several studies
have demonstrated the ability of RIC to reduce ischemia/
reperfusion injury in various organs such as the brain, lungs,
liver, kidney, intestine, skin, and others [33].

Botker and colleagues discovered that RIC administered
prior to PCI resulted in enhanced myocardial salvage for
patients experiencing acute or evolving myocardial infarc-
tion [34]. On the other hand, Zografos et al. examined the
impact of RIC on myocardial damage in patients undergoing
PCI. They found that RIC led to a notable decrease in tro-
ponin I release during the perioperative period and a reduc-
tion in the occurrence of PCI-related myocardial infarction
[35].

Thielmann et al. stated that RIC provided periopera-
tive myocardial protection and improved the prognosis of
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patients undergoing elective CABG [36]. On the other hand,
Hausenlogy and collaborators examined the effect of RIC on
myocardial injury in patients undergoing CABG. They found
that RIC significantly decreased overall serum troponin I
release following surgery [37].

RIC remains a potential treatment modality for the reduc-
tion of myocardial injury in defined settings, as suggested
in the 2014 ESC/EACTS guidelines on myocardial revas-
cularization [38].

RIC has been shown to decrease systolic blood pres-
sure by more than 6 mmHg, diastolic blood pressure by
more than 3 mmHg, and pulse pressure by 3 mmHg, with
evidence of a delayed impact in the days following RIC.
Consequently, RIC may be viewed as a therapeutic adjunct
to the pharmaceutical treatment of hypertension. Further-
more, RIC may be regarded as the primary therapeutic
intervention for prehypertension management, in conjunc-
tion with the recommendation of a low salt, DASH diet,
and exercise [39].

RIC exhibits an antiarrhythmic effect on atrial fibrilla-
tion (AF). Candillio et al. noted a significant decrease in
the occurrence of new-onset AF following cardiac surgery
by 54% [40]. Han et al. demonstrated that RIC lowered the
occurrence of early recurrent AF after catheter ablation [41].
Slagsvold et al. observed a postoperative decrease in AF
following cardiac surgery in the RIC groups [42]. Addition-
ally, Kosiuk et al. examined the influence of RIC on electro-
physiologic parameters associated with nonvalvular parox-
ysmal AF. They found that RIC decreased the inducibility
and sustainability of AF, potentially through alterations in
the electrophysiological characteristics of the atria. Conse-
quently, RIC could serve as a simple noninvasive approach
to alleviate the AF burden [43].
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RIC has been shown to provide protection against the rise
in platelet reactivity in patients with stable coronary artery
disease, consequently lessening the thrombotic burden [44].

RIC has also been shown to have neuroprotective effects
in humans. The safety and feasibility of RIC in patients
with aneurysmal subarachnoid hemorrhage have been veri-
fied [45]. Both preclinical and clinical studies have dem-
onstrated the benefits of applying RIC in the prevention,
treatment, and recovery of stroke [46]. Additionally, chronic
RIC may facilitate neural repair for stroke recovery, includ-
ing neurogenesis, angiogenesis, axon regeneration, synap-
togenesis, and remyelination [47]. While the effects of RIC
have primarily been focused on ischemic vascular disease,
intracerebral hemorrhage shares similar pathophysiologic
responses, such as endothelial dysfunction, impaired cer-
ebral autoregulation, mitochondrial dysfunction, or a pro-
inflammatory state [48]. Therefore, the therapeutic benefits
of RIC on ischemic stroke may also be applicable to hemor-
rhagic stroke.

RIC provides protection against kidney injury. Approxi-
mately 30% of patients experience acute kidney injury fol-
lowing cardiac surgery. Zarbock et al. verified that RIC
decreased the incidence of acute kidney injury after cardiac
surgery in high-risk patients. Therefore, RIC may serve as a
simple and promising strategy to safeguard the kidneys and
improve postoperative outcomes [49].

RIC has the potential to impact immune cells and
decrease the inflammatory response [50]. Additionally, RIC
can enhance mitochondrial function against oxidative stress,
modify the regulation of autophagy, and increase cerebral
and cardiovascular blood flow as well as collateral circula-
tion [51].

RIC has been shown to improve myocardial salvage in
individuals with ST elevation myocardial infarction who
underwent primary PCI. This positive impact was main-
tained over the long term after 3.8 years [52]. RIC also
reduced major adverse cardiac and cerebral events after elec-
tive PCI at 6 months, and this beneficial effect was sustained
long-term after 6 years [53].

Chronic heart conditioning, which involves the regular
application of RIC over several weeks, is currently being
investigated.

It has been widely recognized that oxidative stress and
inflammation play a crucial role in the post-myocardial
infarction remodeling process [54, 55]. When administered
daily for a period of 10 days, RIC was found to decrease
neutrophil adhesion, phagocytosis, and proinflammatory
cytokine reactions [56].

Additionally, a week of RIC results in the bilateral adjust-
ment of brachial artery endothelial function and forearm
skin microcirculation in young, healthy men [57].

Wei and colleagues [58] examined the impact of chronic,
repeated remote conditioning on infarct size and long-term

remodeling following myocardial infarction. Their find-
ings indicated that daily delivery of chronic conditioning
for 28 days led to a decrease in adverse left ventricular
remodeling and an enhancement in survival after myocar-
dial infarction. This was linked to a reduction in myocardial
inflammatory responses and oxidative stress.

Chen et al. [59] investigated the effects of long-term heart
conditioning, administered daily for 6 weeks, on heart rate
variability and cardiac function in patients with mild heart
failure. Their findings showed that chronic heart condition-
ing resulted in improvements in both cardiac function and
heart rate variability in these patients.

Shyu and Lee [60] studied the impact of RIC as a healthy
strategy, administered daily for a year, on the cardiovascular
function of heart failure patients. Their findings suggested
that a 1-year course of RIC treatment as a healthy strat-
egy could improve cardiovascular function in heart failure
patients through the process of cardiac reverse remodeling,
indicating the reversion of disease. These results support
the widespread use of RIC in the daily routines of heart fail-
ure patients. Additionally, they observed ventricular reverse
remodeling, which likely contributed to the reversal of heart
failure.

Lee et al. (unpublished data, submitted) investigated the
use of RIC as a healthy strategy in patients with cardiac
enlargement. Their results showed that daily RIC treatment
over 1 year led to a decrease in heart size among patients
with cardiomegaly without any adverse effects. This sup-
ports the idea of incorporating heart conditioning into the
daily routines of these patients. Additionally, the study
observed ventricular reverse remodeling, which likely played
a role in reversing cardiac enlargement indicating a reversal
of the disease.

Chronic or age-related heart diseases can lead to end-
stage cardiac enlargement and heart failure, known as car-
diac remodeling. Chronic remote cardiac conditioning as
a form of healthy medicine can result in cardiac reverse
remodeling, which reverses age-related heart diseases. In
essence, heart conditioning has the potential to reverse dis-
ease and aging, consistent with heterochronic parabiotic
experiments, as a form of healthy medicine. The mecha-
nism behind this is that heart conditioning provides external
pressure as a stressor, triggering the body’s compensatory
mechanisms, to release healthy factors such as cardioprotec-
tive factors, remove unhealthy factors such as free radicals,
improve extracellular fluid, and ultimately lead to cardiac
reverse remodeling, reversing disease and aging [33, 60].

The focus of traditional medicine is on treating organs
and at the systems level, while healthy medicine focuses
on treating cells (through the extracellular fluid). Both
approaches are important! From a clinical standpoint, medi-
cine can prevent and treat disease, while healthy medicine
can prevent, treat, and reverse disease and aging.
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There are three hypotheses that explain the protective
effects of heart conditioning:

1. According to the neural hypothesis, preconditioning
of organs distant from the heart triggers the release of
endogenous substances such as adenosine, bradykinin,
or calcitonin gene-related peptides. These substances
activate local afferent neural pathways that reach the
heart and provide cardioprotection [61].

2. The humoral hypothesis suggests that endogenous sub-
stances produced in organs far from the heart enter the
bloodstream and stimulate specific myocardial receptors.
This activation leads to the recruitment of intracellular
pathways that offer cardioprotection [62].

3. Lastly, the systemic hypothesis proposes that peripheral
transient ischemia can suppress inflammatory and apoptotic
pathways systemically, resulting in cardioprotection [63].

Dr. Zhang Zhongjing from the Eastern Han Dynasty, two
millennia ago, outlined the roles of medicine as:

1. treating illnesses;
preserving lives; and

3. enhancing vitality to stay healthy without disease and
aging. According to Chinese philosophy, life encompasses
the stages of birth, aging, illness, and death. Through hor-
metic stress, heart conditioning, and overall body condi-
tioning, it is possible to reverse the effects of disease and
aging, making it an exceptional form of healthcare.

Conclusion

Heart conditioning is stress on the heart, triggering compen-
satory mechanisms that release healthy factors such as cardi-
oprotective factors and remove unhealthy factors such as free
radicals simultaneously. This beneficial cycle results in the
reversion of disease and aging, in line with the heterochronic
parabiotic model, as evidenced by the reverse remodeling
and improvement in cardiac enlargement and heart fail-
ure. Therefore, heart conditioning as a healthy strategy is a
potential adjunctive treatment modality for cardiovascular
diseases through the process of cardiac reverse remodeling.
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