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Commentary
One century ago, Walter Cannon coined the term “homeostasis” to

capture the remarkable stability exhibited by living creatures [1]. His
work extended Claude Bernard’s intuition about the myriad
mechanisms that an organism possesses to permit precise adjustment
to the assaults of the environment, both interior and exterior [2].

The term homeostasis has served well, but with the explosive
advances in molecular biology and particularly the appearance of the
epidemic of aging the term homeostasis is no longer adequate.

New Term
10 years ago, a group of us put on an international meeting at the

NIH entitled “The Energetic and Dynamic Basis of Health and Aging”
[3]. The centerpiece of our conference was the reification of the term
homeodynamics [4]. This word was proposed and elaborated by Dr.
Gene Yates of UCLA who was a leader of our conference.
Homeodynamics extends homeostasis into a more inclusive term. It is
evident that there is no stasis in life. All of life is dynamic. 98% of a
body’s atoms are replaced each year. The Krebs cycle turns over
2.66x10^21 times per minute. The half-life of an intestinal cell is
measured in days. Stasis is nowhere to be found. Life is a verb rather
than a noun.

Thermodynamics
This effort to upgrade homeostasis is fundamentally grounded in

the Second Law of Thermodynamics which describes the process of
energy flow [5]. The First Law proclaims the constancy of the amount
of energy, conservation. The Second Law proclaims its inevitable
redistribution. The Second Law is cosmic in scope. It applies to
everything in the universe, canyons, Chevrolets, daffodils, us. Entropy
is everywhere apparent. Time is a by-product of the Second Law.

Erwin Schrodinger elaborated the relationship between energy flow
and life “What is Life?” [6]. Ilya Prigogine, another laureate, extended
Schrodinger’s reach, “Order out of Chaos” [7]. He describes an
organism as a “dissipative structure” poised temporarily between order
and disorder, the order created and maintained by the energetic fuel of
metabolism, homeodynamics. The emergence of life from an inorganic
brew conjures a virtually incomprehensible complexity that is slowly
unfolding. Nanotechnology equips us with insights at an atomic level,
[8] but we are always reminded that “more is different” [9]. Each
organizational hierarchical level displays its own emergent properties
that are unique and not predictable from knowledge of the adjacent
higher or lower level.

Aging
A generic definition of aging is: The effect of an energy flow on

matter over time. Any definition must transcend biology, as
everything in the universe ages. Yet it is within biology that immense
implications arise, yet until recently aging has lacked a sturdy
conceptual framework.

Hayflick: “Aging is no longer an unknown” [10]. A thermophysical
foundation is invoked. Aging is entropy, [11] made manifest by a large
number of catabolic physical and biochemical changes such as protein
misfolding, free radical generation, DNA damage, telomere
shortening, etc., all evidences of decay in homeodynamic process.

The Gray Dawn of global aging mandates appropriate supporting
terminology. Clearly stasis is alien. The heterogeneity of older people
implies an active agency.

No Aging Gene
Genomics has failed to illuminate aging or its co-actor, frailty. No

genome-wide associated study (GWAS) has yielded central penetrance
into the patho-physiology of aging or frailty.

The new approach, EWAS, environment wide association study,
incorporates the interactivity of the organism with its environment
within its reach [12]. Such an upgrade of explanatory terminology
incorporates homeodynamics in its rubric.

Further, homeodynamics is intrinsic to phenotypic plasticity, the
molding of the organism to its environment, niche construction, [13]
again a critical aspect of aging. Fraga et al. reported that the gene
profile of identical twins is virtually identical in youth, but diverges
progressively as the environment induces variance in gene expression,
[14] epigenetics, the “epicenter” of clinical medicine [15].

Epigenetics
The process of phenotypic plasticity been far under-recognized with

regard to its impact on human well-being. The work of Blair
particularly emphasizes how the central bio-marker of VO2 max is
explicitly influenced by physical fitness [16]. A fit person of 70 has the
same all-cause mortality as the unfit person of 40, a thirty year age
offset, not related to genes, or medical care but secondary to lifestyle
generated homeodynamic variance.

The importance of lifestyle on human health is captured by The
General Adaptation Syndrome (Allostasis) [17,18] and Hypokinetic
Disease, the Disuse Syndrome [19,20] in which the pathogenic
mechanism involves too much or too little energetic impact
confronting the organism. Such a reconceptualization of pathologic
process is in accord with the basic tenets of homeodynamics.
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The emerging clinical syndrome of frailty similarly finds
appropriate expression within homeodynamics [21].

With the explosive increase in our understanding of molecular
biology clinical medicine seems poised to adopt a new conceptual
platform based on system rather than component, on process rather
than episode, on preventive rather than repair principles. The recent
report of Demetrius and Driver, “Preventing Alzheimers Disease by
Means of Natural Selection” [22] is but one of a cascade of novel,
revolutionary strategies deriving from recognition of energy flow,
homeodynamics. Medicine emerges from the structural lag [23]
between acute and chronic illness. It requires appropriate framing
terminology, Homeodynamics, rather than homeostasis.
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