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/Abstract \

Extension of life and health span is a cornerstone of modern scientific research. This paper explores the Chaos to
Creation (CTC) formula, proposed in Dr Gordon Slater’s book Chaos to Creation, as a theoretical framework for
understanding the variables that may moderate health span, drawing inspiration from Newton's second law and
Einstein's mass-energy equation. Regenerative strategies across five organisms are compared and evaluated for their
translational relevance to human biology, suggesting that meaningful extension of human health span may require a
combinatorial approach. Future directions for this framework include the quantification of each variable empirically
through the isolation of relevant biomarkers and the application of this framework to create testable hypotheses of
health span.
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Introduction

Delaying death
In 1800, the global average life expectancy was about 30 years, and in the early 2000s it became 66.6

years, with an average yearly life expectancy gain of 0.19 years per year. Gains in life expectancy began in
the 1890s in Western Europe, the United States and Australia. Many factors, including the introduction of

Review Article | Slater G, et al. J Stem Cell Res. 2026, 7(2)-89
DOI: https://doi.org/10.52793/JSCR.2026.7(2)-89



https://doi.org/10.52793/JSCR.2026.7(2)-89

sanitation and clean water and waste disposal systems are credited with these original changes [1,2]. In
most other countries, 'health transitions' began around 1920 with a further sharp jump in the late 1940s
due to the introduction of antibiotics and modern vaccines [2]. Now, life expectancy sits above 80 in many
parts of the world as the approach to conditions such as infectious diseases, cardiovascular conditions
and cancer improves.

However, as lifespan increases, so does the length of time that many individuals experience chronic
disease or disability such as osteoarthritis or Alzheimer's disease [3,4]. Unfortunately, an expansion of
lifespan in many individuals has not led to an extension of health span, and this widening period of chronic
disease and functional decline has led to a reduced quality of life and increased healthcare expenditure.

If life expectancy continues to increase at such a rate, interventions to address the causes of these chronic
diseases and disability are essential to ensure that people can live longer and healthier lives [4]. To do so,
drivers of aging must be further understood so that health can be prolonged in a sustained and effective
manner. If therapeutic agents or protocols can be isolated to target, and even reverse, aging, many of
these illnesses could be eliminated [3].

But first, the parameters must be defined. Is extending lifespan the ultimate goal? Or is it more valuable
to compress morbidity; to live the same number of years, but in better health for longer? And if health
span can be significantly extended, is there an ideal way to do so?

The hallmarks of aging
The key domains of aging research, known as the Hallmarks of Aging, include genomic instability, telomere

attrition, epigenetic alterations, loss of proteostasis, deregulated nutrient sensing, mitochondrial
dysfunction, cellular senescence, stem cell exhaustion and altered intercellular communication [5]. Many
of these hallmarks are related to the repeated division of cells, each replication cycle introduces
opportunities for mutation accumulation, telomere shortening, epigenetic drift, and eventual exhaustion
of stem cell pools [5]. In this sense, the mechanism by which organisms grow, repair and sustain
themselves also drives their progressive decline, a tension that any therapeutic strategy targeting aging
must address.

Genomic instability is the first hallmark, as DNA can be damaged by endogenous factors such as replication
errors in addition to exogenous factors like environmental toxins and UV radiation [6]. Telomere attrition
is another hallmark, where telomeres, which regulate genomic instability by acting as protective caps at
the end of chromosomes, become shorter after cell division [7,5]. Without this protection, the odds of
mutation increase, often leading to tumorigenesis [7]. Next, epigenetic alterations including modification
of histones post-translation, remodelling of chromatin, and DNA methylation changes can occur. Internal
and external factors can express or inhibit genes and, as aging occurs, more harmful genes can be
expressed and genes that protect from harmful pathways may be silenced [5].

A loss of proteostasis is another hallmark of aging, with research suggesting that an increase in age-related
protein formation changes such as repeated expression of misfolded, aggregated or unfolded proteins
has been linked with age-related illnesses such as Parkinson's and Alzheimer's disease [5]. Deregulated
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nutrient sensing, altering the functions of growth hormone and insulin-like growth factor (IGF-1), has also
been linked with longevity, with many studies demonstrating that dietary restriction can increase health
span in many species [5,8].

The sixth hallmark of aging, mitochondrial dysfunction, is commonly characterised by reduced generation
of ATP and increased electron leakage, due to a reduction in the efficiency of the respiratory chain. This
can also lead to an increase in reactive oxygen species (ROS) production, which exacerbates mitochondrial
deterioration and cellular damage globally [5].

Similarly, cellular senescence, which is an arrest of cell division that works to avoid the development of
malignant cells or apoptosis, has been linked to aging and a reduction in health span. This is because
continued activation of this pathway can also contribute to tumorigenesis and other pathological
conditions [9]. Therefore, the accumulation of senescent cells is another key hallmark of aging [5]. Stem
cell exhaustion, or a decline in the regenerative capacity of tissues, is another well-known hallmark [5].
Finally, altered intercellular communication and signalling can reduce immunosurveillance against
premalignant cells and increase inflammatory reactions, which are common age-related characteristics

[5].

These hallmarks of aging are interconnected and interdependent, making aging a complex and
multifactorial process that is difficult to target through existing therapeutic strategies. However, these
hallmarks can be targeted before they begin to express themselves in physical forms of aging, this may
permit the extension of the health span, and subsequently, lifespan.

Mathematical modelling in physics and biology
Mathematical modelling has been used to make sense of countless phenomena in disciplines such as

physics, chemistry and biology. A prime example of this is Newton's laws of motion, which include three
laws outlining how an object's motion is related to the forces that act upon it. Newton's second law of
physics, f = ma, introduces three key variables: force = f, mass = m, and acceleration = a [10]. This equation
demonstrates how constant force does not equate to constant speed and how mass directly opposes the
acceleration of an object [11]. These principles have been applied in other disciplines such as biology. For
example, Stokes flow equations provide a system for conducting fluid dynamic calculations, and Laplace
tension equations borrow Newtonian principles and apply them to cell membranes [12,13].

Inertial principles have also been used to characterise biological states, with Soto et al [14]. referencing
Galileo's analysis of inertial movement to propose a default biological state of cell proliferation. Soto
argued that because many experiments have created conditions that closely mirror unrestricted
proliferation of cells, proliferation, variation and motility should be perceived as their default state. If this
were true, then only departures from this default state would need to be investigated, simplifying cell
research [14]. This was likened to inertial theories, as accepting inertia as a principle means that
researchers do not have to explain 'uniform rectilinear motion' but rather cases where it does not occur
due to forces such as gravity or friction [15,14]. Therefore, when quantifying the Life Force of an individual,
is there a peak life and health span much longer than currently observed in humans? Should chronic
degeneration and death be investigated as departures from the default?
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Another equation integral to mathematics and physics is Einstein's famous equation, E = mc?, where e =
energy, m = mass and the ¢ = speed of light. This equation equates mass and energy, with c? acting as a
proportionality constant between the two, demonstrating how a small amount of mass can be converted
into enormous amounts of energy [16]. This equation can be related to many biological processes
including bioenergetic mechanisms, which maintain cellular homeostasis. Food or other sources of energy
act as mass, which is converted into energy (e.g. ATP molecules), sustaining many vital functions such as
metabolic processes and cellular respiration [17].

Mathematical Modelling of Life Force

Like other biological processes, mathematical modelling can be used in regenerative medicine to predict
the behaviour of senescent cells and other hallmarks of aging as well as how various regenerative
strategies could be used to target them. However, one of the main challenges is to identify where
mathematical modelling can provide the most benefits and to determine how to operationalise variables
related to regeneration and aging [18].

This paper will discuss the application of the Chaos to Creation formula, introduced in Dr Gordon Slater’s
book Chaos to Creation, as a novel characterisation of the aging process. The variables within these

equations include predicted total Life Force (LF) in years, Vectergy - the total directed biological energy

—

available for reversal (E) in Joules (J), Annual Regenerative and Degenerative capacity (R) and (D) per year,
Biological Inertia; total accumulated energy barrier (I), and Stem Addition; direct longevity bonuses from
all advanced therapies in years (Table 1) [6].

R
I

4>
Ly (years)= E ( )+SAddition

Figure 1: Life Force Equation.

This model is mechanistic and continuous, with smooth variables that vary fluidly over time, rather than
those representing individual cells and interactions [18]. If successfully defined, it could be used to
clinically optimise regenerative therapy by understanding the trade-offs between degeneration and
regeneration to enhance and extend health span and longevity.

Understanding life force

A simplistic understanding of Life Force (LF) would be that it peaks at conception and cellular creation, as
it represents the maximum potential for someone to live another year. It begins to gradually decline as
the hallmarks of ageing begin to accumulate and age-related diseases begin to express themselves, such
as arthritis and osteoporosis [19]. Finally, at death, Life Force could be thought to approach 0 or become
negative, representing the system’s inability to counteract the Biological Inertia and Degenerative Rate
that has progressively increased over multiple decades.

However, this definition is complicated by alternative scenarios, for example, the Hela cell line. The Hela
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cell line, derived from a cancerous cervical tumour, taken without consent from Henrietta Lacks, illustrates
this complication vividly; whilst Henrietta passed away from cancer in the 1950s, these cells continue to
proliferate in laboratories today, contributing to the development of the polio vaccine and advancing
understanding of cancer, radiation biology, and viral pathogenesis [20]. If Life Force is equated with
biological vitality alone, the Hela line never reached zero, persisting decades beyond Henrietta’s death.
This paradox suggests that a binary conception of Life Force as present until death, is insufficient. Instead,
Life Force must be understood as a dynamic and distributed property, one that does not simply switch off
at death but may persist or transform in response to shifts in biological states.

To define Life Force, it can be examined at its theoretical boundaries. At birth, an organism enters the
world with maximal regenerative potential: stem cell populations are abundant, telomere length is at its
greatest, and inflammation is minimal [5]. However, the Australian Institute of Health and Welfare
recorded the lowest number of deaths in the 5-9 age cohort (111 deaths) and the second lowest in the
10-14 cohort (121 deaths) across 2024, suggesting that biological resilience peaks in early to mid-
childhood rather than immediately at birth, before a gradual decline begins [21].

Life Force, understood at these extremes, appears like a gradient, ascending steeply in early development,
plateauing across the prime years, and declining as Regenerative Capacity is outpaced by the
accumulation of various hallmarks of aging. Acute illness, injury, psychological stress, or therapeutic
intervention may accelerate or temporarily reverse the curve at any point. Similarly, whilst time is treated
as a constant within this framework, progressing uniformly for all individuals, the rate at which biological
aging tracks against chronological age varies considerably between individuals. Life Force, in this sense, is
less a clock than a cumulative biological state, and it is that state, rather than years elapsed, that the CTC
formula seeks to capture.

Given these complexities, this paper proposes a pivot from Life Force as an analogue to lifespan, towards
Life Force as a measure of health span: the duration and quality of life characterised by functional
integrity, regenerative capacity, and freedom from chronic disease. This reframing is supported by
evidence in connective tissue biology, where the progressive degradation of articular cartilage can
compress health span well before mortality [22]. Comparative biology reinforces this argument, species
such as the naked mole rat and the Greenland shark maintain exceptional health span relative to their
lifespans through mechanisms including superior DNA repair, resistance to oxidative stress, and sustained
proteostasis.

The central question this paper therefore addresses is not just how many years an organism lives, but how
robustly it lives them, and what biological strategies, preserve or restore their vitality.

Vectergy, regenerative capacity, degenerative rate, biological inertia and stem addition

—

Parallels can be seen with Newton's second law, where Vectergy (Ej acting as the driving force behind
life. Vectergy allows the acknowledgement that a cell can have large amounts of energy but not exhibit a
regenerative direction (such as in cancer cell proliferation), or it could have directional signals but lack
sufficient energy (such as in senescent cell accumulation). The expression of Vectergy as a vector

Review Article | Slater G, et al. J Stem Cell Res. 2026, 7(2)-89
DOI: https://doi.org/10.52793/JSCR.2026.7(2)-89



https://doi.org/10.52793/JSCR.2026.7(2)-89

emphasises the importance of both abundant energy and the correct directional signals to amplify health
and lifespan.

The net regenerative term R — D acts as the 'mass-like' regenerative substrate, ready to be translated in
either direction. It reflects the current state of the biological field; when Degenerative Rate exceeds
Regenerative Capacity, this ratio falls, meaning that even sufficient mass cannot generate the Life Force
required to accelerate it. Stem cells are a component of Regenerative Capacity could be seen to mirror
the speed of light in Einstein's equation, acting as a high-impact converter used to unlock enormous
amounts of regenerative 'energy'. However, declining stem cell density and function, as seen in conditions
like osteoarthritis, has the opposite effect, leading to accelerated degeneration. This relationship may
explain why stem cell therapies can achieve a much larger effect in 'low-inertia conditions' such as acute
injuries, when compared to 'high-inertia conditions' seen in chronic degeneration [23].

Biological Inertia similarly moderates the 'mass’, resisting the force enacted by Vectergy. It is important
as it helps to acknowledge the reduction in regenerative potential as the aging process continues,

normalising the net regenerative term. Stem Addition (Sﬂddffm”) provides a boost to life, amplifying the
rate of regenerative change. Stem Addition is achieved through regenerative therapies including stem cell
therapy, hyperbaric oxygen therapy and targeted anti-inflammatory strategies, and does not refer to
endogenous stem cells, as they are included in the Regenerative Capacity variable.

The Chaos to Creation Equation draws structural inspiration from foundational equations in physics,
treating biological aging as a dynamic system governed by force-like and inertial principles. Just as
Newton's second law describes how a force applied to a resistant mass produces acceleration, the Life
Force Equation describes how directed biological energy, Vectergy, acts on the body's regenerative term
against the resistance of Biological Inertia. This could explain why two individuals with equivalent energy
reserves can exhibit vastly different functional capacity: the one burdened by greater accumulated
Biological Inertia perhaps due to toxin accumulation and cellular senescence, must expend far more
Vectergy to achieve the same Life Force. Similarly, Einstein's equation captures the principle that stored
energy can be converted into enormous functional output, a principle echoed in the disproportionate
regenerative impact of stem cell therapies when Biological Inertia is low. Vectergy unifies these ideas,
representing not merely the quantity of available biological energy, but the degree to which it can be
directed toward regeneration. When Degenerative Rate exceeds Regenerative Capacity, or when
Biological Inertia accumulates unchecked, this direction is progressively lost and Life Force approaches
zero.

CTC Formula in Various Organisms

Hydra

Animal life is commonly considered as a straight unidirectional line, beginning at embryological
development and passing through maturation, reproduction, senescence and death [24]. Distinctions
between animals and plants have often included the pluripotency and self-renewal capacity retained by
most plants [25]. However, in some animals, particularly those in the Cnidaria phylum, the lines between
development and regeneration are blurred, as demonstrated in Trembley's pivotal experiments, where a
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bisected Hydra polyp was shown to generate two new animals [27]. Further research has demonstrated
that a piece of Hydra tissue consisting of more than 300 cells can become a new animal through
morphallaxis, where the cells alter their morphology to construct an entirely new being [24]. Even after
Hydra cells are suspended and centrifuged, they have been shown to reaggregate into polyps [28].

Due to these discoveries, Hydra stem cells have been extensively studied. Researchers have found that
these cells have continuous and lifelong proliferation. Whilst the underlying mechanism s still not
completely understood, a link between capacity for self-renewal and cell cycle length has been established
[25]. Unlike most animals, this regenerative capacity is not limited to individual organs or tissues [26]. This
capacity is akin to plants, which contain meristems consisting of undifferentiated cells that can be used
for leaf regeneration [29].

In the context of the CTC formula, Regenerative Capacity can be seen as 'unbounded' for the Hydra, as
there is no observed endpoint where it declines, if metabolic constraints such as energy, food and space
do not exist. The inverse relationship between stem cell function and Biological Inertia can be clearly
illustrated through comparison of the Hydra and humans.

This supports recent research into age-related declines in mesenchymal stem cells in humans, which have
been shown to have a strong relationship with the prevalence of degenerative diseases such as cancer,
osteoarthritis and cardiovascular disease [30]. This explains why exogenous stem cell therapies perform
better when treating acute injuries rather than chronic conditions, where accumulated resistance
gradually limits their therapeutic abilities [23]. It also raises the possibility that strategies using stem cells
could represent a particularly potent method for health span extension.

The Hydra’s regenerative strategy does not merely extend duration, it shows no evidence of functional
decline preceding death, suggesting that its Life Force is sustained at a consistently high level rather than
simply prolonged in a diminished state [31]. Its perpetually replenished stem cell population ensures that
Biological Inertia never meaningfully accumulates, forestalling the inertial resistance that, in other
organisms, accumulates irreversibly over time. Within the health span framing of this paper, the Hydra
represents a system in which health span and lifespan are effectively the same.

Whale
Whilst the Hydra is a prime example of how biological systems can achieve near-infinite Life Force with

through a high Regenerative Capacity and reduced Biological Inertia, it has a simple morphology, lacks
organs and is separated from humans by approximately 600 million years of evolution [25]. Whales, whilst
distinctly physically different to humans, are mammals, sharing numerous physiological and anatomical
characteristics including a four-chambered heart, a similar bone composition, and homologous brain
structures associated with social and emotional cognition [32,33]. As placental mammals, whales also
share reproductive similarities with humans, including gestation, live birth, and lactation [34].

It is commonly assumed that more cells equate to a higher chance of cancer due to more opportunities
for mutation to accumulate, given that all cells have an equal probability of developing mutations [35].
This was explored by Calabrese & Shibata in 2010, where the probability of colon cancer was expressed
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in an algebraic equation:
p=1-(1-(1-(1-u)d)k)Nm

Where d = number of divisions, Nm = number of stem cells, k = number of "critical rate-limiting pathway
driver mutations", u = mutation rate.

This equation demonstrates how increases in cancer prevalence with age can be caused by generally
normal rates of division and mutation [36]. This concept is also referred to as the ‘perils of division’,
referenced throughout the Chaos to Creation book, as every cell division provides multiple opportunities
for error, for example through the accumulation of mutations, telomere attrition, epigenetic drift and
mitotic errors [5,6].

However, according to this equation, all blue whales should have colorectal cancer by the age of 80, which
is improbable considering some blue whales have a lifespan of longer than 100 years. This indicates that
there are distinct differences in the development and progression of cancer in larger animals when
compared to humans. This absence of a correlation between longevity, body size and cancer is commonly
known as Peto's paradox [35,37].

Recent research has also uncovered an inverse relationship between lifespan and somatic mutation rates,
which is supported by studies reporting a higher DNA repair capacity in animals with longer lifespans such
as bowhead whales [38,39]. Research conducted by Tejada-Martinez et al. (2021) also demonstrated that
the tumour suppressor gene turnover rate in cetaceans was more than two times higher than in other
mammals. Larger organisms also have characteristics that may confer tumour suppression abilities,
including decreased ROS production due to their reduced basal metabolic rate [35].

However, some studies argue that no such paradox exists and that larger animals exhibit a greater cancer
prevalence than smaller ones [40]. Further research must be conducted to understand the connection
between body size, lifespan and cancer susceptibility, to perhaps harness the cancer suppression
mechanisms seemingly conferred by some animals.

Parallels to the longevity of the blue whale can also be drawn with the CTC formula. The blue whale sits
almost at the opposite end of the spectrum to the Hydra, as the largest known animal with a lifespan of
more than 100 years, indicating a large Biological Inertia to overcome and a moderate Regenerative
Capacity [41]. The blue whale also has a low metabolic rate and a gradual rate of degeneration over time,
resulting in a low overall net regenerative mass [35]. However, the large Vectergy stemming from its
enormous energy throughput, for example, consuming up to 16 tonnes of krill a day, could be seen as the
driving factor, or acceleration, for the longevity of the blue whale [42]. Within the CTC formula, this
sustained energetic input could be interpreted as compensating for the blue whale's high Biological
Inertia, maintaining a Life Force sufficient for a century-long lifespan.

Greenland shark
The Greenland shark is the longest-living vertebrate known, with lifespan estimates exceeding 400 years
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based on radiocarbon dating of eye lens proteins [43]. This extreme longevity is thought to be supported
by several interrelated biological traits, including an exceptionally slow metabolism, cold-adapted
physiology, and strong cellular maintenance mechanisms. Living in extremely cold waters, the Greenland
shark’s metabolic rate is among the lowest recorded for any vertebrate, with an average of less than one
centimetre of growth a year and delayed reproductive maturity, often reached only after 150 years
[44,43,45].

It is thought that the Greenland shark’s low body temperature and slow metabolism may reduce the
accumulation of somatic mutations, oxidative stress, and protein misfolding, all of which contribute to
aging and cancer susceptibility. Genomic and proteomic studies have revealed that the Greenland shark
possesses adaptations related to protein stability, DNA repair, tumour suppression, and oxidative stress
tolerance, suggesting a molecular basis for its resistance to aging and disease [46,47]. Lens proteins are
metabolically inert after embryonic formation, receiving no turnover or replacement throughout life. This
means that their structural integrity over four centuries provides empirical evidence of the shark's protein
stability mechanisms, beyond their utility as a dating tool [43]. This is because, in most vertebrates,
proteins often accumulate damage, crosslinks, and aggregation that contribute to tissue dysfunction [5].
The mechanisms underpinning the Greenland shark's longevity appear to preserve functional capacity
across centuries rather than simply extending a period of senescence. Protein stability, reduced oxidative
damage, and sustained tumour suppression suggest that degeneration is maintained at a low level,
leading to an extended Life Force as well as lifespan.

Within a Life Force framework, the Greenland shark represents a distinct longevity strategy alongside the
Hydra’s enhanced Regenerative Capacity. It leverages its Biological Inertia, which is considered a liability
in other organisms, to its advantage. At near-freezing temperatures, enzymatic reaction rates are
substantially reduced, slowing the accumulation of somatic mutations, oxidative damage, and protein
misfolding at a rate that outpaces equivalent mechanisms in warmer-bodied vertebrates [44,46].

Furthermore, the delay in reproductive maturity reflects an evolutionary prioritisation of somatic
maintenance over reproduction, representing one of the most extreme demonstrations of Kirkwood's
disposable soma theory [48,43]. This theory posits that longevity is often the product of a compromise
between reproductive investment and somatic maintenance [48]. The result is a system where Vectergy
demands are extraordinarily low, Degenerative Rate approaches near zero, and Regenerative Capacity,
while not extraordinarily high, remains steady over centuries.

Tortoise

Giant tortoises are the longest living land vertebrates, which paradoxically exhibit little evidence of age-
related decline [49,50]. Gene sequencing has revealed that turtles have genomic changes that may elevate
immunosurveillance of pre-malignant cells and protect against hallmarks of aging such as genomic
instability, telomere attrition, and mitochondrial dysfunction [50]. Tortoises also continue growing after
they reach reproductive maturity, which may help them to avoid the accumulation of senescent cells [49].
Many studies have also linked the slow metabolic rates in tortoises to their increased longevity due to a
reduction in cell damage [51].
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Approximately 80% of tortoises and turtles exhibit aging rates slower than humans [49]. The extreme
biological efficiency of tortoises appears to be the driving factor behind their extended health span and
longevity. Whilst they only have a moderate Regenerative Capacity, reduced stem cell exhaustion and
senescence may contribute to a larger Life Force. This means that whilst the Hydra's regenerative strategy
could be seen as overwhelming the system with a high Regenerative Capacity despite a high metabolic
cost, the tortoise maintains its life and health span by minimising subtraction through near-zero
degeneration, with an extremely low metabolic cost, leading to a long-lasting, elevated Life Force.

Naked mole rat
The naked mole rat is another commonly studied animal due to its lifespan of 37 years, more than eight

times the lifespan of mice of a similar size [52]. It has been described as a non-aging animal, with the
reasons behind its eventual death currently unknown. Age-related physiological declines such as
menopause, reductions in cardiac function, bone quality and metabolism have not been reported in the
naked mole rat. Additionally, research has suggested that age-related mortality does not increase with
age [53].

Research into the biological mechanisms of this longevity has indicated that the naked mole rat has an
elevated capacity to address oxidative stress exerted on mitochondria and the resultant cellular
senescence [54]. Other studies have also demonstrated their resistance to tumorigenesis and retention
of genomic stability with age in comparison to other rodents with shorter lifespans [55]. In 2023,
researchers modestly improved the healthspan of mice by transferring a gene abundant in the naked mole
rat, high-molecular-mass hyaluronic acid (HMM-HA) [56]. The researchers observed a reduction in
inflammation through multiple pathways, including increasing oxidative stress protection and improving
gut barrier function [56]. These findings suggest that regenerative strategies from other animals can be
harnessed to improve Life Force.

This research suggests that a reduced Degenerative Rate and Biological Inertia in the naked mole rat play
a key role in its elevated Life Force. This is achieved by actively combating degeneration rather than
minimising it through a reduced metabolic cost. It fights degeneration through its elevated ability to
manage oxidative stress, cancer resistance and robust DNA repair and maintenance. Of all the organisms
examined in this paper, the naked mole rat provides the most direct evidence for health span extension
independent of lifespan. The absence of age-related physiological decline across its 37-year lifespan
suggests that its damage interception mechanisms preserve functional integrity rather than just delaying
death.

This strategy varies from that of the Greenland shark who achieves Life Force extension by reducing the
rate at which damage occurs rather than having superior mechanisms to fight it. These represent two
fundamentally distinct biological solutions to the same problem of cumulative cellular damage, and their
comparison may offer complementary insights for longevity research.

Humans
As humans age, they become more vulnerable to degeneration and less effective at healing [29]. The
regenerative capacity of humans is highly specific; for example, whilst humans generally cannot
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regenerate limbs that have been severed, they do have the capacity to regenerate liver, blood and skin
[29]. Additionally, research has demonstrated the regenerative capacity of the fingertip in children under
the age of eleven, however, this capacity has not successfully been understood or replicated in non-
regenerative parts of the body [57,58]. Similarly, infrequent instances of complete regeneration have also
been noted in adults [59].

Biological Inertia and Degenerative Rate increase with age, whilst Regenerative Capacity and Vectergy
decrease, leading to a constantly diminishing Life Force. However, these processes are not linear, which
is represented by the relationship between the variables in The Chaos to Creation formula.

When compared to the organisms discussed above, the human regenerative profile is characterised by a
moderate Degenerative Rate, high Biological Inertia, and a moderate but rapidly declining Regenerative
Capacity. Unlike the Hydra, humans do not retain pluripotent stem cell populations capable of whole-
body regeneration throughout their lifespan; and unlike the tortoise or naked mole rat, humans do not
possess the metabolic or genomic stability to slow the accumulation of cellular damage over time [60,29].
Placental mammals as a group appear to have undergone a broad suppression of regenerative potential
during early development, with scarless tissue repair largely restricted to the foetal period in humans [61].
This suggests that regenerative potential may be latent rather than absent in adult human tissue, raising
the possibility that targeted reactivation of these pathways could restore some regenerative capacity [62].

This superior regenerative ability observed in infants is known as the foetal healing capacity, with studies
of the infant healing processes observing a reduction in inflammatory processes commonly found in adult
healing. Similarly, foetal inflammatory cells have also been found to be less differentiated, permitting
differentiation into specific cells required by the healing process when needed [63].

Humans therefore represent a unique challenge within the CTC formula: the high Biological Inertia of an
organism with complex organ systems, combined with a relatively short regenerative window. This means
that therapeutic leverage must be applied early and consistently to meaningfully shift the Life Force
trajectory. The comparative evidence from Hydra, tortoise, and naked mole rat suggests that no single
strategy is sufficient. Instead, a combined approach simultaneously boosting Vectergy, reducing
Degenerative Rate, and providing Stem Addition through various therapeutic strategies may be required
to produce meaningful extension of human health and lifespan [29].

Regenerative Strategies for Life and Health Span Extension

The Chaos to Creation formula provides a novel lens for regenerative medicine. Its structural and
conceptual similarities to fundamental scientific equations such as E = mc? and F = ma highlight the strong
theoretical basis of this framework. The equation treats biology as a dynamic system governed by force-
like and inertial principles, pushing the field further towards predictive, quantitative science.

Einstein's theory of relativity demonstrates that time is not a fixed constant but a malleable dimension,
capable of being altered by factors such as velocity and gravitational fields [64,65]. Examples of this can
be seen in the Hafele-Keating experiment, where atomic clocks flown on commercial aircraft measured
measurable differences in elapsed time compared to stationary clocks, confirming the velocity-based and
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gravitational time alterations predicted by relativity [66].If time can be altered by physical and
environmental factors, this invites a similar question for biological aging: might the rate at which
organisms age also be susceptible to manipulation by seemingly unrelated factors?

Evidence from this paper suggests this may already be occurring. The Greenland shark's thermal
environment, the naked mole rat's oxidative stress management, and the tortoise's metabolic
architecture each seem to decouple chronological age from biological age in ways conceptually similar to
relativistic effects on time [46,54,49]. This draws on relativity as a conceptual precedent rather than a
literal equivalence: that seemingly fixed biological processes may be manipulated when the right variables
are identified and targeted.

The diversity of regenerative responses across animals is moderated by a complex interaction of
metabolites, transcription factors, structures and signalling molecules [29]. Regenerative Capacity varies
greatly between animals, and long health and lifespans have been achieved by multiple organisms
harnessing varied regenerative strategies.

The organisms examined in this paper demonstrate that extended health and lifespan can be achieved
through multiple distinct biological strategies: optimal Regenerative Capacity, seen in the Hydra's
unbounded stem cell proliferation; passive degenerative minimisation, demonstrated in the tortoise's
metabolic suppression and the Greenland shark's thermodynamic constraint; and active damage
interception, as shown in the naked mole rat's molecular damage response systems.

Whilst the Hydra's strategy produces the highest theoretical Life Force by maximising Regenerative
Capacity, it is the least translatable to human biology given the fundamental suppression of pluripotent
regenerative capacity in placental mammals during early development [61]. The passive strategies of the
tortoise and Greenland shark, whilst effective, depend on ectothermic or cold-adapted physiologies
incompatible with human homeothermy. The naked mole rat's active interception strategy may represent
the most realistically translatable framework for human intervention, with damage suppression via
oxidative stress management, proteostasis maintenance, and tumour suppression offering clinical targets
[56,54].

As established, extension of human lifespan has not been matched by equivalent gains in health span,
with an expanding period of chronic disease and functional decline now documented across multiple
populations [4,67]. Within the CTC formula, this mismatch can be understood as a failure to sufficiently
reduce Degenerative Rate and Biological Inertia before they accumulate beyond a recoverable threshold.
Meaningful compression of morbidity may therefore require intervention well before the hallmarks of
aging become apparent, potentially through Stem Addition via hyperbaric oxygen therapy, anti-
inflammatory strategies and targeted stem cell therapies.

Identification and quantification of the variables that could extend health span is the primary objective of
this framework. Once accurately measured, it may become possible to isolate limiting factors and target
them to extend health span and potentially lifespan.
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Future Directions

Future directions include the quantification of each term empirically using biomarkers and validation
through longitudinal trials. Additionally, once each variable in The Chaos to Creation formula can be
measured, a synthetic model can be developed, that treatments aiming to extend health span can be
tested against. Comparative studies across different types of applications and clinical contexts will be
essential to determine the generalisability and translational potential of The Chaos to Creation
framework.

A critical next step is the identification and validation of biomarkers capable of quantifying each variable
in the CTC formula. Vectergy, as a measure of directed biological energy, may be approximated through
markers of mitochondrial efficiency such as NAD+/NADH ratios, ATP production rates, and measures of
oxidative phosphorylation capacity [68,69]. ROS levels and mitochondrial membrane potential could act
as inverse indicators, reflecting energy leakage reducing net Vectergy [5].

Regenerative Capacity and Degenerative Rate may be captured through complementary biomarkers.
Circulating mesenchymal stem cell counts, Ki67 expression as a marker of cell proliferation, and tissue-
specific growth factor concentrations (e.g. IGF-1, HGF) could indicate regenerative capacity [70,71].
Degenerative Rate may be measured through established senescence markers such as p16 and p21
expression, the senescence-associated secretory phenotype (SASP) cytokine elevation, and telomere
attrition rates [72,73].

Biological Inertia, representing the accumulated resistance to regenerative change, is perhaps the most
complex variable to measure directly. Epigenetic age clocks such as the Horvath clock, alongside measures
of genomic instability and DNA methylation entropy, may provide a composite proxy for the extent to
which a biological system has drifted from its regenerative default [74]. GrimAge2 has also been proposed
as a biomarker for human mortality risk, based on DNA methylation [74]. This biomarker could be used
among other biomarkers as an empirical measurement of Biological Inertia.

Longitudinal tracking of these biomarker panels across diverse populations and in response to
regenerative interventions will be essential for validating the predictive ability of The Chaos to Creation
model in clinical settings. The accuracy and validity of the biomarkers chosen for each term can be
determined through application of the equation to well-known and varied cases such as the Hydra,
tortoise, naked mole rat, whale and human.

The framework's immediate usefulness lies in hypothesis generation and clinical prioritisation. Its longer-
term value depends on the empirical quantification of each variable through validated biomarker panels,
and on longitudinal trials capable of detecting shifts in the Life Force trajectory in response to
intervention. The organisms examined here, from the effectively non-aging Hydra to the metabolically
constrained Greenland shark, demonstrate that biology has already solved versions of this problem. Once
these variables are defined, the task for translational medicine is to determine which solutions are
compatible with human physiology, and to deploy them before the hallmarks of aging accumulate beyond
a recoverable threshold, with the intention of significantly extending health span.
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