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Abstract

Chronic non-communicable diseases (NCDs) represent the greatest medical challenge of the 21st
century. Eighty percent of the etiology of chronic diseases is non-genetic. Chronic diseases are not
monogenetic, static defects, but rather the expression of disturbed regulatory processes within the
body’s biological memory systems — metabolic, immunological, and neuronal. Regenerative medicine
understands health as a dynamic state of functional energy allocation and adaptive plasticity, which
can be regulated through epigenetic, mitochondrial, and neuroendocrine mechanisms. It connects
modern systems biology with the principles of behavioral and neuropsychology and emphasizes that
self-efficacy, coherence, and voluntariness are not ethical ideals but biological necessities for healing.
Emerging evidence shows that targeted habitual interventions can induce profound changes in gene
expression, mitohormesis, and immune regulation, making epigenetically fixed disease patterns
partially reversible. By integrating molecular biology, behavioral science, and mentor-based formats,
regenerative medicine bridges the gap between biomedical knowledge and effective patient care.
This paper formulates a new paradigm: regeneration is not a passive process but an active learning
process of the organism. Healing arises when biological, psychological, and social systems are brought
into coherent resonance. In this sense, regenerative medicine forms the bridge between molecular
biology, lifestyle research, and human experience — with the goal of not merely measuring health, but
consciously cultivating it.

Keywords: regenerative medicine; epigenetics; mitochondria; hormesis; neuroimmunology; salutoge-
nesis; allostasis; resilience

1. The Necessity of Regenerative Medicine
Since the discovery of the germ theory in the 19th century, infectious diseases have been pushed

back in large parts of the world through hygiene, vaccination, and antibiotics. However, infectious
diseases have now been replaced by non-communicable diseases (NCDs) — such as diabetes mellitus,
cardiovascular diseases, cancer, chronic inflammatory conditions, and neurodegenerative disorders.[1]
These chronic diseases no longer affect people only in old age but are increasingly appearing earlier
in life.[2] We are standing at a societal tipping point: NCDs have contributed to the fact that, after
decades of continuous increase, life expectancy in highly developed countries is now stagnating or
even declining.[3] At the same time, data show that factors such as cognitive performance are also
decreasing — a phenomenon described as the reverse Flynn effect.[4]
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Figure 1. The prevalence of type 2 diabetes in Germany rose from 0.6 % in 1960 to 8.0 % in 2018. This increase
reflects profound changes in diet, physical activity, and metabolic health, documenting the transition to a chronic
widespread disease with a high socioeconomic burden. The data clearly demonstrate that conventional acute
medicine is insufficient to sustainably address this dynamic.
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Figure 2. Mortality associated with depressive disorders has increased exponentially in Germany since 1998,
reaching over 900 cases in 2020. This highlights the growing importance of mental illness as a determinant of
public health and simultaneously exposes deficits in existing healthcare systems, which are primarily oriented
toward acute interventions rather than chronic processes.
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Figure 3. Between 2007 and 2014, the number of Parkinson’s diagnoses among people under the age of 70 in
Germany increased from around 2,800 to approximately 5,000. This underscores that neurodegenerative diseases
do not occur exclusively in old age but increasingly affect younger populations. The trend illustrates the growing
need for early preventive and regenerative therapeutic strategies.

Contemporary medicine has not yet found adequate answers to this pandemic of chronic
disease.[5] However, this is not because medicine fails to address illness — on the contrary, acute
medicine is highly effective in treating infectious and acute conditions. Rather, it is philosophically,
conceptually, and methodologically not designed to capture and treat the distinctive nature of chronic
disease.[6–8] The old genetic paradigm of chronic disease is outdated, as 80–90% of the etiology of
chronic illness is attributable to non-genetic factors.[9]

Chronic disease processes do not arise from a single pathogen, a monogenetic cause, or a single
defect, but from long-term biological adaptation processes that evolve over years or even decades. For
this kind of health and disease, acute medicine lacks satisfactory approaches that truly lead to lasting
chronic health.[10–12]

2. []The “System for Chronic Health”
A system can be defined as a set of interconnected feedback loops that generate stability, adapt-

ability, and predictability through self-regulation.[13] A paradigmatic example of the importance of
well-defined systems in medicine is acute and emergency medicine: with Basic Life Support (BLS)
and Advanced Life Support (ALS), a universally teachable system has been established that, despite
differences in patients and emergency situations, operates according to the same principles and pro-
cedures. This systematic approach has dramatically improved survival rates in acute diseases and
trauma and is considered one of the greatest medical advancements of the past 100 years.[14]

For chronic health, however, a comparable evidence-based system is still lacking. Patients with
chronic conditions often rely on a confusing field of alternative medical offerings that typically lack a
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robust evidence base, are unsystematized, and whose effectiveness remains scientifically difficult to
evaluate due to high complexity. This results in fragmented and often ineffective care pathways.[15]

Regenerative medicine therefore aims to be and to become a system for chronic health: a
coherent set of clearly defined, falsifiable hypotheses and feedback-like interventions that can be
scientifically tested and taught across education, clinical practice, and community programs. This
system is not intended to be primarily theoretically coherent but to serve a single overarching goal: to
effectively help more people with chronic health challenges on a societal scale — evidence-based,
replicable, and adaptive.

3. Regenerative Medicine within the Healthcare Network
A study published in the British Medical Journal showed that up to 30% of all consultations in

primary care and hospital settings can be attributed to so-called medically unexplained syndromes (MUS)
or functional disorders. This patient group is often inadequately cared for within conventional acute
medicine, whose logic is tailored to clearly delineated pathologies and acute interventions.[16–18]

Here, two emerging paradigms complement one another: Functional medicine focuses on
deeper biochemical and molecular mechanisms such as micronutrient supply, the microbiome, or
mitochondrial dysfunctions. It provides an expanded analytical framework but remains largely
anchored within the natural-scientific and biochemical paradigm.[19]

Regenerative medicine, on the other hand, includes functional-medicine concepts and methods
but goes beyond them by establishing a biopsychosocial system for the diagnosis and therapy of
chronic health processes. It integrates biological, psychological, and social feedback loops; addresses
adaptation, mitohormesis, epigenetic memory formation, behavioral biology, and self-efficacy; and
thereby creates a new level of healthcare alongside acute and functional medicine.
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Figure 4. The iceberg model illustrates the different layers of depth across medical approaches: Acute medicine
focuses on symptoms, diagnoses, and anatomical findings — the visible tip of the iceberg. Functional medicine
reaches deeper by addressing functional findings and early dysregulations. Regenerative medicine targets the
root: systemic dysregulations and the restoration of regenerative cycles. Thus, the focus shifts from treating visible
manifestations of disease to actively cultivating long-term health.

Within the healthcare network, this means: while acute medicine treats acute pathologies and
functional medicine provides a deeper analysis of biochemical imbalances, regenerative medicine
offers a systematic, evidence-based framework for those chronic processes that have so far been
addressed only in fragmented or insufficient ways. It thereby fills a crucial gap in care and could not
only successfully support a significant portion of patients who currently turn away from the healthcare
system toward alternative medicine out of frustration, but also substantially reduce the number of
unnecessary consultations in primary and hospital care — thereby relieving the acute medical system
in the long term.[20]

4. The Core Theses of Regenerative Medicine
Regenerative medicine begins precisely at this point. It integrates germ theory and terrain theory

in an evidence-based manner, yet goes beyond both by focusing specifically on chronic processes. Its
subject is the science of biological adaptation, mitohormesis, epigenetic memory formation (chronicity),
resilience, and antifragility,[21–25] as well as their practical translation into therapeutic application.
In this paradigm, health is no longer understood mechanistically as the mere absence of disease but
as the dynamic ability of an organism to continuously adapt and grow through challenge (“health is
adaptability”).[26,27]

Thus, regenerative medicine consciously and deliberately steps out of the footsteps of René Descartes
and the mechanistic paradigm of acute medicine, opening a new, organic paradigm of medicine — the
“second book of medicine” — as a complementary approach alongside the still valued and necessary
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acute medicine. Regenerative medicine does not view the body primarily as a machine that must
be repaired but as a living, adaptive system that can be guided into chronic health through targeted
regulation within a network of stress and regeneration.[28]

Figure 5. The diagram illustrates the paradigm shift from a classical top-down perspective of medicine, which
views diseases in isolation and treats them within specialized silos, toward a bottom-up perspective. Regenerative
medicine does not primarily investigate individual diagnoses but rather the common roots of chronic diseases:
dysfunctional regulatory systems and disrupted regenerative cycles. This shifts the focus toward understanding
systemic interconnections, enabling new integrative therapeutic approaches.

This foundational paper formulates fourteen core theses outlining the scientific principles of re-
generative medicine. Central to these is the understanding that the organism’s regenerative capacity is
primarily determined by mitochondrial energy availability, which can be modulated through adaptive
mitohormesis. A dynamic balance between challenge and resources directs cellular metabolism toward
regeneration, whereas imbalance leads to degeneration. In the sense of a decentralized bottom-up
process, both degenerative and regenerative changes propagate from the mitochondrial level through
the cellular, tissue, organ, organ system, and organismal levels. What begins as a mitochondrial degen-
eration/regeneration switch manifests physiologically, epigenetically, and anatomically as processes of
degeneration or regeneration.[29–32]
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Figure 6. Biological energy supply forms the fundamental basis of all life processes. It determines function at
every level of organization — from the cell to tissues and organs up to organ systems and the entire organism.
Disturbances in cellular energy metabolism therefore have systemic effects and shape both health and disease.

The nervous, immune, and metabolic systems act as interconnected regulators of energy alloca-
tion, and allostasis — the ability to maintain stability through change — emerges as a hallmark of
health and adaptability. Objective markers such as VO2max, insulin sensitivity, inflammatory and
resolution mediators (e.g., hsCRP and resolvins), heart rate variability, and cortisol diurnal rhythm
reflect the state of adaptive equilibrium. Long-term regulatory patterns are also “stored” via epigenetic
imprinting at the cellular level and can thereby consolidate chronically health-promoting or disease-
prone profiles.[33–36]
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Figure 7. The figure illustrates the trajectory of human energy over time and distinguishes three states of being:
Living (high energy, vitality), Functioning (adapted performance capacity), and Existing (reduced energy, illness).
Transitions between these states are determined by the capacity for regeneration and adaptation. Falling below the
threshold of “functioning” leads to decompensation and disease, whereas repeated regenerative impulses enable
a shift upward into the realm of “living.” Which symptoms and/or diseases emerge under energy deficiency
depends on individual (epi)genetic factors.

4.1. Health and Disease Are States of Energy Allocation

The human organism’s ability to provide and utilize energy is primarily limited by its mitochon-
drial reservoir — that is, the number, network connectivity, and functional capacity of mitochondria
within the cells. Mitochondria are the “powerhouses” of the cell and generate approximately 90 % of
cellular energy in the form of ATP.[37] They therefore largely determine the upper limit of what can be
transformed as total energy expenditure (TEE) per unit of time. Put simply: even if energy in the form
of substrates (e.g., glucose, fats) is abundantly available, the body can only process as much energy as
the mitochondria can produce through oxidative phosphorylation.
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Figure 8. Chronic diseases are not merely expressions of organ- or system-specific dysfunctions but originate
from shared causes at the cellular level. Current research shows that mitochondria are responsible for over
90 % of cellular energy production and thus form the foundation of regeneration, adaptation, and health. Each
cell contains on average about 1,000 mitochondria, producing up to 300 kg of ATP per day. Impairments in
mitochondrial function lead to systemic energy deficits that manifest at the organ and organism levels as chronic
disease. Regenerative medicine therefore focuses on restoring mitochondrial integrity to sustainably promote
health.

Once oxidative capacity is exhausted, it acts as a ceiling for overall metabolism — Herman Pontzer
refers to this as Constrained Total Energy Expenditure (CTEE), an evolutionarily determined plateau
of total energy turnover. Empirical studies, for example, show that maximal oxygen uptake (VO2max)
— a measure of aerobically achievable energy turnover — depends substantially on mitochondrial
capacity and declines as mitochondrial function diminishes.[38]

The cell possesses two complementary energy systems: the primary oxidative metabolism within
mitochondria and the evolutionarily older anaerobic glucose metabolism in the cytoplasm. While
mitochondrial oxidative phosphorylation (OXPHOS) accounts for the majority of ATP production
at rest and during moderate activity, anaerobic glycolysis serves as an emergency system during
acute metabolic, immunological, or neuronal stress situations. This rapid energy release (“stress
metabolism”) enables short-term ATP generation independent of oxygen availability but entails
characteristic side effects: lactate accumulation leads to intracellular acidification, and a chronically
reduced NAD+/NADH ratio impairs redox-dependent enzymes and epigenetic regulation.[39,40]
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Figure 9. The cell possesses two complementary energy systems: anaerobic metabolism in the cytoplasm, which
rapidly ferments glucose to lactate without oxygen and provides large amounts of energy in the short term —
but causes acidification and limited endurance — and aerobic metabolism in the mitochondria, which oxidizes
glucose and fats with oxygen to CO2 and H2O, thereby enabling sustainable, efficient energy production with
high endurance.

Immunologically, a chronically glycolytic metabolism results in a pro-inflammatory state. Effector
cells such as macrophages and T cells exhibit a predominant M1 or Th17 polarization under sustained
glycolysis, releasing pro-inflammatory cytokines (e.g., IL-1β, TNF-α) while inhibiting resolution signals.
In contrast, regulatory T cells and M2 macrophages — which are essential for immune tolerance and
tissue repair — depend on mitochondrial OXPHOS and fatty acid oxidation.[41,42]

Neuronal systems respond similarly: a chronically glycolysis-dominated energy supply leads to
reduced mitochondrial ATP availability at synapses, thereby impairing the maintenance of synaptic
transmission and glutamate homeostasis. The resulting excitotoxic imbalance is exacerbated by
impaired neurotransmitter reuptake and disturbed calcium homeostasis.[43,44]

Furthermore, a persistently low NAD+/NADH ratio has been shown to inhibit sirtuin-dependent
regulation of mitophagy and DNA repair, causing neuronal networks to lose their capacity for regener-
ation and plasticity.[45]

Recent findings demonstrate that sustained suppression of mitochondrial activity by chronic
glycolysis directly inhibits neuronal mitophagy, thereby preventing the renewal of dysfunctional
mitochondria — leading to the accumulation of oxidatively damaged organelles and long-term neu-
rodegenerative vulnerability.[43]

In contrast, mitochondrial oxidative metabolism offers a regenerative countermodel: OXPHOS-
dominant states allow efficient ATP production, promote sirtuin and PARP activity through NAD+

regeneration, and activate mechanisms of mitohormesis via ROS signaling at hormetic doses. These
mechanisms stimulate mitophagy, biogenesis, and epigenetic stability, enabling both the immune
system and neuronal networks to develop greater resilience against stress and degeneration.[43,46]
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Figure 10. Mitochondria perform far more functions than classical ATP production. They are central metabolic
control hubs that regulate fat and glucose metabolism and provide the organism’s main energy source through
oxidative phosphorylation. In addition, they act as redox and hormesis sensors that respond to stress signals,
control oxidative status, and activate adaptive programs. On a molecular level, mitochondria are involved
in the regulation of protein synthesis, RNA/DNA production, and cellular calcium and iron homeostasis.
They also modulate the internal clock (circadian rhythms), participate in the synthesis of steroid hormones,
neurotransmitters, and melatonin, and orchestrate processes such as apoptosis (programmed cell death).
Moreover, mitochondria are integral components of cellular detoxification, immune responses, and salutogenesis,
as they regulate gene expression, cell regeneration, and intercellular communication via metabolites and signaling
molecules. Thus, they function as a central informational and regulatory organelle that extends far beyond
bioenergetic processes, deeply embedded in the control of health, disease, and adaptation.[46]

A unifying model that links mitochondrial function, energy metabolism, and the emergence
of chronic disease is the recently proposed Energy Resistance Principle (ERP).[47] This framework
posits that life is fundamentally defined by the continuous flow of energy through resistive biological
structures. Just as electrical current requires resistance to be converted into useful work, biological
energy—flowing as electrons from nutrients to oxygen—requires resistive biological networks to be
transformed into structure, information, and function. Resistance in this context (eR) is not a flaw but
a feature: it enables the controlled conversion of energy into cellular work, adaptation, and signaling.

Formally, the ERP can be expressed as:

eR =
EP
f 2

where energy potential (EP) captures the system’s drive to perform work (e.g., substrate availability,
hormonal and inflammatory loads), f denotes electron flux from nutrients to oxygen (a proxy for
mitochondrial throughput), and eR is the emergent energy resistance. Health exists within a narrow
range of eR, where energy flow is neither excessively restricted nor unregulated. If eR is too low (e.g.,
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in hyperproliferative states), energy dissipates into uncontrolled transformation; if eR is too high (e.g.,
due to mitochondrial dysfunction, hypoxia, or nutrient overload), electron flow congests, yielding
reductive/oxidative stress, electron leak, and impaired cellular function.[47]

Chronically elevated eR slows electron flux and raises the NADH/NAD+ ratio (reductive stress),
fostering secondary reactive oxygen species (ROS) generation, inflammatory signaling, and metabolic
inflexibility [48,49]. Cells respond by activating integrated stress responses and releasing metabolic
distress signals. Among these, growth differentiation factor 15 (GDF15) has emerged as a robust,
mitochondria-linked cytokine that tracks energetic overload and mitochondrial stress [50]. GDF15
is induced by impediments to the electron transport chain, nutrient oversupply, and mitochondrial
proteostatic stress, and its circulating levels correlate with multimorbidity, cardiometabolic disease,
neurodegeneration, and biological aging [50,51].

Viewed through the ERP, rising GDF15 reflects a systemic attempt to mitigate excessive eR by
lowering EP — for example, via appetite suppression, sickness behavior, and activity reduction —
while the underlying bioenergetic bottleneck (low f ) remains unresolved [47,50]. This framing recasts
common chronic conditions (e.g., type 2 diabetes, atherosclerosis, neurodegeneration) as organism-
level manifestations of persistently elevated eR: their shared hallmarks — inflammation, oxidative
stress, anabolic suppression, and fatigue — represent downstream consequences of congested electron
flow and impaired mitochondrial throughput.

The ERP suggests two broad therapeutic levers: (i) decrease EP and (ii) increase f . Interventions
that reduce EP include caloric restriction/fasting, sleep optimization, and stress-reduction practices
that lower neuroendocrine drive and resting energy demand [39,52]. Interventions that increase f in-
clude endurance exercise and mitochondrial biogenesis, improved tissue oxygenation/vascularization,
and metabolic support (e.g., NAD+ repletion, enhancing OXPHOS efficiency), each expanding oxida-
tive capacity and lowering eR nonlinearly because f enters the denominator as f 2 [53–55].

Within this paradigm, GDF15 functions as an actionable biomarker of eR. Declines in circulating
GDF15 with training, sleep restoration, or metabolic reconditioning indicate relief of energetic conges-
tion and restoration of mitochondrial homeostasis; conversely, persistent or rising GDF15 may flag
unresolved bioenergetic bottlenecks despite symptom-focused care [47,50]. Practically, an energy-based
medicine approach would (1) quantify drivers of high EP (hyperglycemia, lipids, catecholamines,
inflammation), (2) assess flux capacity ( f ) via aerobic fitness and mitochondrial/vascular indices,
and (3) track eR-linked markers (GDF15, lactate/pyruvate, alanine, redox ratios) to titrate lifestyle
and pharmacologic interventions toward an individualized Goldilocks zone of energy resistance that
supports regeneration, resilience, and healthy longevity [47,50].

Viewed positively, , the mitochondrial reservoir is plastic: through training, adaptation, and
regenerative processes, the number of mitochondria can be increased and their networks optimized;
conversely, inactivity, aging, or damage lead to depletion of this reservoir. The central thesis, therefore,
is that the available mitochondrial reservoir limits maximal energy turnover but is regenerable through
targeted interventions.[46,56]
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Figure 11. Mitochondria function as central sensors for both hormetic stimuli (e.g., physical activity, fasting,
hypoxia, temperature stress) and psychosocial influences (e.g., stress, social support, sense of coherence). These
signals modulate mitohormesis — the adaptive mitochondrial response to intermittent stress — activating
processes such as biogenesis, fusion/fission, and mitophagy. Repeated mitohormesis leads to enhanced mitochon-
drial resilience, defined as an increased capacity to maintain energy production and redox homeostasis under
stress conditions. This mitochondrial plasticity translates at the systemic level into improved psychobiological
resilience, measurable for instance through heart rate variability (HRV) as a marker of autonomic flexibility.
Over the long term, these processes promote chronic health by stabilizing the balance of energy allocation,
neuro-immuno-metabolic regulation, and stress adaptation. Hence, mitochondrial mechanisms represent the
biological interface through which lifestyle and psychosocial factors are translated into salutogenic effects.

4.2. Mitohormesis Regulates the Mitochondrial Reservoir

How can the mitochondrial reservoir be increased or decreased? This is where the principle of
mitohormesis comes into play. It refers to the adaptive, compensatory responses of the cell to the
right combination of moderate stress stimuli (challenges) and resources in the form of orthomolecular
nutrients, sleep, and psychosocial resonance. Intermittent, acute stressors — such as physical exercise,
short-term hypoxia, cold exposure, or fasting — lead to a transient increase in reactive oxygen species
(ROS) and other mitochondrial signals. In low doses and under conditions of sufficient resources, these
signaling molecules are not primarily harmful but act as triggers for adaptive processes: they induce the
expression of genes for mitochondrial biogenesis, promote the formation of mitochondrial networks
(fusion), and activate repair and recycling mechanisms (mitophagy). In this way, mitohormesis
improves oxidative capacity and increases the mitochondrial reservoir in the long term.[46] Ristow
and Schmeisser describe that small amounts of ROS act as signaling molecules that activate defense
mechanisms and thereby promote health rather than causing damage, whereas high and sustained
ROS exposure remains detrimental.[21]

Mitohormetic effects are mediated at the molecular level through conserved stress response path-
ways — for example, via redox sensors, the energy-status sensor AMPK, the growth regulator mTOR,
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the mitochondrial coactivator PGC-1α, as well as sirtuins and other signaling axes. These factors
interact within complex networks to promote anabolic (building) or catabolic (degrading) programs
depending on the pattern of stimulation. Chronic underload (e.g., prolonged physical inactivity) or
overload (e.g., sustained oxidative stress without recovery phases or antioxidant resources) reduces
mitohormetic adaptation: mitochondrial number and function decline, the network becomes frag-
mented, and the maximal rate of energy turnover decreases. The mitohormesis hypothesis therefore
emphasizes that a certain degree of short-term cellular stress is necessary to increase mitochondrial
resilience — and thus health — over the long term.

Figure 12. The figure illustrates the concept of allostatic adaptation: the energy demand of an organism rises
with the intensity and duration of stress stimuli. The ability to meet this demand depends on the adaptive
capacity, which is largely determined by the number and functionality of mitochondria. When mitochondrial
performance is reduced — for example, due to physical inactivity or aging — the stress threshold shifts downward,
meaning that even moderate stressors can cause allostatic overload. In contrast, regular physical activity increases
mitochondrial biogenesis and functional reserve, thereby enhancing stress resilience. The model shows that
chronic health arises not primarily from the absence of stress, but from the optimization of mitochondrial
adaptive capacity. Regenerative medicine therefore focuses on promoting this capacity through hormetic stimuli,
lifestyle interventions, and the restoration of energetic flexibility.

4.3. Balance Between Challenge and Resources Regulates Mitohormesis

The effects of mitohormesis demonstrate that the correct dosage and balance of stressors are
crucial. For optimal regenerative adaptation, an equilibrium must exist between challenges (stressors)
and resources (recovery and protective factors). Challenges include physical exercise, temporary food
restriction, cold exposure, but also immunological stimuli (e.g., vaccination, infection) or psychological
challenges. Resources, on the other hand, include high-quality nutrition, sufficient sleep, warmth,
psychosocial support, and relaxation.[57]

Only a dynamic equilibrium — the interplay of strain and recovery — triggers a net positive
adaptation of the organism. This idea aligns with the concept of allostasis: allostatic adaptation means
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that the body flexibly responds to changing conditions to achieve stability at a higher level. Bruce
McEwen and colleagues described that health is ultimately the ability to adapt — a stable equilibrium
is not a static resting state but a resilient oscillation within a tolerable range. Chronic imbalance,
however — whether from persistent overload (e.g., prolonged biopsychosocial stress without recovery)
or chronic deficiency (e.g., sustained underload or nutrient deprivation) — shifts the system toward
degeneration. The body then loses its reserve capacities; the result includes persistent inflammation,
chronic stress, metabolic dysregulation, and, ultimately, structural and functional tissue damage.[35,58]

The concept of allostasis highlights that health is dynamic. An organism that can flexibly respond
to stress remains healthy; those who lose this flexibility become ill. Regenerative medicine therefore
aims to individually optimize the balance between targeted challenge and adequate recovery in order
to achieve a net gain in health reserves.[33]

4.4. Mitochondrial Metabolism Is the Central Regeneration Switch

Depending on whether an organism is in this state of equilibrium or not, mitochondrial
metabolism follows different pathways. In the regenerative mode — that is, when sufficient re-
sources and mild, intermittent challenges are present — processes such as mitochondrial fusion
(network formation), biogenesis (creation of new mitochondria), and efficient mitophagy (removal
of damaged mitochondria) predominate. These processes ensure high energy efficiency and quality
control. In the degenerative mode, by contrast — for example, under chronic stress or lack of recovery
— mitochondria increasingly fragment, produce excessive amounts of free radicals (ROS excess), and,
in the worst case, initiate cell death programs (apoptosis).[24,59]

This metabolic switch within the mitochondria affects the entire organism. Mitochondria not only
act as energy providers but also as signaling hubs connecting metabolism, the immune system, and
neural function. In situations of threat or stress, mitochondria alter their function: they downregulate
ATP production in favor of an “alarm broadcast.” Robert Naviaux describes this as the Cell Danger
Response (CDR): mitochondria prioritize safety over efficiency by releasing pro-inflammatory signals
and pausing anti-inflammatory routines during perceived danger. In this way, they help alert immune
cells and isolate affected tissues. Only once the threat has passed do mitochondria return to their
normal mode, enabling the resolving healing phase (“resolution”), for instance by switching to anti-
inflammatory mediators and supporting tissue reconstruction.[32,60]

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


17 of 47

Figure 13. Mechanistic acute medicine addresses acute diseases by focusing on extrinsic causes such as pathogens
or structural damage, aiming for their elimination or repair. In contrast, the regenerative medical perspective
is based on organic systems biology and describes the ontogenetic sequence of intrinsic healing processes
(inflammation, proliferation, differentiation) and their effects on human function and structure (“form follows
function”). If a functional state persists, chronicity results.

According to the concept of salutogenesis, health arises precisely when the transition from
alarm mode to healing mode functions smoothly. Mitochondria act as the central pacemakers of the
healing cascade: they not only provide the energy required for repair processes but also determine
when healing can begin. Chronic diseases can therefore be understood as blocked healing phases, in
which mitochondria remain trapped in a state of persistent alarm. Regenerative medicine aims to
restore mitochondrial signal balance so that cells can shift from defense mode to regeneration mode.
This underscores the dual role of mitochondria: they transduce signals between energy metabolism,
immune surveillance, and neuroendocrinology, thus forming the connecting element in salutogenesis.

4.5. Three “Selfish” Regulatory Systems as Sensors and Bottom-Up Effectors of Energy Allocation

No organism operates solely at the cellular level — rather, there are overarching regulatory
systems that govern energy flow. Three systems are central to this process: the nervous system, the
immune system, and metabolism (the endocrine–metabolic system). These act upstream as sensors
(detecting danger, needs, and environmental changes) and downstream as effectors (implementing
responses by allocating resources accordingly).[61–66]

The communication axes between these systems are diverse:

• The nervous system transmits signals via neurotransmitters and catecholaminergic stress hor-
mones (e.g., adrenaline, noradrenaline). Through sympathetic and parasympathetic tone, it
directly influences heart rate, vascular tone, and immunological activity.
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• The immune system communicates primarily through cytokines — messenger molecules that
mediate or suppress inflammatory responses, thereby signaling immune stress to the brain and
endocrine organs.

• Metabolism (particularly endocrine organs such as the pancreas, adipose tissue, and liver)
releases metabolic hormones and energy carriers — such as insulin, glucagon, leptin, cortisol, as
well as glucose, triglycerides, and lipoproteins — which regulate the nutrient flow to tissues.

Figure 14. The figure illustrates the close functional interconnection of the nervous system, immune system, and
energy metabolism. Stress hormones, inflammatory mediators, and metabolic energy carriers act as bidirectional
messengers coordinating regulation, adaptation, and energy allocation. These axes form the foundation of
neuroimmunology, immunometabolism, and neurometabolism. Dysregulation in one system propagates to the
others and can give rise to chronic disease states.

These three systems are tightly interwoven. For example, the brain responds to pro-inflammatory
cytokines with behavioral adjustments (e.g., “sickness behavior” such as fatigue and rest) and with
changes in the neuroendocrine axis (activation of the HPA axis and modulation of the autonomic ner-
vous system). Conversely, neuronal signals modulate immune responses — for instance, noradrenaline
and cortisol can influence cytokine production. Such feedback loops ultimately serve to adjust energy
distribution contextually: during infection, more energy is allocated to the immune system; during a
fight-or-flight reaction, to the muscles; and during rest phases, to regenerative processes.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


19 of 47

Figure 15. The graphic quantifies the additional, involuntary energy expenditure caused by acute and chronic
stress conditions. Acute inflammation, acute pain, and acute stress increase energy demand by up to 60 %. Chronic
inflammation and chronic pain are significantly lower but represent a persistent burden. Chronic stress causes
a sustained additional energy consumption of approximately 30 %. These data illustrate that misallocations
of energy in the context of stress and inflammatory processes bind substantial energetic resources and thereby
contribute to the pathogenesis of chronic diseases.

Furthermore, these regulatory systems are in constant energetic interaction. According to the
theory of “selfish systems,” the nervous system, immune system, and metabolism do not act purely in
harmonious cooperation but also pursue their own short-term energy optimization. Without central
top-down control, they can “selfishly” withdraw energy from the others: for instance, when activated
during infection, the immune system claims glucose and amino acids for the immune response via
cytokine-mediated and metabolic signaling pathways — even at the expense of cognitive performance
or anabolic processes.[61–66]
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Figure 16. Acute or chronic inflammatory processes lead to a “selfish” energy demand of the immune system.
Through cytokine-mediated signaling pathways, energy is diverted from metabolism that would otherwise be
available to the brain or other organs. This results in cognitive fatigue and reduced central nervous system
function.

Analogously, under stress conditions, the nervous system mobilizes energy reserves via cate-
cholamines and the HPA axis, thereby suppressing metabolism and immune responses. This bottom-up
dynamic explains why chronic overactivation of individual systems (e.g., persistent stress response or
inflammatory activity) can, over time, lead to systemic imbalance and energy depletion.[17]
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Figure 17. Under stress, the brain demands a disproportionately high share of energy via sympathetic activation
and glucocorticoids. This “selfish” prioritization of the central nervous system withdraws resources from the
immune system, which can lead to reduced immune defense and increased susceptibility to infections.

Rainer Straub et al. estimate, for example, that an activated immune system — as in chronic
inflammation — can require up to 2000 kJ (∼ 480 kcal) of additional energy per day. This is accompanied
by neuronal and metabolic shifts: pro-inflammatory cytokines and afferent nerve fibers signal an
“energy alarm” to the brain, prompting the body to initiate an “energy appeal reaction” — a coordinated
mobilization of additional energy carriers from storage depots. In this process, the sympathetic nervous
system and HPA axis are activated to release glucose and fat reserves. Persistent misallocation (e.g.,
ongoing immune activation) can lead to pathological states: Straub lists conditions such as anorexia,
insulin resistance, hyperlipidemia, muscle wasting, and osteoporosis as consequences of an excessive,
chronic redistribution of energy toward the immune system.[61–66]
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Figure 18. The figure illustrates the relative energy costs of key organ systems in resting metabolism. The brain
consumes approximately 300 kcal/day at rest but up to 900 kcal/day under stress. The immune system requires
roughly 400 kcal/day basally, rising to about 650 kcal/day during inflammation. The heart, kidneys, liver, and
skeletal muscle contribute relatively constant shares, while adipose tissue accounts for only a minor portion. These
data make clear that stress and immune activation represent the most variable energy consumers and decisively
influence health, regeneration, and chronic disease progression.

\textit{From an allostatic perspective, the brain itself should not be viewed primarily as an
organ for thinking but as the central regulator of the body’s energetic economy. Its foremost task
is to anticipate, allocate, and coordinate energy flow across systems to maintain metabolic stability.
Thought and cognition are thus not the brain’s purpose but one of its strategies to achieve energetic
balance. In this sense, cognitive activity—including rumination or repetitive negative thinking—can be
interpreted as an attempt, albeit often maladaptive, to regain allostatic equilibrium under conditions
of energetic dysregulation. Persistent or pathological thought patterns therefore indicate a disturbance
in the underlying neuroenergetic regulation rather than purely psychological malfunction. This view
is supported by recent models of allostatic control, which describe mental activity as a secondary
phenomenon emerging from the brain’s continuous efforts to regulate internal energy needs.}[33? ]

Regenerative medicine therefore views these three major systems as an integrative bottom-up
network of three selfish systems. Research in psychoneuroimmunology, immunometabolism, and
neurometabolism confirms this close interconnection: stress (nervous system) affects inflammation (im-
mune system) and metabolic processes, while inflammatory signals, in turn, modulate neuronal circuits
and metabolic pathways. Mitochondria often lie at the center of these interactions, as they can alter their
activity in response to stress hormones or have their efficiency impaired by cytokines. All three systems
can operate in one of three functional states: (A) regulated/resilient, (B) activated/pathologically over-
driven, or (C) inhibited/exhausted. Clinical symptoms, physiological markers, and molecular signals
can be used to identify which of these states a patient’s subsystems are in. In this way, a functional
regulatory signature emerges that describes an individual’s health status more precisely than classical
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diagnoses. Analogous to the polyvagal theory, which differentiates the autonomic nervous system
into three regulatory modes, comparable three-stage patterns also appear in the immune system (e.g.,
resilience, chronic inflammation, senescence) and in metabolism (e.g., metabolic flexibility, acidosis,
torpor).[67–77]

From this individual regulatory signature, regenerative medical diagnoses can be derived and
targeted therapeutic pathways can be guided.

Figure 19. The three central regulatory systems — the immune system, energy metabolism, and nervous
system — can each operate in three functional states: regulated (A), activated/pathologically overdriven (B), or
inhibited/exhausted (C). These dysregulations determine the interaction between systems and can be summarized
through symptoms and markers into an individual functional regulatory signature, which forms the basis for
regenerative medical diagnostics and therapy.

In summary, the nervous system, immune system, and metabolism work cooperatively as sensors
and effectors of energy distribution. A disturbance in any of these areas can lead to global maladap-
tations — such as chronic inflammatory syndromes, metabolic diseases, or stress-related disorders.
Regenerative medicine aims to restore balance within this network.

4.6. Health Is Adaptability

A guiding principle of regenerative medicine is that health is synonymous with adaptability.
Health is not merely the absence of disease but the ability of an organism to flexibly respond to
changing internal and external demands while maintaining equilibrium. This concept is supported
by the theory of allostasis. Allostasis means “stability through change” — the active maintenance
of balance through the dynamic adjustment of physiological parameters. In contrast to the static
homeostasis model (which aims for fixed set points), allostasis emphasizes dynamism: organisms
continuously adjust blood pressure, hormone levels, and metabolism in response to circadian rhythm,
activity, and environment.

Bruce McEwen and John Wingfield described as early as 2003 that allostatic load represents the
cumulative strain caused by chronic adaptive responses.[58] When the allostatic load exceeds a critical
threshold, allostatic overload occurs — a state in which the regulatory systems become exhausted and
pathological consequences arise. Examples include persistently elevated cortisol under chronic stress,
which over time leads to hypertension, immunosuppression, and other forms of damage — a sign that
the system has lost its flexible adaptability and is trapped in a dysregulated “pseudo-equilibrium.”

A similar paradigm shift is taking place in the very definition of health. In 2011, Machteld Huber
and colleagues proposed defining health as “the ability to adapt and self-manage,” replacing the static
WHO definition.[26] This “positive” health definition gained broad acceptance in health sciences. It
illustrates that people can experience a high level of health despite chronic burdens or illnesses if they
possess the flexibility and resilience to adapt — biologically, psychologically, physically, and socially —
and to manage their situation effectively.
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Figure 20. Interconnection of the nervous, immune, and metabolic systems and their roles in chronic disease. The
diagram illustrates the bidirectional communication between the three regulatory networks—nervous system, im-
mune system, and metabolism—through cytokines, catecholamines, and energy substrates. Dysregulation within
or between these systems can lead to distinct chronic pathologies, including neuroinflammation, autoimmunity,
and metaflammation. The red field with question marks represents the emerging domain of neuroenergetic
dysregulation, linking disturbances in neuronal energy metabolism to affective and neuropsychiatric disorders
such as depression, anxiety, and bipolar disorder.

For clinical practice, this means that the measures of regenerative medicine aim to enhance adap-
tive capacity. These include increasing mitochondrial resilience (see Theses 1–3), promoting metabolic
flexibility (smooth energy supply across anaerobic, aerobic, and ketogenic pathways), autonomic
flexibility (e.g., dynamic balance of sympathetic and parasympathetic activity), and supporting im-
munological resilience (the ability to respond appropriately to antigens without falling into chronic
inflammatory loops). A healthy system is characterized by variability and complexity of responses
— for instance, a high heart rate variability at rest, indicating that the cardiovascular system can
flexibly respond to breathing rhythm and other stimuli. Indeed, research shows that a higher degree of
physiological variability (in heart rate, respiration, or neuroendocrine cycles) correlates with better
health outcomes, whereas the loss of variability is a predictor of mortality. In short: rigidity is the
enemy of vitality.[78] Regenerative medicine therefore aims to strengthen the body’s allostatic systems
so that they remain — or regain — flexibility and resilience. It should be noted here that flexibility
represents the mere capacity for change, while resilience implies the existence of an adaptive reservoir
that enables adaptive processes, which in turn allow the attainment of a higher level of energetic
efficiency.

In this paradigm, stability is not understood as rigid persistence but as dynamic robustness —
the ability to function in an orderly manner despite change and to repeatedly return to a healthy
equilibrium after disturbances.
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4.7. Health Is a Measurable Spectrum

Health and regenerative capacity can be assessed not only subjectively but also through objective
markers. In regenerative medicine, metrics are used that correspond to the functional domains
discussed above.

Figure 21. Chronic health can be operationalized through objective biomarkers. In metabolism, elevated VO2max
and reduced insulin concentrations indicate optimal metabolic flexibility. In the immune system, increased
levels of pro-resolving mediators (resolvins) and low inflammatory markers characterize a balanced immune
homeostasis. In the nervous system, increased heart rate variability (HRV) and a physiological cortisol rhythm
reflect intact stress and regeneration capacity. Together, these parameters define the functional signature of
sustainable resilience.

Here are some central markers of chronic health and their significance:

4.7.1. Cardiopulmonary and Mitochondrial Fitness (e.g., VO2max):

Maximal oxygen uptake capacity during exertion is considered one of the best single predictors
of cardiovascular health and overall mortality. A high VO2max value reflects high mitochondrial
capacity in muscle tissue and an efficient heart-lung system. It results from regular physical challenge
(hormesis) combined with adequate recovery. In regenerative medicine, VO2max is used both as a
diagnostic indicator (the patient’s aerobic fitness level) and as a success criterion for interventions (e.g.,
regeneration programs).[79,80]

4.7.2. Insulin Sensitivity and Area Under the Chronic Insulin Curve (e.g., TyG, HOMA, Kraft Test):

These markers of glucose metabolism indicate how efficiently cells can absorb nutrients and how
well energy metabolism is regulated. High insulin sensitivity (associated with low basal insulin levels)
reflects metabolic health, whereas insulin resistance is frequently associated with chronic inflammation
and mitochondrial dysfunction (e.g., in the context of metabolic syndrome). Regenerative approaches
such as exercise, fasting, or anti-inflammatory nutrition aim to improve insulin sensitivity.[81–84]
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4.7.3. Inflammation (e.g., hsCRP, TNF-α):

High-sensitivity C-reactive protein is an established marker for systemic low-grade inflammation.
Chronically elevated hsCRP levels indicate underlying inflammatory processes associated with nu-
merous degenerative diseases (atherosclerosis, diabetes, depression, etc.). In regenerative medicine,
lifestyle changes and targeted therapies aim to reduce this inflammatory milieu. Declining hsCRP and
TNF-α levels indicate a successful shift toward an anti-inflammatory, regenerative internal state.[82,85–
87]

4.7.4. Resolvins (Protectins, Maresins, etc.):

While classical markers such as CRP indicate inflammatory activity, pro-resolving mediators
provide insight into the body’s capacity for active regulation of inflammation. Resolvins, protectins,
and maresins are lipid mediators derived from omega-3 fatty acids that actively support tissue
regeneration. They “resolve” inflammatory reactions, protect organs, and stimulate tissue repair. High
levels of these mediators, or a strong endogenous capacity to produce them, are considered hallmarks
of an effective healing process. Promoting endogenous resolvin production (e.g., through omega-3-rich
nutrition) can therefore be used therapeutically.[88,89]

4.7.5. Heart Rate Variability (e.g., RMSSD, SDNN):

HRV — the beat-to-beat variability of heart rate — is a sensitive indicator of the activity and
balance of the autonomic nervous system and vagal tone. A high, complex HRV at rest signals a high
degree of parasympathetic tone and general physiological flexibility. Studies show that virtually every
form of disease is associated with reduced HRV and that a stronger reduction in HRV correlates with
higher mortality. Conversely, improvements in HRV (e.g., through breath training, stress reduction, or
endurance exercise) are often accompanied by improvements in health status. In regenerative medicine,
HRV therefore serves as an important longitudinal parameter to track the effects of interventions on
autonomic balance.[90,91]

4.7.6. Area Under the Chronic Cortisol Curve (e.g., Cortisol Daily Rhythm):

A healthy cortisol rhythm is characterized by high levels in the morning (awakening response)
and low levels in the evening, with an overall moderate cortisol output. Chronic stress or dysregulation
of the HPA axis can flatten this rhythm (either persistently elevated or depleted cortisol). Restoring a
normal cortisol curve is a key goal, as it is associated with better sleep, more stable mood, and stronger
immune defense.[92,93]

Taken together, these markers represent a functional signature of successful energy allocation
and mitohormesis. They make it possible to quantify the abstract concept of “health status” beyond
the definition of “health is the absence of disease.” Importantly, these markers are not only monitor-
ing parameters but also targets of intervention. Regenerative medicine always asks: How does this
measure affect objective health markers? — and adjusts therapies accordingly.

4.8. Chronic Illness and Chronic Health Are Epigenetic Memories

Every short-term adaptive response of the body — whether to stress, nutrition, behavior, or
environment — leaves traces in the regulatory memory of our cells. These traces manifest primarily in
epigenetic markings: chemical modifications of DNA and histone proteins that regulate gene activity
over the long term without altering the genetic sequence itself. Examples include DNA methylation or
histone acetylation, which can turn genes on or off depending on their pattern.

Through epigenetic mechanisms, acute environmental influences can be “translated” into lasting
changes in gene expression. It has been shown, for example, that learning situations or traumatic
experiences can permanently reprogram the gene expression profile in brain cells — a kind of molecular
memory that influences later behavior. Iva Zovkic and David Sweatt (2012) demonstrated that DNA
methylation in the brain is crucial for the formation and stabilization of fear memory. Conversely,
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this means that repeated stimuli — whether positive (e.g., regular physical activity) or negative (e.g.,
chronic stress) — imprint cells in such a way that they become accustomed to a certain state and fix it
epigenetically.[94,95]

Chronicity processes are not only epigenetically fixed but are also anchored through specific
storage mechanisms within metabolism and the immune system. On the metabolic level, studies
by Rainer Straub show that long-term adaptations manifest in the composition and incorporation of
fatty acid sequences in membrane phospholipids and lipid stores. These changes act as an “energetic
memory” that determines the availability of signaling lipids (e.g., arachidonic acid, omega-3 fatty acids)
and thus shapes inflammatory and regenerative capacity over the long term. In parallel, the immune
system establishes immunological memory through adaptive mechanisms: memory T and B cells
encode past immune responses and influence whether inflammatory processes are efficiently resolved
or become chronic. Finally, the nervous system complements this interplay through a cognitive-
affective memory that reorganizes neuronal networks in response to stress and threat experiences,
thereby conditioning the stress response.[96–100] The concept of the three memories — metabolic,
immunological, and neuronal — formulated by Straub, thus describes the integrative foundation by
which chronic disease states are maintained and reinforced. Regenerative medicine addresses precisely
this point: through targeted interventions in all three memory systems, maladaptive storage can be
released, enabling a return to dynamic resilience.

Figure 22. The figure illustrates the role of mental and immunological memory in energy metabolism. Acute
adaptive responses to threats are physiologically meaningful as long as they remain time-limited and cease once the
stressor is removed. However, when these reactions become chronically activated, an energetic state of emergency
arises, leading to a loss of physical and cognitive performance. This increases the risk for cardiovascular, metabolic,
neurodegenerative, and psychiatric diseases as well as for frailty and premature mortality.

Applied to chronic health, this means that every repeated decision in daily life — whether it
reinforces a healthy or unhealthy behavior — leaves traces in the biological system. Such habitual
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decisions generate recurring physiological signals that are relayed to the nucleus via mitochondrial
communication (e.g., redox status, ROS signaling, ATP/ADP ratio). In this way, a molecular “impres-
sion” is formed: mitochondria translate experienced lifestyle patterns into epigenetic modifications
that shape gene activity over the long term.

When the organism is regularly stimulated by salutogenic cues — such as movement, cold expo-
sure, silence, or social connectedness — these signals stabilize as epigenetic memories of resilience.
The system “learns” to allocate energy efficiently and regeneratively. Conversely, chronically de-
structive choices — such as persistent stress activation, overnutrition, sleep deprivation, or social
withdrawal — imprint an epigenetic signature of dysregulation. Mitochondria then emit danger
signals (e.g., mitochondrial DAMPs) that amplify proinflammatory programs and shift entire gene
networks into a defensive operating mode.[46,101–104]

In Waddington’s metaphor of the epigenetic landscape, this means that habits shape the val-
leys into which cells roll. Healthy decisions deepen resilient energetic pathways; unhealthy ones
solidify pathological trajectories. Thus, “chronically ill” and “chronically healthy” become learned,
energetically stored, and anatomically embedded states of lifestyle — memories of our decisions.[105]

This underscores the necessity of establishing early counterbalances before acute physiological
reactions evolve into chronic, epigenetically consolidated states.

At the same time, recent evidence shows that chronicity is partially reversible: through targeted
counter-conditioning — such as changes in lifestyle, behavior, and metabolic stimuli — as well as
epigenetic interventions, the cellular memory can be rewritten toward regeneration.

Health and disease thus do not appear as static conditions but as dynamic learning processes at the
cellular level, modulated by experience, metabolism, and mitochondrial communication. Regenerative
medicine aims to actively influence these processes through interventions that activate regenerative
gene programs (e.g., PGC-1\alpha, SIRT, Nrf2, and FOXO signaling pathways) and downregulate
dysfunctional programs (e.g., NF-\kappaB or mTOR overactivation).

A deeper understanding of epigenetic code storage — that is, how DNA methylation, histone
modifications, and non-coding RNAs “translate” experiences — opens up future therapeutic perspec-
tives targeting chronic diseases at their root: in the regulatory memory of the cells. After all, 80–90% of
the etiology of chronic diseases is attributable to non-genetic factors.[9]

Increasing evidence from small case series demonstrates that targeted lifestyle modification —
and thereby alteration of the epigenetic and metabolic cellular environment — is not only preventive
but can functionally reverse manifest chronic diseases. This has been shown most impressively in the
field of neurodegenerative diseases: In Dale Bredesen’s (UCLA) programs, which combine nutrition,
exercise, sleep, fasting, stress regulation, and social interaction, patients with early Alzheimer’s disease
were able to partially normalize their cognitive function. In the ReCODE and Apollo studies, up to 80%
of participants showed objective improvements in cognitive scores — accompanied by epigenetic and
metabolic normalization.[106]

Similar findings have emerged in metabolic disorders. In the large-scale, prospective Virta Health
study, 60% of participants with type 2 diabetes achieved medication-free remission after two years —
through a ketogenic diet, continuous coaching, and data feedback. Metabolomic and epigenetic analy-
ses revealed significant changes in DNA methylation patterns, gene expression, and mitochondrial
function, consistent with a “reprogramming” of energy metabolism.[107]

In oncology as well, metabolic and epigenetic interventions are gaining attention. Dean Ornish
and colleagues (2008) demonstrated in men with low-risk prostate cancer that a comprehensive lifestyle
program significantly regulated over 500 genes in the tumor microenvironment within three months —
downregulating oncogenic pathways and upregulating tumor-suppressive ones.[108]

In multiple sclerosis, interventions such as the Wahls Protocol indicate that a high-fat, nutrient-
dense, inflammation-modulating diet combined with exercise and meditation may lead to improve-
ments in fatigue, mobility, and quality of life. Recent work suggests that these effects may be mediated
through changes in the epigenome and microbiome.[109]
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Similarly, in autoimmune and inflammation-associated diseases, clinical centers such as Pale-
omedicina (Budapest) report initial remissions — for example, in Crohn’s disease, type 1 diabetes, or
epilepsy — through a strict ketogenic, anti-inflammatory diet that stabilizes mitochondrial signaling
cascades and downregulates systemic inflammation.[110,111]

These examples demonstrate that habitual, systemic lifestyle changes can — via mitochondrial,
metabolic, and epigenetic signaling pathways — intervene in profound disease processes and reverse
their trajectory. Chronic disease is therefore not fate but the expression of a modifiable, learning
biological system.

4.9. Habitual Decisions as Endogenous Pharmacology

A central field of application in regenerative medicine is lifestyle and behavioral intervention,
based on the understanding that everyday habits exert cumulative biochemical and epigenetic effects.
Nutrition, physical activity, sleep, cognitive engagement, and social interaction act not only through
psychological or macroscopic mechanisms but also penetrate deeply into cellular regulatory networks
— including mitochondrial signal transduction, hormonal axes, neuroimmunological communication,
and epigenetic modification.

In this sense, habitual decisions must be understood as a form of endogenous pharmacology:
they modulate signaling pathways, transcriptional profiles, and metabolite levels in ways that are
pharmacologically equivalent in direction and target structure — yet more systemically integrated.
The key difference lies in the fact that this “medication” is self-administered — consciously or
unconsciously, day after day, through behavioral patterns that lead to stable physiological states.

Regenerative medicine deliberately harnesses this principle: it understands lifestyle as a modifi-
able therapeutic variable and empowers patients to use salutogenic habits as regulatory interventions
— with the goal of reactivating the body’s endogenous self-healing programs and restoring chronically
dysregulated systems to a state of adaptive resilience.

For didactic illustration, one often refers to the “seven doctors” available to us every day, each
acting on different levels of healing:

• Dr. Pharma – wisely used synthetic medications or supplements. In regenerative medicine, these
are not rejected but seen as one building block among many — ideally applied synergistically
with the other “doctors,” not as a sole solution, and always adapted to the temporal priorities of
therapy.

• Dr. Connection (Body–Mind) – nurturing the psychosomatic link through mindfulness, medi-
tation, and positive emotions. This reduces stress, improves neuroendocrine regeneration, and
enhances resilience.

• Dr. Story (Cognition) – the inner narrative, our mindset, and sense-making. A constructive,
meaningful life story fosters mental health and motivates healthy behavior.

• Dr. Nutrition – a whole-food, anti-inflammatory diet. Micronutrients, fibers, and phytochemicals
act like drugs at the molecular level (e.g., activation of AMPK by polyphenols, inhibition of NF-κB
by omega-3 fatty acids).

• Dr. Breath – conscious breathing techniques and adequate exposure to fresh air. Breathing
exercises can modulate the autonomic nervous system, increase HRV, and lower inflammation.

• Dr. Nature – environmental stimuli such as cold, heat, infrared frequencies, magnetic fields, sun-
light, and grounding. Moderate cold exposure activates brown fat and mitochondria (hormesis);
near-infrared and sunlight promote mitohormesis, vitamin D synthesis, and circadian rhythm;
grounding reduces electropositive stress.

• Dr. Movement – physical activity as universal medicine. Regular endurance and strength training
improve nearly every health marker (VO2max, insulin sensitivity, HRV, mood) and reduce the
risk of almost all chronic diseases.
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Figure 23. The figure illustrates the central lifestyle dimensions as the “doctors” of regenerative medicine.
Through breathing, nutrition, movement, natural forces, connection, and story, targeted stimuli act on mito-
chondrial signaling pathways and modulate gene expression, hormesis, and energy allocation. Each dimension
addresses specific biological pathways — from metabolic flexibility to stress regulation and psychosocial resilience
— and thus functions as an integrative, epigenetically active “medication” for promoting chronic health.

Each of these doctors addresses specific epigenetic channels and regulatory circuits with their
“medications.” The concept of the “seven doctors” serves as a reminder to medical professionals to look
beyond the narrow scope of pharmacological monotherapies and to recognize the patient’s everyday
life as a decisive therapeutic lever.

Each of these dimensions targets distinct biological pathways — from metabolic flexibility and
stress regulation to psychosocial resilience — thereby functioning as an integrative, epigenetically
active “medication” for promoting chronic health.

This underscores that complex natural stimuli are, in many cases, more advantageous than isolated
pharmacological interventions. Every daily decision acts within the body like its own pharmacy.
Regenerative medicine aims to shape these decisions consciously and salutogenically — to align
epigenetic and physiological trajectories toward health.
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Figure 24. The figure illustrates the dynamics of life paths as a bifurcating system. Each present moment opens
multiple future developmental trajectories, while past options are irreversibly closed. In this model, health and
disease do not emerge as static states but as the consequence of cumulative decisions that epigenetically shape
biological, psychological, and social systems. Regenerative medicine focuses on maximizing the number of open,
salutogenic pathways and expanding the scope for self-efficacy.

4.10. Regeneration as a Hero’s Journey

Modern regenerative medicine has recognized that the scientific foundations of health are already
well known. Numerous studies have demonstrated which epigenetic and metabolic pathways are
activated by nutrition, movement, sleep, light, cold exposure, mindfulness, or social connectedness —
and how these promote cellular resilience, resolution of inflammation, and neuroendocrine balance.

The biological mechanisms of healing are understood better today than ever before — the real
challenge lies in translating this knowledge effectively into sustainable practice and lifestyle.

Thus, the focus shifts from biomedical discovery to behavioral integration. The core problem of
the modern healthcare system is no longer the lack of knowledge, but the lack of transfer competence:
How can scientifically validated mechanisms be translated into people’s daily lives — effectively,
economically, and at scale?

This is precisely where the field of regenerative medicine lies: it understands itself as a transla-
tional discipline between the laboratory and everyday life. The decisive factor in this model is the
medical mentor — the “missing piece” between research and behavior.

The mentor bridges biomedical knowledge with behavioral psychology and guides individuals
in activating their physiological self-healing systems. They translate complex molecular relationships
into tangible, actionable steps, thus creating the foundation for genuine compliance and sustainable
transformation.

Regenerative medicine integrates insights from Salutogenesis (Antonovsky), Motivational Inter-
viewing (Miller & Rollnick), Behavioral Design, and Neuropsychology. It recognizes that long-term
behavioral change succeeds only when a person:
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1. understands why a measure works (comprehensibility),
2. experiences that it is manageable (manageability),
3. and finds personal meaning in it (meaningfulness).

The mentor acts as a bridge between systems — between biomedical evidence and individual
experience, between theoretical knowledge and lived practice. They create coherence, motivate
through relationship and context, and translate scientific principles into narrative and physiological
effectiveness.

From this perspective, regeneration becomes the hero’s journey of self-efficacy: the patient
is not the object of treatment but the subject of a learning and developmental process occurring
simultaneously on biological, psychological, and social levels.

The mentor’s role is to structure, mirror, and stabilize this process — as an integrative catalyst
connecting science, behavior, and system economics.

Understood in this way, regenerative medicine is not merely a medical specialty but a new
organizational model for health: evidence-based in biology, behaviorally oriented in application, and
economically viable in scale.

4.10.1. Recovered Individuals as Heroes of Regenerative Medicine

Particular importance in regenerative medicine is attributed to those patients who have success-
fully followed the path of regeneration to the extent that they have sustainably overcome previously
diagnosed medical conditions. These individuals occupy a dual role: on the one hand, they serve as
beacons and sources of hope for others, demonstrating that profound healing processes are indeed
possible. On the other hand, they represent valuable research subjects, as their individual trajectories
— even anecdotal “n=1 evidence” — reveal explicit and implicit key mechanisms for healing and
regeneration. Such individual experiences provide not only learning opportunities for therapists
but also guidance and encouragement for other affected individuals. In modern medicine, a form
of therapeutic nihilism has become established — one that excludes the possibility of healing from
the outset. This often arises from ethically understandable caution, intended to avoid misleading
patients with false promises or unrealistic expectations. Yet, the complete abandonment of hope carries
significant drawbacks, since hope has been empirically shown to be an important prognostic factor
for recovery, adherence, and psychobiological resilience. Regenerative medicine therefore seeks to
cultivate a conscious and mindful engagement with hope. Here, hope is not understood as naive
consolation, but as a strategic resource that strengthens self-efficacy, motivation, and regenerative
processes. The voices of those who have already experienced successful regeneration are intentionally
integrated into the discourse on healing — as living evidence that recovery remains possible.

4.11. Change Begins with a Shift in Perspective

Behavioral change is not a purely cognitive or volitional process but an expression of complex neu-
robiological and epigenetic adaptations modulated by experience, relationship, and context. While
pharmacological interventions may modulate isolated neurochemical signaling pathways, mentor-
guided transformation processes target the integrative reorganization of entire neural networks — a
process that no drug can substitute.

4.11.1. Self-Efficacy and Dopaminergic Self-Regulation

Albert Bandura described self-efficacy as the belief in one’s ability to produce desired outcomes
through personal action.[112] High self-efficacy activates prefrontal control networks and the dopamin-
ergic reward system, thereby reinforcing adaptive learning processes. Meta-analyses show that
self-efficacy accounts for up to 30% of the variance in successful health behavior change.[113] Men-
tors enhance this self-efficacy by translating complex goals into achievable steps and by strengthening
positive feedback loops in the dopaminergic system — a mechanism that demonstrably reduces stress
reactivity and stabilizes neuroendocrine balance.
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4.11.2. Autonomous Motivation and Neurobiological Reward Systems

The Self-Determination Theory demonstrates that behavior can only be maintained in the long term
if it is autonomously motivated — that is, if it arises from intrinsic conviction and personal meaning.
A meta-analysis by Ng et al. (2012) encompassing 184 studies found that autonomy support provided
by therapists or coaches significantly improved adherence to health-related behaviors (mean effect
size = 0.35, p < 0.001).[114,115] Neuroimaging data show that intrinsically motivated behavior elicits
stronger activation in the ventromedial prefrontal cortex and the nucleus accumbens — brain regions
that play central roles in reward processing, learning, and identity formation.[116] Mentors create the
necessary conditions for this by fostering autonomy, competence, and relatedness — the three core
neuropsychological needs essential for sustainable behavioral change.

4.11.3. Coherence, Stress Buffering, and Neuroimmune Regulation

Antonovsky’s concept of the Sense of Coherence describes that people live healthier lives the
more they experience their situation as comprehensible, manageable, and meaningful. A meta-
analysis of 458 studies demonstrated a significant association between a strong sense of coherence and
better psychological, physical, and social health.[117] Coherence not only enhances resilience but also
modulates neuroendocrine axes: it lowers cortisol, normalizes sympathovagal balance, and improves
immune regulation.[118] Mentoring aims to make coherence tangible by integrating knowledge
(comprehensibility), agency (manageability), and purpose (meaningfulness).

4.11.4. Neuroplasticity and Habit Formation

Neuroplastic processes enable repeated decisions to translate into stable neural pathways. Hebb’s
classical rule (“neurons that fire together, wire together”; Hebb, 1949) describes the fundamental
principle underlying all behavioral change.[119] A longitudinal study by Lally et al. (2010) found that,
on average, 66 days are required for new habits to become stably embedded in behavior.[120] During
this period, continuous feedback is crucial to stabilize dopaminergic reward cascades and prevent
relapse. Mentors accompany this process by providing reinforcement and structure — a function that
no pharmacological intervention can yet replicate.

4.11.5. Therapeutic Alliance and Social Neurobiology

The quality of the relationship between mentor and client is one of the strongest predictors of ther-
apeutic success. A meta-analysis by Horvath & Symonds (1991) showed that the therapeutic alliance
accounts for 26% of the variance in outcomes across all therapy modalities. Social neurobiological
research demonstrates that empathic resonance and mirroring promote oxytocin release, lower stress
hormone levels, and strengthen prefrontal integration.[121,122] Mentors thus activate biochemical and
neural mechanisms through relationship — mechanisms that enhance motivation, safety, and learning
capacity — a form of biological co-regulation that cannot be pharmacologically reproduced.

4.11.6. Systemic Reinforcement Through Feedback and Structure

Recent studies on behavioral architecture show that feedback loops stabilize neurobiological
reward pathways. Interactive health programs incorporating digital feedback, gamification, or social
embedding significantly increase adherence: Patel et al. (2018) found in a 24-week study a 55% increase
in physical activity through daily feedback and social incentives compared to control groups.[123]
Mentors deliberately use such structures to support the dopaminergic learning system and to ensure
behavioral consistency.

Sustainable behavioral change is not an act of knowledge but a process of perception and meaning-
making. Numerous studies demonstrate that people only change their behavior permanently toward
“chronic health” when their inner perspective on health shifts — from external control to inner self-
efficacy, from discipline to meaning. Key factors include self-efficacy (explaining about 30% of the
variance), autonomous motivation, the sense of coherence, and the quality of the relationship with
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the mentor or coach (around 26% of the variance). These psychological and social variables exert
measurable effects on biology: they regulate stress hormone axes, promote neuroplastic learning pro-
cesses, and modulate epigenetic programs that enable regeneration and resilience. Thus, regenerative
medicine places the human being not as the object of intervention but as the active architect of their
biological programs. The true beginning of healing, therefore, does not lie in the intervention itself
but in the inner shift of perspective through which behavior gains meaning, motivation arises, and
health becomes an expression of conscious identity.[113] We wish to emphasize at this point that these
methods are by no means “soft” or peripheral approaches, but rather constitute genuinely medical
interventions. Novel, emotionally significant experiences activate complex neurobiological signaling
pathways that release a biochemical cocktail of dopamine, norepinephrine, endorphins, neurotrophic
factors (e.g., BDNF), and many others. These substances modulate not only synaptic plasticity and
memory formation but also influence stem cell activity, immune responses, and metabolic pathways.
Numerous studies show that biopsychosocial and novel interventions promote anti-inflammatory
cytokine profiles, regulate the HPA axis, and enhance heart rate variability — effects that are, in terms
of efficacy, comparable to pharmacological therapies.

Effective behavioral change begins neurobiologically where learning becomes possible: with the
activation of dopaminergic salience networks. Studies show that the brain learns most effectively
when an experience is novel, emotionally significant, or contextually unexpected. Novelty acts as
a phasic dopaminergic stimulus that enhances attention, motivation, and synaptic plasticity in the
hippocampus — the key prerequisites for encoding new behavioral patterns.

Already Nico Bunzeck and Emrah Düzel (2006) demonstrated in an fMRI study that novel stimuli
activate the reward system (substantia nigra/ventral tegmental area) and thereby significantly
improve learning performance in the hippocampus.[124] Later studies confirmed this mechanism
as the basis of the so-called novelty-related dopamine release: novelty triggers phasic dopamine that
strengthens long-term potentiation (LTP) and thus facilitates the “writing” of new experiences into
memory traces.

On the behavioral level, this means that routine change alone is rarely sufficient to transform
deeply ingrained patterns. Only affectively charged, meaningful, and novel experiences disrupt the
brain’s predictive models and open a window of heightened plasticity. This “window of opportunity” is
purposefully utilized in regenerative medicine by embedding patients into non-ordinary, emotionally
salient contexts — for example, health retreats, nature-based interventions, or physically and mentally
challenging experiences in new environments. Such experiences activate both the dopaminergic
reward system and the noradrenergic arousal system, placing the brain into a highly labile learning
state that is particularly conducive to lasting behavioral change.
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Figure 25. The figure illustrates transformation as a sequential domino effect: an Aha moment initiates a new
perspective, which modulates emotional responses and thereby changes language, actions, and habits. These,
in turn, shape social relationships, external appearance, and ultimately individual destiny. From a neuro- and
behavioral-scientific perspective, this demonstrates how cognitive reappraisal and insight can initiate lasting
epigenetic and psychosocial transformations.

Novelty (“perspective shift”) functions not only neurobiologically but also psychologically as a
trigger for new beginnings. Many patients require a clear transitional moment to leave behind old
habits and adopt new ones — a symbolic “reset.” Authority figures can help initiate and guide such
transformative experiences.

An intriguing epigenetic aspect is that intense learning processes — as they occur during emo-
tionally meaningful novel experiences — leave epigenetic marks in neurons that stabilize long-term
memory. This means that a profound experience literally writes itself into the patient’s biology, thereby
supporting enduring behavioral change.

Through the combination of trusting guidance and experiential learning, patients can more easily
break free from entrenched behavioral loops. Regenerative medicine deliberately applies the concept
of “therapeutic novelty” — whether through new forms of movement, colors, symbols, approaches,
sensory experiences, rituals, or social dynamics — to make transformation not only intellectually
discussed but also felt and embodied. Mentors play a central role in this process: they structure
these experiences, reflect on their emotional significance, and help translate the neurobiologically
activated learning window into cognitive and behavioral integration. Only through this combination
of emotional experience, social resonance, and targeted reflection does novelty become genuine
transformation.

4.12. Voluntary Cooperation as the Foundation of Self-Efficacy and Health

A guiding ethical principle of regenerative medicine is absolute voluntariness. Sustainable self-
healing and the unfolding of health can only thrive in an atmosphere of freedom and safety. In contrast,
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coercion, fear, and intrusion generate stress, resistance, or resignation — all states that suppress
regenerative processes at their root.

This has profound implications for the therapeutic relationship: it must be based on cooperative
equality. Patient and practitioner make shared, informed decisions (Shared Decision Making), with the
patient ultimately remaining in control. Glyn Elwyn emphasizes that shared decision making aims to
strengthen patient autonomy, especially when multiple treatment options exist. In trauma-informed
medical practice, this also means that a patient’s “no” must always be possible without negative
consequences (“offers that can be declined without harm”). Only when patients know that nothing
will be “done to them” against their will can they truly open up and participate in the process with
trust. This freedom naturally uncovers self-efficacy as an emergent phenomenon.

The principles of trauma-informed care, as formulated by SAMHSA, reinforce this approach:
safety, transparency, peer support, collaboration, empowerment, and choice are central tenets. “Em-
powerment, Voice, and Choice” — strengthening the voice and decision-making power of those
affected — is a key element in restoring self-efficacy to patients who have previously experienced
powerlessness. In regenerative medicine, every intervention and every measure is understood as an
offer, not as a command. Ideally, patients even develop joy and curiosity toward the intervention (see
Thesis 11), which is only possible when it occurs voluntarily and at their own pace.[125]

This principle of voluntariness extends beyond the individual and carries central implications
for society, health psychology, and health economics. Psychologically, sustainable behavioral change
arises only when people act from autonomy, meaning, and intrinsic motivation; coercion, by contrast,
undermines self-efficacy, motivation, and the willingness to integrate health-promoting behavior
permanently.

Economically, voluntariness means that health services, therapies, and innovations emerge in a
marketplace of ideas and offers. This reduces costs, increases the diversity of solutions, and enables
more precise and personalized interventions. Health economic analyses show that models based on
coaching, mentoring, and community structures are not only effective but also significantly more
cost-efficient than purely physician-centered one-to-one care models.[126–128]

Freedom, sovereignty, and self-efficacy are not optional values but biological prerequisites of
human existence. Already John Locke (1690) saw individual freedom as the natural right that makes
life and health possible in the first place. Modern psychology and neuroscience demonstrate that
self-efficacy is not “granted” but an intrinsic organizational principle of the human organism — the
capacity to translate internal and external stimuli into self-directed action is part of our neurobiological
design. Ludwig von Mises (1949) emphasized that free choice is the expression of this anthropological
constitution: humans act necessarily in pursuit of goals, and restrictions on freedom of choice function
as disruptions to the body’s regulatory logic. Murray Rothbard (1973) further illustrated that only
within voluntary cooperation can individual sovereignty be respected — a principle physiologically
anchored in trust, stress reduction, and regenerative capacity.

Thus, freedom is biomedically necessary. It activates salutogenic processes, supports mitochon-
drial resilience, neurovegetative regulation, metabolic flexibility, and immunological balance, and
thereby makes regeneration possible in the first place. Regenerative medicine can therefore only be
founded upon voluntary cooperation and sovereign self-determination — not as an ethical ideal, but
as a biological reality.

Especially within healthcare, where trust is essential, coercive measures — whether through
restrictive legislation or paternalistic structures — can be counterproductive. Patients who feel
obligated or patronized often shut down cognitively and emotionally or withdraw — genuine healing
in the sense of regenerative medicine then becomes nearly impossible. Conversely, a framework of
freedom enables individuals to flourish from within, allows health-economic innovation to thrive (as
diverse approaches compete and learn from one another), reduces costs (via market dynamics), and
fosters trust-based relationships grounded in mutual agreement rather than coercion.[129–134]
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Regenerative medicine is therefore not only a biological or clinical process but also a cultural
and societal one. It cultivates an environment that promotes self-responsibility, enables voluntary
participation, and establishes nonviolence as a norm. In such an environment, the intrinsic motivation
and creative solutions necessary for deep health transformation can truly unfold.

4.13. The Transmissibility of Non-Communicable Diseases

Infections, at their core, are the transmission of information — a universal biological principle.
On the genetic level, this occurs through viruses, bacteria, or parasites that insert DNA or RNA
information into host cells. On the memetic level, it takes place through culturally and linguistically
encoded memes that modulate neural networks, shape behavior, and lead to long-term physiological
consequences. In both cases, these are biological information particles transmitted, selected, and
integrated through systems.[135,136]

Whether such information leads to disease or contributes to resilience depends largely on the state
of the immune system. A healthy immune system can neutralize infectious genetic information and
convert it into an adaptive response — resulting in immunity, protection, adaptation, and resilience.
Analogously, a healthy “memetic immune system” can recognize, critically evaluate, and integrate
destructive content, ensuring that it causes no chronic harm but instead fosters conscious resilience.
Only when this defense system is weakened or dysregulated do pathogenic genes or memes spread
uncontrollably, resulting in chronic biopsychosocial illness.[137–140]

Figure 26. The figure illustrates the dynamics of memetic information transmission analogous to biological
infection processes. Following an exposure to external stimuli, a process of incubation (cognitive conflict and re-
flection) or direct infection (adoption without reflection) occurs. Through internalization, content becomes stably
integrated into cognitive and behavioral structures, enabling its transmission to others. This process highlights
how ideas, narratives, and beliefs permeate social systems and influence biological adaptation mechanisms —
including stress regulation and epigenetics.

Just as infectiology and immunology made acute diseases controllable by identifying pathogenic
transmission pathways, regenerative medicine opens new avenues for addressing non-communicable
diseases. By precisely identifying and replacing pathogenic — and scientifically inaccurate — memes
such as “exercise kills” or “osteoarthritis is just wear and tear,” habitual factors and health behaviors can
be transformed both individually and culturally. Chronic health thus arises from conscious information
integration: cultivating a strong genetic and memetic immune system capable of successfully repelling,
integrating, and translating infectious information into adaptive resilience.

4.14. Communication as Medicine

Medicine comes alive through communication and interaction — between doctor and patient,
between mentor, physician, and patient, between joy and suffering, between scientific insight and
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everyday behavior. A central problem of modern medicine is that it is not enough to merely convey
knowledge: people must embody it, process it emotionally, and find joy in applying new information.
Neuroscientific research shows that humans learn most effectively when content is presented in a way
that is comprehensible, experiential, emotionally meaningful, and repeated over time.[141]

Key factors include:

• Emotionality: Targeted emotional engagement, curiosity, and enthusiasm increase synaptic
plasticity and anchor information more deeply.

• Playfulness: Play activates dopaminergic reward circuits, the emotional motor system, enhances
vagal tone, promotes motivation, and increases the likelihood that content will be voluntarily and
joyfully repeated.

• Experiential Learning: Experiences involving all senses leave stronger neural traces than abstract
knowledge. “Let the mountains speak for themselves” means that nature, movement, and direct
bodily experiences serve as more effective teachers than verbal explanations.[142]

• Community: Social resonance and collective engagement reinforce learning through mirror
neurons and social validation.

• Non-Daily Experiences (NDEs): Unusual perspectives, rituals, or deliberate disruptions of
routine evoke emotional arousal and open neuroplastic windows in which new habits can be
formed more easily.

Figure 27. The figure illustrates that perception is shaped by perspectival dependence: the same object (a cylinder)
may appear as either a square or a circle in projection. Both views are partially correct, yet each represents only a
fragment of the underlying reality. In medicine, this model underscores the need for integrative paradigms that
unite diverse perspectives — molecular, systemic, psychosocial — to do justice to the complex truth of biological
processes.

Regenerative medicine recognizes communication not merely as a means of knowledge transfer
but as a biological intervention — as medicine itself. It employs emotion, play, community, and
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experience as therapeutic agents to enable learning, understanding, and behavioral transformation.
The goal is not merely information, but the joy of perspective shifts and transformation — a process in
which medicine evolves from mere healing to the co-creation of health.

5. Efficacy, Cost-Effectiveness, and Scalability of Regenerative Medicine
The 14 theses of regenerative medicine — from mitohormesis and epigenetics to the neurobiology

of change — are increasingly supported by science. Numerous mechanistic studies confirm the
effects of hormetic stimuli on mitochondria, inflammation status, and gene expression. Cohort and
case-control studies consistently demonstrate that lifestyle factors such as exercise, nutrition, and
psychosocial coherence are central determinants of chronic health. Meanwhile, the first randomized
controlled trials (RCTs) — for instance, on ketogenic diets in epilepsy, low-carbohydrate interventions
in diabetes, and mindfulness-based programs in depression — have shown that the methods applied
in regenerative medicine are both effective and safe. We now stand at a threshold where the key
question is no longer efficacy but economic implementation.

This question can be answered because regenerative medicine is founded on community- and
mentoring-based models. Group programs, hybrid online communities, and peer-to-peer support
have repeatedly proven to be more cost-effective and sustainable than purely physician-centered one-
on-one sessions.[20] Group-based diabetes coaching, for example, reduces costs by 30–40 % compared
to standard care, while simultaneously improving clinical outcomes.[143] Even simple telephone-
based mentoring has been shown to save an average of $3,327 per patient compared to standard
treatment.[144] Similar effects have been documented in programs focused on weight reduction,
cardiovascular prevention, and mental health. In contrast to high-cost pharmacological therapies,
salutogenic lifestyle interventions can be implemented with minimal expenses and yield a high return
on investment.

The scalability of regenerative medicine arises from its didactic architecture: its principles are
teachable — not only to physicians but also to specialized mentors who accompany patients in
their daily lives. Since traditional medical education — philosophically, structurally, and formally —
remains aligned with the paradigm of acute medicine, a dedicated education in regenerative medicine
is required, either as a distinct medical specialty or as an independent foundational training. This
education should systematically impart competencies in mitohormesis, salutogenesis, communication
psychology, and mentor-based practice.

While digital technologies and AI systems can assist with data collection, monitoring, and decision
support, regenerative medicine deliberately pursues a human-driven, data-assisted approach rather
than a purely data-driven one. The human being — with the capacity for empathy, meaning-making,
and creative as well as cooperative decision-making — remains at the center.

6. Conclusion and Outlook
The fourteen theses presented here outline a comprehensive paradigm of regenerative medicine.

Its focus is not the isolated suppression of individual diseases, but the deliberate cultivation of chronic
health — understood as the result of long-term biological adaptation processes. This paradigm inte-
grates the classical concepts of germ theory and terrain theory but expands them through the sciences
of biological adaptation, mitohormesis, epigenetic memory formation, resilience, and antifragility.
Health thus emerges as an emergent phenomenon arising from the interaction of mitochondria, neuro-
immuno-metabolic networks, habitual decisions, psychological self-efficacy, and cultural dynamics.

For medical professionals, the paradigm of regenerative medicine provides an integrative frame-
work that links molecular, cellular, systemic, psychological, and social research into a coherent whole.
It identifies concrete markers (e.g., VO2max, HRV, hsCRP, resolvins, insulin, cortisol rhythm) and
points of intervention through which chronic diseases can be both prevented and therapeutically
reversed — by addressing the roots of energy allocation, inflammation, and information processing
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rather than managing symptoms in isolation. Regenerative medicine may therefore represent the first
systematic and practical implementation of the biopsychosocial model in everyday clinical practice.

Beyond its scientific dimension, this paradigm emphasizes the role of patients as active co-
creators of their own health trajectory. Chronic health emerges from daily habitual decisions that
act as biological medications — mediated by the seven physicians: Dr. Connection, Dr. Story, Dr.
Breath, Dr. Nutrition, Dr. Nature, Dr. Movement, and Dr. Pharma. Mentorship, meaning-making,
and the integration of salutogenic memes are key levers to enhance self-efficacy and foster sustainable
behavioral transformation.

In the long term, establishing regenerative medicine as an independent discipline could enable
healthcare systems to offer, alongside the primarily acute and reparative model, an organic medicine
with curative intent. In light of the global pandemic of chronic diseases, the rise in psychological
stress, and the growing overload of healthcare infrastructures, the 21st century demands a profound
paradigm shift. Regenerative medicine provides a compass for this transformation: it combines
high-tech (e.g., biomarkers, epigenetics, systems medicine) with high-touch (empathy, meaning,
relationship, voluntary cooperation).

In doing so, it opens a new, organic understanding of medicine — the “second book of medicine”
— and reunites the art and science of healing in a common direction: the promotion of life, vitality,
resilience, and chronic health.

Author Contributions: Conceptualization, G. Keferstein; Methodology, G. Keferstein; Validation, G. Keferstein, D.
Höhfeld, J. Sauren, R. Wilting, J. Stenzel, L. Hoffmann, and D. Walde; Formal Analysis, G. Keferstein; Investigation,
G. Keferstein; Resources, G. Keferstein; Data Curation, G. Keferstein; Writing – Original Draft, G. Keferstein;
Writing – Review and Editing, G. Keferstein; Visualization, C. Wesseling; Supervision, G. Keferstein; Project
Administration, G. Keferstein; Implementation, D. Höhfeld, J. Sauren, R. Wilting, J. Stenzel, L. Hoffmann, and D.
Walde, with continuous feedback loops integrated into the conceptual work. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was entirely self-funded. As a private institute, we were only able to pursue this
scientific work because regenerative medicine has been established as an independent, effective, and economically
sustainable field.

Acknowledgments: We would like to express our deepest gratitude to the many individuals and institutions who
accompanied us with advice, feedback, and practical support during the development of regenerative medicine.
This continuous human collaboration was essential to the realization of this project, and we are profoundly
thankful for it.

During the preparation of this manuscript, the authors used ChatGPT (GPT-5, OpenAI) to assist with text
structuring, translations, and the drafting of figure descriptions. The authors have carefully reviewed and revised
all generated material and take full responsibility for the content of this publication.

Conflicts of Interest: The authors declare a potential conflict of interest in that they operate an institute for
regenerative medicine and offer professional training programs in this field. This activity arises from their
conviction that regenerative medicine represents an effective and forward-looking domain of healthcare.

At the same time, the authors regard this field as an open-source project: they make no patent or proprietary
claims on the concepts or methods of regenerative medicine and view themselves as one of many institutions
contributing to the further development of this discipline in the years to come.

References
1. The Lancet Regional Health – Europe. From inertia to impact: delivering real solutions for non-

communicable diseases. The Lancet Regional Health - Europe 2025, 52, 101315. https://doi.org/10.101
6/j.lanepe.2025.101315.

2. Boddu, S.K.; Giannini, C.; Marcovecchio, M.L. Metabolic disorders in young people around the world.
Diabetologia 2025. https://doi.org/10.1007/s00125-025-06450-2.

3. Ho, J.Y.; Hendi, A.S. Recent trends in life expectancy across high income countries: retrospective observa-
tional study. BMJ 2018, p. k2562. https://doi.org/10.1136/bmj.k2562.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.1016/j.lanepe.2025.101315
https://doi.org/10.1016/j.lanepe.2025.101315
https://doi.org/10.1007/s00125-025-06450-2
https://doi.org/10.1136/bmj.k2562
https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


41 of 47

4. Bratsberg, B.; Rogeberg, O. Flynn effect and its reversal are both environmentally caused. Proceedings of the
National Academy of Sciences 2018, 115, 6674–6678. https://doi.org/10.1073/pnas.1718793115.

5. Burnier, M. The role of adherence in patients with chronic diseases. European Journal of Internal Medicine
2024, 119, 1–5. https://doi.org/10.1016/j.ejim.2023.07.008.

6. Powell, R.; Scarffe, E. ‘Rethinking “Disease”: a fresh diagnosis and a new philosophical treatment’. Journal
of Medical Ethics 2019, 45, 579–588. https://doi.org/10.1136/medethics-2019-105465.

7. Ouellet, G.M.; Ouellet, J.A.; Tinetti, M.E. Challenges in Health Care for Persons With Multiple Chronic
Conditions—Where to Go and How to Get There? JAMA Network Open 2024, 7, e2439837. https://doi.org/
10.1001/jamanetworkopen.2024.39837.

8. Weidmann-Hügle, T.; Monteverde, S. Clinical Ethics Consultation in Chronic Illness: Challenging Epistemic
Injustice Through Epistemic Modesty. HEC Forum 2022, 36, 131–145. https://doi.org/10.1007/s10730-022-0
9494-8.

9. Willett, W.C. Balancing Life-Style and Genomics Research for Disease Prevention. Science 2002, 296, 695–698.
https://doi.org/10.1126/science.1071055.

10. de Ridder, D.; Geenen, R.; Kuijer, R.; van Middendorp, H. Psychological adjustment to chronic disease. The
Lancet 2008, 372, 246–255. https://doi.org/10.1016/s0140-6736(08)61078-8.

11. Kroenke, K.; Corrigan, J.D.; Ralston, R.K.; Zafonte, R.; Brunner, R.C.; Giacino, J.T.; Hoffman, J.M.; Esterov, D.;
Cifu, D.X.; Mellick, D.C.; et al. Effectiveness of care models for chronic disease management: A scoping
review of systematic reviews. PM&R 2023, 16, 174–189. https://doi.org/10.1002/pmrj.13027.

12. Uddin, J.; Joshi, V.L.; Wells, V.; Faruque, M.; Mashreky, S.R.; Movsisyan, A.; Evans, R.; Moore, G.; Taylor, R.S.
Adaptation of complex interventions for people with long-term conditions: a scoping review. Translational
Behavioral Medicine 2024, 14, 514–526. https://doi.org/10.1093/tbm/ibae031.

13. Cannon, W.B., The Wisdom of the Body. In Kindlers Literatur Lexikon (KLL); J.B. Metzler, 1936; p. 1–2.
https://doi.org/10.1007/978-3-476-05728-0_10133-1.

14. Semeraro, F.; Greif, R.; Böttiger, B.W.; Burkart, R.; Cimpoesu, D.; Georgiou, M.; Yeung, J.; Lippert, F.;
S Lockey, A.; Olasveengen, T.M.; et al. European Resuscitation Council Guidelines 2021: Systems saving
lives. Resuscitation 2021, 161, 80–97. https://doi.org/10.1016/j.resuscitation.2021.02.008.

15. Bodenheimer, T. Improving Primary Care for Patients With Chronic Illness. JAMA 2002, 288, 1775.
https://doi.org/10.1001/jama.288.14.1775.

16. Burton, C.; Fink, P.; Henningsen, P.; Löwe, B.; Rief, W. Functional somatic disorders: discussion paper for a
new common classification for research and clinical use. BMC Medicine 2020, 18. https://doi.org/10.1186/
s12916-020-1505-4.

17. Straub, R.H.; Boschiero, D. Medically Unexplained Symptoms Are Linked to Chronic Inflammatory Diseases:
Is There a Role for Frontal Cerebral Blood Oxygen Content? Neuroimmunomodulation 2024, 31, 40–50.
https://doi.org/10.1159/000536204.

18. Rosendal, M.; Olesen, F.; Fink, P. Management of medically unexplained symptoms. BMJ 2004, 330, 4–5.
https://doi.org/10.1136/bmj.330.7481.4.

19. JS, B. Systems Biology Meets Functional Medicine. Integrative Medicine (Encinitas, Calif.), 18, 14–18.
20. Beidelschies, M.; Alejandro-Rodriguez, M.; Guo, N.; Postan, A.; Jones, T.; Bradley, E.; Hyman, M.; Rothberg,

M.B. Patient outcomes and costs associated with functional medicine-based care in a shared versus individual
setting for patients with chronic conditions: a retrospective cohort study. BMJ Open 2021, 11, e048294.
https://doi.org/10.1136/bmjopen-2020-048294.

21. Ristow, M.; Schmeisser, K. Mitohormesis: Promoting Health and Lifespan by Increased Levels of Reactive
Oxygen Species (ROS). Dose-Response 2014, 12. https://doi.org/10.2203/dose-response.13-035.ristow.

22. Jaenisch, R.; Bird, A. Epigenetic regulation of gene expression: how the genome integrates intrinsic and
environmental signals. Nature Genetics 2003, 33, 245–254. https://doi.org/10.1038/ng1089.

23. Picard, M.; McManus, M.J.; Gray, J.D.; Nasca, C.; Moffat, C.; Kopinski, P.K.; Seifert, E.L.; McEwen, B.S.;
Wallace, D.C. Mitochondrial functions modulate neuroendocrine, metabolic, inflammatory, and transcrip-
tional responses to acute psychological stress. Proceedings of the National Academy of Sciences 2015, 112.
https://doi.org/10.1073/pnas.1515733112.

24. Picard, M.; McEwen, B.S.; Epel, E.S.; Sandi, C. An energetic view of stress: Focus on mitochondria. Frontiers
in Neuroendocrinology 2018, 49, 72–85. https://doi.org/10.1016/j.yfrne.2018.01.001.

25. Axenie, C.; López-Corona, O.; Makridis, M.A.; Akbarzadeh, M.; Saveriano, M.; Stancu, A.; West, J. An-
tifragility in complex dynamical systems. npj Complexity 2024, 1. https://doi.org/10.1038/s44260-024-00014
-y.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.1073/pnas.1718793115
https://doi.org/10.1016/j.ejim.2023.07.008
https://doi.org/10.1136/medethics-2019-105465
https://doi.org/10.1001/jamanetworkopen.2024.39837
https://doi.org/10.1001/jamanetworkopen.2024.39837
https://doi.org/10.1007/s10730-022-09494-8
https://doi.org/10.1007/s10730-022-09494-8
https://doi.org/10.1126/science.1071055
https://doi.org/10.1016/s0140-6736(08)61078-8
https://doi.org/10.1002/pmrj.13027
https://doi.org/10.1093/tbm/ibae031
https://doi.org/10.1007/978-3-476-05728-0_10133-1
https://doi.org/10.1016/j.resuscitation.2021.02.008
https://doi.org/10.1001/jama.288.14.1775
https://doi.org/10.1186/s12916-020-1505-4
https://doi.org/10.1186/s12916-020-1505-4
https://doi.org/10.1159/000536204
https://doi.org/10.1136/bmj.330.7481.4
https://doi.org/10.1136/bmjopen-2020-048294
https://doi.org/10.2203/dose-response.13-035.ristow
https://doi.org/10.1038/ng1089
https://doi.org/10.1073/pnas.1515733112
https://doi.org/10.1016/j.yfrne.2018.01.001
https://doi.org/10.1038/s44260-024-00014-y
https://doi.org/10.1038/s44260-024-00014-y
https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


42 of 47

26. Huber, M.; Knottnerus, J.A.; Green, L.; Horst, H.v.d.; Jadad, A.R.; Kromhout, D.; Leonard, B.; Lorig, K.;
Loureiro, M.I.; Meer, J.W.M.v.d.; et al. How should we define health? BMJ 2011, 343, d4163–d4163.
https://doi.org/10.1136/bmj.d4163.

27. Canguilhem, G. Le normal et le pathologique; Presses Universitaires de France: Paris, 1952. Réédition
augmentée de la thèse originale de 1943. Inclut Nouvelles réflexions sur le normal et le pathologique (1963–1966).

28. Qiao, L.; Khalilimeybodi, A.; Linden-Santangeli, N.J.; Rangamani, P. The evolution of systems biol-
ogy and systems medicine: From mechanistic models to uncertainty quantification 2024. [arXiv:astro-
ph.IM/2408.05395].

29. Walker, E.M.; Pearson, G.L.; Lawlor, N.; Stendahl, A.M.; Lietzke, A.; Sidarala, V.; Zhu, J.; Stromer, T.; Reck,
E.C.; Li, J.; et al. Retrograde mitochondrial signaling governs the identity and maturity of metabolic tissues.
Science 2025, 388. https://doi.org/10.1126/science.adf2034.

30. Wei, P.; Zhang, X.; Yan, C.; Sun, S.; Chen, Z.; Lin, F. Mitochondrial dysfunction and aging: multidimensional
mechanisms and therapeutic strategies. Biogerontology 2025, 26. https://doi.org/10.1007/s10522-025-10273
-4.

31. Sassone-Corsi, P. When Metabolism and Epigenetics Converge. Science 2013, 339, 148–150. https://doi.org/
10.1126/science.1233423.

32. Naviaux, R.K. Mitochondrial and metabolic features of salugenesis and the healing cycle. Mitochondrion
2023, 70, 131–163. https://doi.org/10.1016/j.mito.2023.04.003.

33. Sterling, P. Allostasis: A model of predictive regulation. Physiology & Behavior 2012, 106, 5–15. https:
//doi.org/10.1016/j.physbeh.2011.06.004.

34. Dantzer, R.; Kelley, K.W. Twenty years of research on cytokine-induced sickness behavior. Brain, Behavior,
and Immunity 2007, 21, 153–160. https://doi.org/10.1016/j.bbi.2006.09.006.

35. Karatsoreos, I.N.; McEwen, B.S. Psychobiological allostasis: resistance, resilience and vulnerability. Trends in
Cognitive Sciences 2011, 15, 576–584. https://doi.org/10.1016/j.tics.2011.10.005.

36. Wallace, D.C. A Mitochondrial Paradigm of Metabolic and Degenerative Diseases, Aging, and Cancer: A
Dawn for Evolutionary Medicine. Annual Review of Genetics 2005, 39, 359–407. https://doi.org/10.1146/
annurev.genet.39.110304.095751.

37. Rolfe, D.F.; Brown, G.C. Cellular energy utilization and molecular origin of standard metabolic rate in
mammals. Physiological Reviews 1997, 77, 731–758. https://doi.org/10.1152/physrev.1997.77.3.731.

38. Pontzer, H.; Durazo-Arvizu, R.; Dugas, L.; Plange-Rhule, J.; Bovet, P.; Forrester, T.; Lambert, E.; Cooper, R.;
Schoeller, D.; Luke, A. Constrained Total Energy Expenditure and Metabolic Adaptation to Physical Activity
in Adult Humans. Current Biology 2016, 26, 410–417. https://doi.org/10.1016/j.cub.2015.12.046.

39. Verdin, E. NAD + in aging, metabolism, and neurodegeneration. Science 2015, 350, 1208–1213. https:
//doi.org/10.1126/science.aac4854.

40. Vander Heiden, M.G.; Cantley, L.C.; Thompson, C.B. Understanding the Warburg Effect: The Metabolic
Requirements of Cell Proliferation. Science 2009, 324, 1029–1033. https://doi.org/10.1126/science.1160809.

41. Viola, A.; Munari, F.; Sánchez-Rodríguez, R.; Scolaro, T.; Castegna, A. The Metabolic Signature of Macrophage
Responses. Frontiers in Immunology 2019, 10. https://doi.org/10.3389/fimmu.2019.01462.

42. Das, M.; Alzaid, F.; Bayry, J. Regulatory T Cells under the Mercy of Mitochondria. Cell Metabolism 2019,
29, 243–245. https://doi.org/10.1016/j.cmet.2019.01.012.

43. Jimenez-Blasco, D.; Lapresa, R.; Agulla, J.; Almeida, A.; Bolaños, J.P. Neuronal glycolysis meets mitophagy
to govern organismal wellbeing. Trends in Endocrinology & Metabolism 2025. https://doi.org/10.1016/j.tem.
2025.05.005.

44. Pathak, D.; Shields, L.Y.; Mendelsohn, B.A.; Haddad, D.; Lin, W.; Gerencser, A.A.; Kim, H.; Brand, M.D.;
Edwards, R.H.; Nakamura, K. The Role of Mitochondrially Derived ATP in Synaptic Vesicle Recycling.
Journal of Biological Chemistry 2015, 290, 22325–22336. https://doi.org/10.1074/jbc.m115.656405.

45. Lautrup, S.; Sinclair, D.A.; Mattson, M.P.; Fang, E.F. NAD+ in Brain Aging and Neurodegenerative Disorders.
Cell Metabolism 2019, 30, 630–655. https://doi.org/10.1016/j.cmet.2019.09.001.

46. Casanova, A.; Wevers, A.; Navarro-Ledesma, S.; Pruimboom, L. Mitochondria: It is all about energy. Frontiers
in Physiology 2023, 14. https://doi.org/10.3389/fphys.2023.1114231.

47. Picard, M.; Murugan, N. The Energy Resistance Principle: A Unifying Framework for Bioenergetics and
Health. Cell Metabolism 2025, 37, 512–529. https://doi.org/10.1016/j.cmet.2025.02.007.

48. Turrens, J.F. Mitochondrial formation of reactive oxygen species. The Journal of Physiology 2003, 552, 335–344.
https://doi.org/10.1113/jphysiol.2003.049478.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.1136/bmj.d4163
http://arxiv.org/abs/2408.05395
http://arxiv.org/abs/2408.05395
https://doi.org/10.1126/science.adf2034
https://doi.org/10.1007/s10522-025-10273-4
https://doi.org/10.1007/s10522-025-10273-4
https://doi.org/10.1126/science.1233423
https://doi.org/10.1126/science.1233423
https://doi.org/10.1016/j.mito.2023.04.003
https://doi.org/10.1016/j.physbeh.2011.06.004
https://doi.org/10.1016/j.physbeh.2011.06.004
https://doi.org/10.1016/j.bbi.2006.09.006
https://doi.org/10.1016/j.tics.2011.10.005
https://doi.org/10.1146/annurev.genet.39.110304.095751
https://doi.org/10.1146/annurev.genet.39.110304.095751
https://doi.org/10.1152/physrev.1997.77.3.731
https://doi.org/10.1016/j.cub.2015.12.046
https://doi.org/10.1126/science.aac4854
https://doi.org/10.1126/science.aac4854
https://doi.org/10.1126/science.1160809
https://doi.org/10.3389/fimmu.2019.01462
https://doi.org/10.1016/j.cmet.2019.01.012
https://doi.org/10.1016/j.tem.2025.05.005
https://doi.org/10.1016/j.tem.2025.05.005
https://doi.org/10.1074/jbc.m115.656405
https://doi.org/10.1016/j.cmet.2019.09.001
https://doi.org/10.3389/fphys.2023.1114231
https://doi.org/10.1016/j.cmet.2025.02.007
https://doi.org/10.1113/jphysiol.2003.049478
https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


43 of 47

49. Shadel, G.S.; Horvath, T.L. Mitochondrial ROS signaling in organismal homeostasis. Cell 2015, 163, 560–569.
https://doi.org/10.1016/j.cell.2015.10.001.

50. Lockhart, S.M.; Saudek, V.; O’Rahilly, S. GDF15: A hormone conveying somatic distress to the brain.
Endocrine Reviews 2020, 41, bnaa007. https://doi.org/10.1210/endrev/bnaa007.

51. Lehtonen, J.M.; Auranen, M.; Darin, N.; Sofou, K.; Bindoff, L.; Hikmat, O.; Uusimaa, J.; Vieira, P.; Tulinius,
M.; Lönnqvist, T.; et al. Diagnostic value of serum biomarkers FGF21 and GDF15 compared to muscle
sample in mitochondrial disease. Journal of Inherited Metabolic Disease 2021, 44, 469–480. https://doi.org/10
.1002/jimd.12307.

52. Crosswell, A.D.; Mayer, S.E.; Whitehurst, L.N.; Picard, M.; Zebarjadian, S.; Epel, E.S. Deep rest: An
integrative model of how contemplative practices combat stress and enhance the body’s restorative capacity.
Psychological Review 2024, 131, 247–270. https://doi.org/10.1037/rev0000453.

53. Neufer, P.D.; Bamman, M.M.; Muoio, D.M.; Bouchard, C.; Cooper, D.M.; Goodpaster, B.H.; Booth, F.W.; Kohrt,
W.M.; Gerszten, R.E.; Mattson, M.P.; et al. Understanding the cellular and molecular mechanisms of physical
activity-induced health benefits. Cell Metabolism 2015, 22, 4–11. https://doi.org/10.1016/j.cmet.2015.05.011.

54. Wu, Z.; Puigserver, P.; Andersson, U.; Zhang, C.; Adelmant, G.; Mootha, V.; Troy, A.; Cinti, S.; Lowell,
B.; Scarpulla, R.C.; et al. Mechanisms controlling mitochondrial biogenesis and respiration through the
thermogenic coactivator PGC-1. Cell 1999, 98, 115–124. https://doi.org/10.1016/S0092-8674(00)80611-X.

55. Chinsomboon, J.; Ruas, J.; Gupta, R.K.; Thom, R.; Shoag, J.; Rowe, G.C.; Sawada, N.; Raghuram, S.; Arany,
Z. The transcriptional coactivator PGC-1alpha mediates exercise-induced angiogenesis in skeletal muscle.
Proceedings of the National Academy of Sciences USA 2009, 106, 21401–21406. https://doi.org/10.1073/pnas.09
09131106.

56. Cefis, M.; Marcangeli, V.; Hammad, R.; Granet, J.; Leduc-Gaudet, J.P.; Gaudreau, P.; Trumpff, C.; Huang, Q.;
Picard, M.; Aubertin-Leheudre, M.; et al. Impact of physical activity on physical function, mitochondrial
energetics, ROS production, and Ca2+ handling across the adult lifespan in men. Cell Reports Medicine 2025,
6, 101968. https://doi.org/10.1016/j.xcrm.2025.101968.

57. Calabrese, E.J.; Mattson, M.P. How does hormesis impact biology, toxicology, and medicine? npj Aging and
Mechanisms of Disease 2017, 3. https://doi.org/10.1038/s41514-017-0013-z.

58. McEwen, B.S.; Wingfield, J.C. The concept of allostasis in biology and biomedicine. Hormones and Behavior
2003, 43, 2–15. https://doi.org/10.1016/s0018-506x(02)00024-7.

59. Youle, R.J.; van der Bliek, A.M. Mitochondrial Fission, Fusion, and Stress. Science 2012, 337, 1062–1065.
https://doi.org/10.1126/science.1219855.

60. Naviaux, R.K. Metabolic features of the cell danger response. Mitochondrion 2014, 16, 7–17. https:
//doi.org/10.1016/j.mito.2013.08.006.

61. Pongratz, G.; Straub, R.H. The sympathetic nervous response in inflammation. Arthritis Research & Therapy
2014, 16. https://doi.org/10.1186/s13075-014-0504-2.

62. Straub, R.H. Interaction of the endocrine system with inflammation: a function of energy and volume
regulation. Arthritis Research & Therapy 2014, 16. https://doi.org/10.1186/ar4484.

63. Straub, R.H.; Schradin, C. Chronic inflammatory systemic diseases – an evolutionary trade-off between
acutely beneficial but chronically harmful programs. Evolution, Medicine, and Public Health 2016, p. eow001.
https://doi.org/10.1093/emph/eow001.

64. Peters, A.; Kubera, B.; Hubold, C.; Langemann, D. The Selfish Brain: Stress and Eating Behavior. Frontiers in
Neuroscience 2011, 5. https://doi.org/10.3389/fnins.2011.00074.

65. Peters, A.; Schweiger, U.; Pellerin, L.; Hubold, C.; Oltmanns, K.; Conrad, M.; Schultes, B.; Born, J.; Fehm, H.
The selfish brain: competition for energy resources. Neuroscience & Biobehavioral Reviews 2004, 28, 143–180.
https://doi.org/10.1016/j.neubiorev.2004.03.002.

66. Peters, A.; McEwen, B.S.; Friston, K. Uncertainty and stress: Why it causes diseases and how it is mastered
by the brain. Progress in Neurobiology 2017, 156, 164–188. https://doi.org/10.1016/j.pneurobio.2017.05.004.

67. Smith, R.L.; Soeters, M.R.; Wüst, R.C.I.; Houtkooper, R.H. Metabolic Flexibility as an Adaptation to
Energy Resources and Requirements in Health and Disease. Endocrine Reviews 2018, 39, 489–517. https:
//doi.org/10.1210/er.2017-00211.

68. Haykin, H.; Rolls, A. The neuroimmune response during stress: A physiological perspective. Immunity 2021,
54, 1933–1947. https://doi.org/10.1016/j.immuni.2021.08.023.

69. Straub, R.H.; Pongratz, G.; Buttgereit, F.; Gaber, T. Energiemetabolismus des Immunsystems: Konsequenzen
bei chronischen Entzündungen. Zeitschrift für Rheumatologie 2023, 82, 479–490. https://doi.org/10.1007/s0
0393-023-01389-4.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.1016/j.cell.2015.10.001
https://doi.org/10.1210/endrev/bnaa007
https://doi.org/10.1002/jimd.12307
https://doi.org/10.1002/jimd.12307
https://doi.org/10.1037/rev0000453
https://doi.org/10.1016/j.cmet.2015.05.011
https://doi.org/10.1016/S0092-8674(00)80611-X
https://doi.org/10.1073/pnas.0909131106
https://doi.org/10.1073/pnas.0909131106
https://doi.org/10.1016/j.xcrm.2025.101968
https://doi.org/10.1038/s41514-017-0013-z
https://doi.org/10.1016/s0018-506x(02)00024-7
https://doi.org/10.1126/science.1219855
https://doi.org/10.1016/j.mito.2013.08.006
https://doi.org/10.1016/j.mito.2013.08.006
https://doi.org/10.1186/s13075-014-0504-2
https://doi.org/10.1186/ar4484
https://doi.org/10.1093/emph/eow001
https://doi.org/10.3389/fnins.2011.00074
https://doi.org/10.1016/j.neubiorev.2004.03.002
https://doi.org/10.1016/j.pneurobio.2017.05.004
https://doi.org/10.1210/er.2017-00211
https://doi.org/10.1210/er.2017-00211
https://doi.org/10.1016/j.immuni.2021.08.023
https://doi.org/10.1007/s00393-023-01389-4
https://doi.org/10.1007/s00393-023-01389-4
https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


44 of 47

70. Porges, S.W. Polyvagal theory: a journey from physiological observation to neural innervation and clinical
insight. Frontiers in Behavioral Neuroscience 2025, 19. https://doi.org/10.3389/fnbeh.2025.1659083.

71. Wrona, M.V.; Ghosh, R.; Coll, K.; Chun, C.; Yousefzadeh, M.J. The 3 I’s of immunity and aging: immunose-
nescence, inflammaging, and immune resilience. Frontiers in Aging 2024, 5. https://doi.org/10.3389/fragi.
2024.1490302.

72. Goodpaster, B.H.; Sparks, L.M. Metabolic Flexibility in Health and Disease. Cell Metabolism 2017, 25, 1027–
1036. https://doi.org/10.1016/j.cmet.2017.04.015.

73. Ang, J.H.C.; Sun, L.; Foo, S.Y.R.; Leow, M.K.S.; Vidal-Puig, A.; Fontana, L.; Dalakoti, M. Perspectives on
whole body and tissue-specific metabolic flexibility and implications in cardiometabolic diseases. Cell Reports
Medicine 2025, 6, 102354. https://doi.org/10.1016/j.xcrm.2025.102354.

74. Tsiouris, J.A. Metabolic depression in hibernation and major depression: An explanatory theory and an
animal model of depression. Medical Hypotheses 2005, 65, 829–840. https://doi.org/10.1016/j.mehy.2005.05.
044.

75. Naviaux, R.K.; Naviaux, J.C.; Li, K.; Bright, A.T.; Alaynick, W.A.; Wang, L.; Baxter, A.; Nathan, N.; Anderson,
W.; Gordon, E. Metabolic features of chronic fatigue syndrome. Proceedings of the National Academy of Sciences
2016, 113. https://doi.org/10.1073/pnas.1607571113.

76. Hoel, F.; Hoel, A.; Pettersen, I.K.; Rekeland, I.G.; Risa, K.; Alme, K.; Sørland, K.; Fosså, A.; Lien, K.; Herder, I.;
et al. A map of metabolic phenotypes in patients with myalgic encephalomyelitis/chronic fatigue syndrome.
JCI Insight 2021, 6. https://doi.org/10.1172/jci.insight.149217.

77. Su, L.; Cai, Y.; Xu, Y.; Dutt, A.; Shi, S.; Bramon, E. Cerebral metabolism in major depressive disorder:
a voxel-based meta-analysis of positron emission tomography studies. BMC Psychiatry 2014, 14. https:
//doi.org/10.1186/s12888-014-0321-9.

78. Lipsitz, L.A. Loss of “Complexity” and Aging: Potential Applications of Fractals and Chaos Theory to
Senescence. JAMA 1992, 267, 1806. https://doi.org/10.1001/jama.1992.03480130122036.

79. Kodama, S. Cardiorespiratory Fitness as a Quantitative Predictor of All-Cause Mortality and Cardiovascular
Events in Healthy Men and Women: A Meta-analysis. JAMA 2009, 301, 2024. https://doi.org/10.1001/jama.
2009.681.

80. Ross, R.; Blair, S.N.; Arena, R.; Church, T.S.; Després, J.P.; Franklin, B.A.; Haskell, W.L.; Kaminsky, L.A.;
Levine, B.D.; Lavie, C.J.; et al. Importance of Assessing Cardiorespiratory Fitness in Clinical Practice: A Case
for Fitness as a Clinical Vital Sign: A Scientific Statement From the American Heart Association. Circulation
2016, 134. https://doi.org/10.1161/cir.0000000000000461.

81. DeFronzo, R.A.; Tripathy, D. Skeletal Muscle Insulin Resistance Is the Primary Defect in Type 2 Diabetes.
Diabetes Care 2009, 32, S157–S163. https://doi.org/10.2337/dc09-s302.

82. Hotamisligil, G.S. Inflammation and metabolic disorders. Nature 2006, 444, 860–867. https://doi.org/10.103
8/nature05485.

83. Jiang, W.Z.; Fan, Z.L.; Xu, M.L.; Qian, E.H.; Lu, K.D. Association between insulin resistance and multiple
chronic diseases: a cross-sectional study from CHARLS. Journal of Health, Population and Nutrition 2025, 44.
https://doi.org/10.1186/s41043-025-00878-3.

84. Li, H.; Chen, Z.; Jiang, G.; Yu, W.; Luo, J.; Li, S.; Xie, L.; Bai, X.; Xu, Y.; Jiang, Y.; et al. The Associations
Between the <scp>TyG</scp> Index and the Risk of Cancer—A Systematic Review and Meta-Analysis.
Cancer Medicine 2025, 14. https://doi.org/10.1002/cam4.71232.

85. Mensah, G.A.; Arnold, N.; Prabhu, S.D.; Ridker, P.M.; Welty, F.K. Inflammation and Cardiovascular Disease:
2025 ACC Scientific Statement. JACC 2025. https://doi.org/10.1016/j.jacc.2025.08.047.

86. Furman, D.; Campisi, J.; Verdin, E.; Carrera-Bastos, P.; Targ, S.; Franceschi, C.; Ferrucci, L.; Gilroy, D.W.;
Fasano, A.; Miller, G.W.; et al. Chronic inflammation in the etiology of disease across the life span. Nature
Medicine 2019, 25, 1822–1832. https://doi.org/10.1038/s41591-019-0675-0.

87. Franceschi, C.; Campisi, J. Chronic Inflammation (Inflammaging) and Its Potential Contribution to Age-
Associated Diseases. The Journals of Gerontology Series A: Biological Sciences and Medical Sciences 2014, 69, S4–S9.
https://doi.org/10.1093/gerona/glu057.

88. Serhan, C.N. Pro-resolving lipid mediators are leads for resolution physiology. Nature 2014, 510, 92–101.
https://doi.org/10.1038/nature13479.

89. Serhan, C.N.; Chiang, N.; Dalli, J. The resolution code of acute inflammation: Novel pro-resolving lipid
mediators in resolution. Seminars in Immunology 2015, 27, 200–215. https://doi.org/10.1016/j.smim.2015.03.
004.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.3389/fnbeh.2025.1659083
https://doi.org/10.3389/fragi.2024.1490302
https://doi.org/10.3389/fragi.2024.1490302
https://doi.org/10.1016/j.cmet.2017.04.015
https://doi.org/10.1016/j.xcrm.2025.102354
https://doi.org/10.1016/j.mehy.2005.05.044
https://doi.org/10.1016/j.mehy.2005.05.044
https://doi.org/10.1073/pnas.1607571113
https://doi.org/10.1172/jci.insight.149217
https://doi.org/10.1186/s12888-014-0321-9
https://doi.org/10.1186/s12888-014-0321-9
https://doi.org/10.1001/jama.1992.03480130122036
https://doi.org/10.1001/jama.2009.681
https://doi.org/10.1001/jama.2009.681
https://doi.org/10.1161/cir.0000000000000461
https://doi.org/10.2337/dc09-s302
https://doi.org/10.1038/nature05485
https://doi.org/10.1038/nature05485
https://doi.org/10.1186/s41043-025-00878-3
https://doi.org/10.1002/cam4.71232
https://doi.org/10.1016/j.jacc.2025.08.047
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1038/nature13479
https://doi.org/10.1016/j.smim.2015.03.004
https://doi.org/10.1016/j.smim.2015.03.004
https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


45 of 47

90. Jarczok, M.N.; Weimer, K.; Braun, C.; Williams, D.P.; Thayer, J.F.; Gündel, H.O.; Balint, E.M. Heart rate
variability in the prediction of mortality: A systematic review and meta-analysis of healthy and patient
populations. Neuroscience & Biobehavioral Reviews 2022, 143, 104907. https://doi.org/10.1016/j.neubiorev.20
22.104907.

91. Tegegne, B.S.; Said, M.A.; Ani, A.; van Roon, A.M.; Shah, S.; de Geus, E.J.C.; van der Harst, P.; Riese, H.;
Nolte, I.M.; Snieder, H. Phenotypic but not genetically predicted heart rate variability associated with
all-cause mortality. Communications Biology 2023, 6. https://doi.org/10.1038/s42003-023-05376-y.

92. Fries, E.; Dettenborn, L.; Kirschbaum, C. The cortisol awakening response (CAR): Facts and future directions.
International Journal of Psychophysiology 2009, 72, 67–73. https://doi.org/10.1016/j.ijpsycho.2008.03.014.

93. Clow, A.; Hucklebridge, F.; Stalder, T.; Evans, P.; Thorn, L. The cortisol awakening response: More
than a measure of HPA axis function. Neuroscience & Biobehavioral Reviews 2010, 35, 97–103. https:
//doi.org/10.1016/j.neubiorev.2009.12.011.

94. Sweatt, J.D., DNA Methylation in Memory Formation. In Epigenetics, Brain and Behavior; Springer Berlin
Heidelberg, 2012; p. 81–96. https://doi.org/10.1007/978-3-642-27913-3_8.

95. Zovkic, I.B.; Guzman-Karlsson, M.C.; Sweatt, J.D. Epigenetic regulation of memory formation and mainte-
nance. Learning & Memory 2013, 20, 61–74. https://doi.org/10.1101/lm.026575.112.

96. Chen, Z.; Natarajan, R. Epigenetic modifications in metabolic memory: What are the memories, and can we
erase them? American Journal of Physiology-Cell Physiology 2022, 323, C570–C582. https://doi.org/10.1152/
ajpcell.00201.2022.

97. Hao, D.; McBride, M.A.; Bohannon, J.K.; Hernandez, A.; Klein, B.; Williams, D.L.; Sherwood, E.R. Metabolic
adaptations driving innate immune memory: mechanisms and therapeutic implications. Journal of Leukocyte
Biology 2025, 117. https://doi.org/10.1093/jleuko/qiaf037.

98. Fanucchi, S.; Domínguez-Andrés, J.; Joosten, L.A.; Netea, M.G.; Mhlanga, M.M. The Intersection of
Epigenetics and Metabolism in Trained Immunity. Immunity 2021, 54, 32–43. https://doi.org/10.1016/j.
immuni.2020.10.011.

99. Yu, Y.; Qiu, Y.; Zhao, M. The role of epigenetics in inflammatory memory. Current Opinion in Immunology
2025, 96, 102630. https://doi.org/10.1016/j.coi.2025.102630.

100. Straub, R.H. The memory of the fatty acid system. Progress in Lipid Research 2020, 79, 101049. https:
//doi.org/10.1016/j.plipres.2020.101049.

101. Donato, L.; Mordà, D.; Scimone, C.; Alibrandi, S.; D’Angelo, R.; Sidoti, A. From powerhouse to regulator:
The role of mitoepigenetics in mitochondrion-related cellular functions and human diseases. Free Radical
Biology and Medicine 2024, 218, 105–119. https://doi.org/10.1016/j.freeradbiomed.2024.03.025.

102. Zhang, C.; Meng, Y.; Han, J. Emerging roles of mitochondrial functions and epigenetic changes in the
modulation of stem cell fate. Cellular and Molecular Life Sciences 2024, 81. https://doi.org/10.1007/s00018-0
23-05070-6.

103. Kumar, A.; Choudhary, A.; Munshi, A. Epigenetic reprogramming of mtDNA and its etiology in mitochon-
drial diseases. Journal of Physiology and Biochemistry 2024, 80, 727–741. https://doi.org/10.1007/s13105-024
-01032-z.

104. Cao, K.; Feng, Z.; Gao, F.; Zang, W.; Liu, J. Mitoepigenetics: An intriguing regulatory layer in aging and
metabolic-related diseases. Free Radical Biology and Medicine 2021, 177, 337–346. https://doi.org/10.1016/j.
freeradbiomed.2021.10.031.

105. Henikoff, S. The epigenetic landscape: An evolving concept. Frontiers in Epigenetics and Epigenomics 2023, 1.
https://doi.org/10.3389/freae.2023.1176449.

106. Bredesen, D.E. Reversal of cognitive decline: A novel therapeutic program. Aging 2014, 6, 707–717.
https://doi.org/10.18632/aging.100690.

107. Athinarayanan, S.J.; Adams, R.N.; Hallberg, S.J.; McKenzie, A.L.; Bhanpuri, N.H.; Campbell, W.W.; Volek,
J.S.; Phinney, S.D.; McCarter, J.P. Long-Term Effects of a Novel Continuous Remote Care Intervention
Including Nutritional Ketosis for the Management of Type 2 Diabetes: A 2-Year Non-randomized Clinical
Trial. Frontiers in Endocrinology 2019, 10. https://doi.org/10.3389/fendo.2019.00348.

108. Ornish, D.; Magbanua, M.J.M.; Weidner, G.; Weinberg, V.; Kemp, C.; Green, C.; Mattie, M.D.; Marlin,
R.; Simko, J.; Shinohara, K.; et al. Changes in prostate gene expression in men undergoing an intensive
nutrition and lifestyle intervention. Proceedings of the National Academy of Sciences 2008, 105, 8369–8374.
https://doi.org/10.1073/pnas.0803080105.

109. Bisht, B.; Darling, W.G.; Grossmann, R.E.; Shivapour, E.T.; Lutgendorf, S.K.; Snetselaar, L.G.; Hall, M.J.;
Zimmerman, M.B.; Wahls, T.L. A Multimodal Intervention for Patients with Secondary Progressive Multiple

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.1016/j.neubiorev.2022.104907
https://doi.org/10.1016/j.neubiorev.2022.104907
https://doi.org/10.1038/s42003-023-05376-y
https://doi.org/10.1016/j.ijpsycho.2008.03.014
https://doi.org/10.1016/j.neubiorev.2009.12.011
https://doi.org/10.1016/j.neubiorev.2009.12.011
https://doi.org/10.1007/978-3-642-27913-3_8
https://doi.org/10.1101/lm.026575.112
https://doi.org/10.1152/ajpcell.00201.2022
https://doi.org/10.1152/ajpcell.00201.2022
https://doi.org/10.1093/jleuko/qiaf037
https://doi.org/10.1016/j.immuni.2020.10.011
https://doi.org/10.1016/j.immuni.2020.10.011
https://doi.org/10.1016/j.coi.2025.102630
https://doi.org/10.1016/j.plipres.2020.101049
https://doi.org/10.1016/j.plipres.2020.101049
https://doi.org/10.1016/j.freeradbiomed.2024.03.025
https://doi.org/10.1007/s00018-023-05070-6
https://doi.org/10.1007/s00018-023-05070-6
https://doi.org/10.1007/s13105-024-01032-z
https://doi.org/10.1007/s13105-024-01032-z
https://doi.org/10.1016/j.freeradbiomed.2021.10.031
https://doi.org/10.1016/j.freeradbiomed.2021.10.031
https://doi.org/10.3389/freae.2023.1176449
https://doi.org/10.18632/aging.100690
https://doi.org/10.3389/fendo.2019.00348
https://doi.org/10.1073/pnas.0803080105
https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


46 of 47

Sclerosis: Feasibility and Effect on Fatigue. The Journal of Alternative and Complementary Medicine 2014,
20, 347–355. https://doi.org/10.1089/acm.2013.0188.

110. Miller, V.J.; Villamena, F.A.; Volek, J.S. Nutritional Ketosis and Mitohormesis: Potential Implications
for Mitochondrial Function and Human Health. Journal of Nutrition and Metabolism 2018, 2018, 1–27.
https://doi.org/10.1155/2018/5157645.

111. Effinger, D.; Hirschberger, S.; Yoncheva, P.; Schmid, A.; Heine, T.; Newels, P.; Schütz, B.; Meng, C.; Gigl, M.;
Kleigrewe, K.; et al. A ketogenic diet substantially reshapes the human metabolome. Clinical Nutrition 2023,
42, 1202–1212. https://doi.org/10.1016/j.clnu.2023.04.027.

112. Bandura, A. Self-Efficacy: The Exercise of Control; W. H. Freeman: New York, 1997.
113. Sheeran, P.; Webb, T.L. The Intention–Behavior Gap. Social and Personality Psychology Compass 2016,

10, 503–518. https://doi.org/10.1111/spc3.12265.
114. Ng, J.Y.Y.; Ntoumanis, N.; Thøgersen-Ntoumani, C.; Deci, E.L.; Ryan, R.M.; Duda, J.L.; Williams, G.C.

Self-determination theory applied to health contexts: A meta-analysis. Health Psychology Review 2012, 6, 1–33.
https://doi.org/10.1080/17437199.2011.595805.

115. Deci, E.L.; Ryan, R.M. The "What" and "Why" of Goal Pursuits: Human Needs and the Self-Determination of
Behavior; Vol. 11, 2000; pp. 227–268. https://doi.org/10.1207/S15327965PLI1104_01.

116. Murayama, K.; Kühn, S. Neural basis of intrinsic motivation: Dopamine and learning. Psychological Review
2020, 127, 944–965. https://doi.org/10.1037/rev0000185.

117. Eriksson, M.; Lindström, B. Antonovsky’s sense of coherence scale and the relation with health: a systematic
review. Journal of Epidemiology and Community Health 2006, 60, 376–381. https://doi.org/10.1136/jech.2005.0
41616.

118. Mayer, C.H.; Krause, C. Sense of coherence, resilience, and mental health in times of COVID-19 pandemic.
Frontiers in Psychology 2021, 12, 713911. https://doi.org/10.3389/fpsyg.2021.713911.

119. Hebb, D.O. The Organization of Behavior: A Neuropsychological Theory; Wiley: New York, 1949.
120. Lally, P.; van Jaarsveld, C.H.M.; Potts, H.W.W.; Wardle, J. How are habits formed: Modelling habit formation

in the real world. European Journal of Social Psychology 2010, 40, 998–1009. https://doi.org/10.1002/ejsp.674.
121. Horvath, A.O.; Symonds, B.D. Relation between working alliance and outcome in psychotherapy: A meta-

analysis. Journal of Consulting and Clinical Psychology 1991, 59, 221–228. https://doi.org/10.1037/0022-006X.
59.2.221.

122. Cozolino, L. Why Therapy Works: Using Our Minds to Change Our Brains; W. W. Norton & Company: New
York, 2018.

123. Patel, M.S.; et al.. Effect of gamification, incentives, and social support on physical activity: a randomized
clinical trial. JAMA Network Open 2018, 1, e180523. https://doi.org/10.1001/jamanetworkopen.2018.0523.

124. Düzel, E.; Bunzeck, N.; Dolan, R.J.; Maguire, R.A.P.P. Functional imaging of the human dopaminergic
midbrain: link between novelty and reward processing. Trends in Cognitive Sciences 2009, 13, 270–277.
https://doi.org/10.1016/j.tics.2009.03.004.

125. Tamburo-Trevino, N., What Is Trauma-Informed Care (TIC)? In Trauma-Informed Approaches Among the Adult
Drug Court Setting; Springer Nature Switzerland, 2024; p. 21–28. https://doi.org/10.1007/978-3-031-72368-
1_4.

126. Oksman, E.; Linna, M.; Hörhammer, I.; Lammintakanen, J.; Talja, M. Cost-effectiveness analysis for a
tele-based health coaching program for chronic disease in primary care. BMC Health Services Research 2017,
17. https://doi.org/10.1186/s12913-017-2088-4.

127. Zhou, X.; Siegel, K.R.; Ng, B.P.; Jawanda, S.; Proia, K.K.; Zhang, X.; Albright, A.L.; Zhang, P. Cost-
effectiveness of Diabetes Prevention Interventions Targeting High-risk Individuals and Whole Populations:
A Systematic Review. Diabetes Care 2020, 43, 1593–1616. https://doi.org/10.2337/dci20-0018.

128. Tandan, M.; Dunlea, S.; Cullen, W.; Bury, G. Teamwork and its impact on chronic disease clinical outcomes
in primary care: a systematic review and meta-analysis. Public Health 2024, 229, 88–115. https://doi.org/10
.1016/j.puhe.2024.01.019.

129. Grob, R.; Darien, G.; Meyers, D. Why Physicians Should Trust in Patients. JAMA 2019, 321, 1347. https:
//doi.org/10.1001/jama.2019.1500.

130. Sullivan, M.D. Caring for patients with chronic illness: is respecting patient autonomy enough or must we
promote patient autonomy as well? Family Practice 2023, 41, 863–866. https://doi.org/10.1093/fampra/
cmad066.

131. Mannion, R.; Exworthy, M.; Wiig, S.; Braithwaite, J. The power of autonomy and resilience in healthcare
delivery. BMJ 2023, p. e073331. https://doi.org/10.1136/bmj-2022-073331.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.1089/acm.2013.0188
https://doi.org/10.1155/2018/5157645
https://doi.org/10.1016/j.clnu.2023.04.027
https://doi.org/10.1111/spc3.12265
https://doi.org/10.1080/17437199.2011.595805
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1037/rev0000185
https://doi.org/10.1136/jech.2005.041616
https://doi.org/10.1136/jech.2005.041616
https://doi.org/10.3389/fpsyg.2021.713911
https://doi.org/10.1002/ejsp.674
https://doi.org/10.1037/0022-006X.59.2.221
https://doi.org/10.1037/0022-006X.59.2.221
https://doi.org/10.1001/jamanetworkopen.2018.0523
https://doi.org/10.1016/j.tics.2009.03.004
https://doi.org/10.1007/978-3-031-72368-1_4
https://doi.org/10.1007/978-3-031-72368-1_4
https://doi.org/10.1186/s12913-017-2088-4
https://doi.org/10.2337/dci20-0018
https://doi.org/10.1016/j.puhe.2024.01.019
https://doi.org/10.1016/j.puhe.2024.01.019
https://doi.org/10.1001/jama.2019.1500
https://doi.org/10.1001/jama.2019.1500
https://doi.org/10.1093/fampra/cmad066
https://doi.org/10.1093/fampra/cmad066
https://doi.org/10.1136/bmj-2022-073331
https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/


47 of 47

132. Brekke, K.R.; Siciliani, L.; Straume, O.R. Competition, quality and integrated health care. Journal of Health
Economics 2024, 95, 102880. https://doi.org/10.1016/j.jhealeco.2024.102880.

133. de la Perrelle, L.; Radisic, G.; Cations, M.; Kaambwa, B.; Barbery, G.; Laver, K. Costs and economic
evaluations of Quality Improvement Collaboratives in healthcare: a systematic review. BMC Health Services
Research 2020, 20. https://doi.org/10.1186/s12913-020-4981-5.

134. Fernández-Ballesteros, R.; Sánchez-Izquierdo, M.; Olmos, R.; Huici, C.; Ribera Casado, J.M.; Cruz Jentoft, A.
Paternalism vs. Autonomy: Are They Alternative Types of Formal Care? Frontiers in Psychology 2019, 10.
https://doi.org/10.3389/fpsyg.2019.01460.

135. McNamara, A. Can We Measure Memes? Frontiers in Evolutionary Neuroscience 2011, 3. https://doi.org/10.3
389/fnevo.2011.00001.

136. Ermakov, D.; Ermakov, A. Memetic approach to cultural evolution. Biosystems 2021, 204, 104378. https:
//doi.org/10.1016/j.biosystems.2021.104378.

137. Traberg, C.S.; Roozenbeek, J.; van der Linden, S. Psychological Inoculation against Misinformation: Current
Evidence and Future Directions. The ANNALS of the American Academy of Political and Social Science 2022,
700, 136–151. https://doi.org/10.1177/00027162221087936.

138. Appel, R.E.; Roozenbeek, J.; Rayburn-Reeves, R.; Basol, M.; Corbin, J.; Compton, J.; van der Linden, S.
Psychological inoculation improves resilience to and reduces willingness to share vaccine misinformation.
Scientific Reports 2025, 15. https://doi.org/10.1038/s41598-025-09462-5.

139. Lu, C.; Hu, B.; Li, Q.; Bi, C.; Ju, X.D. Psychological Inoculation for Credibility Assessment, Sharing Intention,
and Discernment of Misinformation: Systematic Review and Meta-Analysis. Journal of Medical Internet
Research 2023, 25, e49255. https://doi.org/10.2196/49255.

140. Sun, H.; Li, J.; Cheng, Y.; Pan, X.; Shen, L.; Hua, W. Developing a framework for understanding health
information behavior change from avoidance to acquisition: a grounded theory exploration. BMC Public
Health 2022, 22. https://doi.org/10.1186/s12889-022-13522-0.

141. Immordino-Yang, M.H.; Damasio, A. We Feel, Therefore We Learn: The Relevance of Affective and Social
Neuroscience to Education. Mind, Brain, and Education 2007, 1, 3–10. https://doi.org/10.1111/j.1751-228x.20
07.00004.x.

142. Barsalou, L.W. Grounded Cognition. Annual Review of Psychology 2008, 59, 617–645. https://doi.org/10.114
6/annurev.psych.59.103006.093639.

143. Trento, M.; Passera, P.; Bajardi, M.; Tomalino, M.; Grassi, G.; Borgo, E.; Donnola, C.; Cavallo, F.; Bondonio, P.;
Porta, M. Lifestyle intervention by group care prevents deterioration of Type II diabetes: a 4-year randomized
controlled clinical trial. Diabetologia 2002, 45, 1231–1239. https://doi.org/10.1007/s00125-002-0904-8.

144. Varney, J.E.; Liew, D.; Weiland, T.J.; Inder, W.J.; Jelinek, G.A. The cost-effectiveness of hospital-based
telephone coaching for people with type 2 diabetes: a 10 year modelling analysis. BMC Health Services
Research 2016, 16. https://doi.org/10.1186/s12913-016-1645-6.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2117.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.1016/j.jhealeco.2024.102880
https://doi.org/10.1186/s12913-020-4981-5
https://doi.org/10.3389/fpsyg.2019.01460
https://doi.org/10.3389/fnevo.2011.00001
https://doi.org/10.3389/fnevo.2011.00001
https://doi.org/10.1016/j.biosystems.2021.104378
https://doi.org/10.1016/j.biosystems.2021.104378
https://doi.org/10.1177/00027162221087936
https://doi.org/10.1038/s41598-025-09462-5
https://doi.org/10.2196/49255
https://doi.org/10.1186/s12889-022-13522-0
https://doi.org/10.1111/j.1751-228x.2007.00004.x
https://doi.org/10.1111/j.1751-228x.2007.00004.x
https://doi.org/10.1146/annurev.psych.59.103006.093639
https://doi.org/10.1146/annurev.psych.59.103006.093639
https://doi.org/10.1007/s00125-002-0904-8
https://doi.org/10.1186/s12913-016-1645-6
https://doi.org/10.20944/preprints202510.2117.v1
http://creativecommons.org/licenses/by/4.0/

