
 COMPLEX X AND THE GROWTH PROCESS  
A PROPOSED GENERAL THEORY OF HUMAN DYSFUNTIONALITY 

 
 I. Introduction 

 
 Progressive deterioration of physiological function is the hallmark of human 
aging1.   The three primary characteristics of aging are: (i) physiological deterioration that 
leads to a functional decline in all organs and systems in the body;  (ii) increased 
susceptibility to certain chronic degenerative diseases, such as cardiovascular disease, 
osteoporosis and dementia; and (iii) an exponential increase in mortality.   
 
 This paper posits that chronological aging and loss of function are two different 
phenomena.  Progressive dysfunctionality is not the inevitable result of the passage of 
time.  Evolution intended that we retain optimal function throughout our lifespans and 
provided us with a growth process that allows humans of any age to conform their 
phenotype to the perfectly functioning genetic potential.  Dysfunctionality is a disorder 
that results from the failure by adult humans to activate that growth process. 
 
 The progressive physiological deterioration of all human organs and systems 
commences in most humans by their mid twenties, although it is not typically noticed for 
some number of years thereafter.  At some point (which may be decades later), as the 
physiological deterioration leads to further and further impairment in function, the 
condition is recognized as one or more of the chronic degenerative diseases.  Further 
physiological deterioration eventually causes an organ or system failure that results in 
death.  
 
 The inexorable forces of atrophy that cause this physiological deterioration do not 
commence in our twenties or thirties.  Hundreds of millions of human cells die every day.  
Cellular death and replacement occurs in infants and throughout childhood. What does 
change is the other side of the equation.  From inception through young adulthood, we 
are developing and growing – the forces of growth prevail over the forces of atrophy.  
Progressive dysfunctionality is not the result of genetic preprogramming or some other 
inexorable factor.  Adults suffer from physiological deterioration because they no longer 
activate the growth process.  Without the counterbalance of growth and rejuvenation, the 
forces of atrophy prevail, and people suffer from progressive dysfunctionality.   
 
 For these purposes, the term “growth” does not mean getting taller.  A person’s 
potential height and the optimal potential for all other physical characteristics are 
preprogrammed genetically.  We are genetically hardwired for our phenotype to match 
our genetic potential.  One’s optimal genotype relates not just to obvious physical 
characteristics such as height and body type, but also to the functioning of all organs and 
systems in the body.  Under ideal conditions, we would attain and maintain our genetic 
potential.  There would be no progressive dysfunctionality and all of our organs and 
systems would always function perfectly.  But none of us ever attain perfection, and over 
time, we recede further and further away from that point.  Our actual phenotype relative 
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to our genetic potential is a function of the growth process.   The growth process is 
evolution’s way of conforming genetic potential to environmental reality.   
 
 The genetic imperative that growth occur in strict conformity to our genetic 
programming is an integral part of the growth process.  But the growth process is much 
more than the genetic programming.  It is a distinct physiological process that involves a 
multitude of chemicals and substances2.   It is metabolically demanding, thus the body 
will not activate the growth process unless it has adequate reserves of the right kind of 
energy stores.  The growth process involves the complex interaction of dozens of 
different substances, many of which have harmful effects if they are present in the body 
in isolation and/or for extended periods of time.  Thus the growth process is inconsistent 
with homeostasis.  It must be triggered by a particular stimulus, occur quickly and the 
amount of each of the substances involved in the process must be regulated.  Complex X 
is the energy source, master gatekeeper and regulator of the growth process.  
 
 Complex X is the byproduct of the first (anaerobic) step of the metabolism of 
glucose (in the form of muscle glycogen).   This anaerobic metabolism occurs in the 
cytoplasm of skeletal muscle cells.  Anaerobic glycolysis is considered inefficient 
because the vast majority of the glycogen is converted into byproducts rather than energy.  
Those byproducts, the primary component of which is lactate, comprise Complex X.  The 
exact makeup of Complex X will be discussed in greater detail in Section III. 
 
 As the body endures the normal forces of atrophy, organs and systems transmit 
signals that there are minor deviations from genetic programming that need to be 
corrected.  However, because the growth process is a low priority (this minor damage is 
not perceived to be an immediate threat), high energy process, unlike the healing process, 
the growth process is not activated automatically. When the growth process is triggered 
by elevated levels of Complex X in the blood, a host of hormones, enzymes, and other 
substances and processes are activated.      
 
 Complex X is provided to the fetus through the placenta, which has stores of 
glycogen and engages in anaerobic metabolism (See Section V.D).  Following birth, 
Complex X is synthesized when the body engages in physical activity at intensity levels 
sufficient to raise blood levels of Complex X.  This intensity level is known as the lactate 
threshold.  The lactate threshold varies significantly from person to person and for any 
given person it varies over the course of his or her lifetime.   For an infant, crying or 
attempting to crawl is sufficient activity to exceed the lactate threshold and induce the 
growth process.  Children will instinctively play at intensity levels above the lactate 
threshold.  As one matures and engages in additional activity, the lactate threshold tends 
to increase.  When adults exercise at moderate levels of intensity (all “aerobic,” steady 
state or endurance forms of exercise), substantially all of the Complex X that is 
synthesized is consumed by the working muscles and the heart (and thus the benefits of 
that exercise are limited accordingly).  Only at higher levels of intensity (beyond the 
lactate threshold) is sufficient Complex X produced that blood levels of Complex X 
increase. The specific relationship between exercise and blood levels of Complex X will 
be discussed in Section V. 
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 The growth process is stimulated when humans engage in exercise of sufficient 
intensity to raise blood levels of Complex X.  Substantially all adult humans engage in 
little or no intense exercise.  Thus, the Complex X deficiency caused by a lack of 
sufficient intense exercise is the cause of progressive dysfunctionality and the resulting 
chronic degenerative diseases.  
 
  A. The Growth Process.    
 
 It has long been recognized that exercise activates the secretion of a number of 
critical hormones and stimulates a number of other processes.  What has been overlooked 
is the fact that, when exercise is at intensity levels in excess of the lactate threshold,  
these substances and processes act simultaneously in a coordinated and interdependent 
fashion – the “Growth Process”.   Observations supporting the hypothesis that the Growth 
Process is a process (as opposed to a series of isolated events) are: (i) a number of 
different substances, many of which have no apparent connection to exercise, are 
activated by exercise in an intensity dependent manner, and they are all activated every 
time a healthy person exercises at intensity levels above the lactate threshold; (ii) many of 
these substances are associated with multiple growth-related functions; (iii) many of 
these substances cannot perform their functions in the absence of certain of the other 
substances that are activated at the same time; (iv) some of these substances have harmful 
effects if present in the body in isolation or for extended period of time; and (v) the 
Growth Process demands excessive amounts of energy.  In short, the Growth Process is 
inconsistent with homeostatic equilibrium and thus must occur periodically in a relatively 
short period of time.   
 
 This paper posits that (i) the mechanism whereby exercise activates the Growth 
Process is the presence of elevated levels of Complex X in the bloodstream; (ii) the role 
of Complex X as a signaling hormone is akin to that of a master gatekeeper; and (iii) in 
addition to gatekeeper, Complex X acts as the master coordinator of the Growth Process 
by regulating the amount and extent of the other substances and processes. These 
concepts are discussed in Section VII, below. 
 
 Of the dozens of substances activated by intense exercise, two will be discussed in 
some detail.  The first is brain-derived neurotrophic factor, or BDNF.  Blood levels of 
BDNF are increased with exercise, with the magnitude of that increase being intensity 
dependent.  More specifically, a recent study found that during intense exercise, increases 
in blood levels of BDNF correlate with increases in blood levels of lactate, which is the 
primary component of Complex X.    
 
 A second critical substance is human growth hormone (HGH).  HGH has also 
long been associated with aging, with the conventional paradigm being that humans lose 
the ability to secrete HGH as a natural and inevitable consequence of the passage of time.  
However, it’s also long been recognized that the secretion of HGH is induced by 
exercise, in an intensity dependent manner.   That process is known as “Exercise-Induced 
Human Growth Hormone Response” or EIGR.  A recent study concluded that it’s not just 
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the exercise, but specifically the increased levels of lactate/Complex X in the blood, that 
induces EIGR.   
 
 BDNF and HGH are just two of the dozens of hormones, enzymes, stem cells and 
other substances that are activated by exercise in an intensity dependent manner.  None of 
these substances or processes act in isolation; they work in unison (the Growth Process), 
but only when triggered by elevated levels of Complex X in the blood.  If blood levels of 
Complex X are not elevated, the Growth Process does not occur.  The forces of atrophy 
prevail over the forces of growth.   
 
  This paper offers an evolutionary explanation for the role of Complex X as master 
gatekeeper of the Growth Process.  As multicellular organisms began to evolve, there 
needed to be a system that would allow the organisms to respond to the outside 
environment.  This paper suggests that the presence of Complex X was the original signal 
that the environment was conducive to growth.  Much later in the evolutionary scheme, 
the development of the mammalian brain created a potential conflict between the energy 
needs of the brain and the Growth Process.  The brain requires a constant supply of blood 
glucose.  The Growth Process demands an excessive amount of energy in a short period 
of time.  Tapping into blood glucose to fuel the Growth Process would deprive the brain 
of its glucose requirements.  Thus, muscle glycogen became the dedicated energy reserve 
for fueling the Growth Process.   Lactate/Complex X is produced through the breakdown 
of that stored muscle glycogen.   Finally, from an evolutionary standpoint, mammals tend 
to live feast or famine existences.  Splurging energy on the Growth Process during a 
famine stage would be dangerous.  Thus, the Growth Process is activated only during 
periods of activity.   From an evolutionary standpoint, activity is equated with elevated 
levels of Complex X in the blood.  These concepts, and the role of evolution, are 
discussed in Section IV. 
 
 B. Mitochondrial Turnover.   
 
 Many modern theories of aging focus on the role played by mitochondrial 
dysfunction.   Mitochondria are organelles within cells that generate the majority of the 
energy used by the body through aerobic (utilizing oxygen) metabolism.  They also 
participate in a wide range of other cellular processes.  There is a direct correlation 
between mitochondrial dysfunction and the negative features of aging – all of the 
functional declines and chronic degenerative diseases are accompanied by an observed 
deterioration or dysfunction in the mitochondria of the relevant cells.  Studies generally 
support the theory that mitochondrial dysfunction is responsible for many of the effects 
of aging, rather than aging causing mitochondrial dysfunction.  
 
 Conventional thinking is that mitochondrial damage may be irreversible and thus 
aging is inevitable. This paper concurs that mitochondrial dysfunction is one of the 
unavoidable forces of atrophy.  But mitochondrial damage is not unusual or necessarily 
harmful.  The critical issue is not avoiding damage, but ensuring that there is adequate 
mitochondrial turnover.  Turnover is the combination of selective elimination of damaged 
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mitochondria (through fission and mitophagy), and reproduction of healthy new 
mitochondria (mitochondrial biogenesis).    
 
 As is discussed in Section VI below, all of the processes involved in 
mitochondrial turnover are triggered and regulated by Complex X.  Mitochondrial 
biogenesis is induced by mitochondria utilizing Complex X as fuel, and by no other 
stimuli.  It has long been recognized that moderate exercise will induce mitochondrial 
biogenesis in the muscles doing the work.   Recent studies have shown that sufficiently 
intense exercise will induce mitochondrial biogenesis in remote organs, such as the brain.   
 
 This paper suggests that Complex X’s role in the mitochondrial biogenesis 
process was cast at the dawn of evolution.  The precursors to modern eukaryotic cells 
were prokaryotes (single-celled organisms that lack a membrane-bound nucleus, 
mitochondria, or any other organelles). These prokaryotes could create energy solely 
through anaerobic glycolysis.  The generally accepted hypothesis is that the ancestors of 
mitochondria were at one time separate free-living organisms that were similar to 
bacteria.  Well over a billion years ago, the ancient bacterial predecessors of 
mitochondria invaded the host prokaryote cell in order to feed off of the Complex X 
waste product that the host cell created whenever it metabolized glucose.   After hundreds 
of millions of years, a single evolutionary pathway resulted in the eukaryotic cell (cell 
containing nucleus, mitochondria and other membrane-bound organelles), from which all 
complex animal life on the planet has evolved.  But throughout the eons, the role of 
Complex X as being the preferred fuel for mitochondria (and the only fuel that will 
induce mitochondrial biogenesis) has not changed.  The role of evolution is discussed in 
Section IV. 
 
 Mitochondrial biogenesis is a necessary component of the Growth Process.  It is 
addressed as a separate subject in this paper because, unlike most other aspects of the 
Growth Process, mitochondrial biogenesis can be induced in working muscles (including 
the heart) at exercise intensity levels that are below the lactate threshold. 
  
II. Progressive Dysfunctionality, Entropy, Chronic Degenerative Diseases and 
Complex X Deficiency 
 
 A. Functional Deviation Syndrome (“FDS”)  
 
 With the passage of time, substantially all modern humans experience a gradual, 
progressive physiological deterioration in all organs and systems in the body.  Among the 
functional declines associated with progressive dysfunctionality are longer reaction times, 
a lower metabolic rate, declines in memory and cognitive functions, declines in sexual 
activity, declines in kidney, pulmonary, and immune functions, declines in exercise 
performance, and multiple endocrine changes.  Over time, as the physiological 
deterioration leads to further and further impairment in function, the condition is 
recognized as one or more of the chronic degenerative diseases.  Ultimately, an organ or 
system will fail completely, resulting in death. 
 



 6 

 Progressive dysfunctionality (indirectly through the chronic degenerative diseases 
that occur as a result of progressive dysfunctionality) is by far the leading cause of death.  
One biogerontologist estimates that of the roughly 150,000 people who die each day 
across the globe, about two thirds - 100,000 per day - die of age-related causes; in 
industrialized nations, moreover, the proportion is much higher, reaching 90%3.  No one 
dies of old age.  Everyone who doesn’t die prematurely ultimately dies of one of the 
chronic degenerative diseases that is associated with progressive dysfunctionality. 
  
 There is also an enormous economic cost associated with progressive 
dysfunctionality.  Rough estimates are that of the approximately $3 trillion per year that 
is spent on health care in the United States alone, approximately $2 trillion is spent on 
treating chronic degenerative diseases.   
 
 Remarkably, in spite of the enormity of the issue, there is no generally accepted 
theory as to why aging occurs.  There are not even commonly accepted definitions of 
many of the key terms used in biogerontology (the science of biological aging).  This 
absence of an accepted theoretical framework produces erroneous interpretations of 
research results, illogical allocation of research funds and misdirected scientific, 
economic, social and political policy decisions4.  There is no other field of science in 
which a similar situation exists. 
 
 The primary reason that there is no generally accepted theoretical framework 
stems from the fact that all existing hypotheses are based on a flawed foundation.  That 
foundation is the universally accepted notion that the functional declines are inextricably 
linked to and are the inevitable result of the aging process itself.  As will be explained 
below, the physiological deterioration that leads to functional decline (“Functional 
Deviation Syndrome,” or “FDS”) is independent of chronological aging and is not 
inevitable.  FDS (and thus progressive dysfunctionality) is just another disease. 
 
 Inherent in the belief that progressive dysfunctionality is a function of 
chronological aging is the notion that progressive dysfunctionality does not commence 
until relatively late in life.  It has now been shown in multiple studies that FDS afflicts 
otherwise healthy humans at least as early as their 20s.  Although most biogerontologists 
acknowledge that damage does start to accumulate in humans in their 20s, many still 
adhere to concepts that are plausible only if one assumes that “aging” does not commence 
until much later in life. 
 
 The second major assumption that is inherent in the assumption that progressive 
dysfunctionality is a function of the aging process itself is that FDS is inevitable and 
irreversible.  In fact, humans can and do delay and reverse FDS.  One system that is 
obviously impacted by FDS is the skeletal muscle system.  The ubiquitous message is 
that all humans will lose x% of their muscle mass each decade after the age of 30.  
However, that message is typically accompanied by the caveat that one can retain and/or 
increase muscle mass at any age through exercise.  It is indisputable that human adults 
who have suffered muscle atrophy as a result of FDS can reverse that atrophy by 
exercising.   
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 The skeletal muscle system is not unique in this regard.  Physical training has 
been shown to reverse FDS in the circulatory system, the respiratory system and the 
skeletal system.  Among the many less obvious effects of intense exercise are the 
activation of stem and progenitor cells, the reversal of telomere shortening and the 
delay/reversal of FDS in the central nervous system (brain).  These and many other 
effects of activating the Growth Process through intense exercise will be discussed later 
in this paper. 
 
 This paper posits that FDS is not the inevitable result, nor is it a function, of 
chronological aging.  It afflicts different people at much different ages.  FDS is becoming 
common in children as lifestyle changes have led to fewer children undertaking the 
periodic intense exercise that is necessary to activate the Growth Process.  There is a 
growing body of anecdotal evidence that persons in their 50s and 60s who are involved in 
intense exercise programs show a significant reduction in FDS.  FDS can and will afflict 
a human of any age that suffers from prolonged or acute Complex X deficiency, but FDS 
will be halted or reversed if the deficiency is remedied.  The only association between 
FDS and chronological aging is that, if the Complex X deficiency is not corrected, FDS 
will become progressively more acute over time.  That association holds true of any 
disorder that results from a chronic deficiency, and is independent of chronological age. 
 
 One well-known deficiency disease is commonly known as scurvy.  Scurvy is 
caused by Vitamin C deficiency.  In a world that was unaware of the significance of 
Vitamin C, and, by chance, children consumed plenty of Vitamin C, but all adults 
suffered from chronic Vitamin C deficiency, scurvy would appear to be the inevitable 
result of chronological aging.   Since the Vitamin C deficiency would generally not be 
corrected, the symptoms of scurvy would become progressively more acute over time, 
and ultimately everyone would die from scurvy.  Similarly, in a world where we are 
ignorant of the role of the Growth Process, and all adults suffer from Complex X 
deficiency, FDS and the chronic degenerative diseases that result from that deficiency 
appear to be the inevitable result of chronological aging.   
 
 B. Entropy and the Maintenance Program. 
 
 There are two primary schools of thought (and multiple hypotheses within each of 
these schools) with regard to the cause of progressive dysfunctionality.  One school 
believes that the aging process that inexorably leads to death is the result of a genetic 
program.   This paper takes no position on whether we have a genetically predetermined 
expiration date.  It does take the position that FDS is not the result of any such genetic 
program5.  To the contrary, we have the genetic potential to function perfectly throughout 
our lifespans. 
 
 The second school of thought accepts the premise that a purposeful genetic 
program drives all biological processes that occur from the beginning of life to 
reproductive maturation.  However, once we have achieved reproductive maturity,  
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evolution becomes indifferent; progressive dysfunctionality is the result of the 
accumulation of random, irreparable losses in molecular fidelity, and mortality is the 
result of progressive dysfunctionality.   
 
 The physiological deterioration that characterizes FDS results from the 
accumulation of damage at the cellular level.  This Hypothesis uses the term “entropy” in 
its colloquial sense to describe the forces that cause that damage.  Entropy in its technical 
sense applies only to closed systems.  Humans are not closed systems.  Humans are 
complex organic machines that are constantly self-destructing.  Even under ideal 
conditions, human cells are constantly dying.  Hundreds of millions of cells die every day 
in humans of any age. 
 
 The distinction between inanimate objects and living organisms is that living 
organisms have internal mechanisms for growth and repair.  Thus, although subject to the 
same laws of entropy as adults, children grow and no “aging” is observed.  They are 
actually enduring more wear and tear than adults; it’s just that the Growth Process more 
than compensates for that deterioration.  Progressive dysfunctionality is the result of the 
absence of a growth or maintenance process in adults.  In the absence of those processes, 
deterioration prevails over replacement and repair6.  As the following quotations 
illustrate, the absence of those processes is unexpected from an evolutionary standpoint.   
 
 Evolutionary theorist George Williams wrote: "It is remarkable that after a 
seemingly miraculous feat of morphogenesis, a complex metazoan should be unable to 
perform the much simpler task of merely maintaining what is already formed."7  
Similarly, biogerontologist Aubrey de Grey wrote that aging/progressive dysfunctionality 
is paradoxical because “it seems obvious that the maintenance of a complex machine in a 
fully functional state is a vastly simpler problem than the construction of that machine, so 
evolution, having mastered the latter, should find the former a doddle.”8 
 
 All academicians accept the premise that there is an initial growth process 
whereby a fertilized egg ultimately becomes a fully functioning young adult.  The 
genetically programmed imperative that we conform to our genetic programming is 
inextricably intertwined with that process.  In the elegant words of the SENS Research 
Foundation website: 
 

“During our first two to three decades of life, developmental programs build out 
our growing bodies, laying down the cellular and molecular structures of our 
tissues in exquisite fidelity to the instructions carried in our genetic code.  From 
form flows function: the pristine condition of the microscopic machinery of life 
ensures its silent, unimpeded functioning, manifested in the health and vigor of 
youth.”9 

 
 Most scientists appear to assume that the Growth Process is nothing more than the 
genetic instructions themselves.    This paper posits that the Growth Process is a separate 
and distinct bodily function that occurs only when activated and involves dramatic 
changes in body chemistry.  Alternatively some academicians have suggested that the 
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Growth Process terminates once we achieve our maximum height or reproductive 
maturity.  But humans do not stop getting taller because of the Growth Process abruptly 
terminates.  Our final height is determined by the fusing of the relevant bones in a 
manner that makes further lengthening of those bones impossible.  Alternatively, it has 
been suggested that the growth/maintenance process suffers the same fate as all of the 
other systems – it deteriorates and becomes dysfunctional over time.  Like every other 
bodily function, the Growth Process will be adversely affected by FDS.  But it does not 
abruptly terminate. 
 
 This paper suggests that the proffered hypotheses are circular, at best.  FDS can 
afflict any human at any age and does afflict different humans at very different ages.  The 
chronic degenerative diseases may not generally be diagnosed until much later in life, but 
the physiological deterioration that leads to the decline in functionality typically appears 
in people in their 20s.  Loss of reproductive capability typically occurs much later in life.  
Moreover, at least in males, loss of reproductive capability is merely one of the 
symptoms of FDS.  A maintenance process that prevents loss of function would prevent 
any loss of reproductive capability.  Retaining reproductive capability for an extended 
period of time would enhance the probability of the organism reproducing.  So evolution 
does care.  Similarly, a maintenance process that repairs all functions would repair itself. 
 
 Natural selection works by selecting traits that enhance the probability of an 
organism surviving and reproducing.  Functionality of all systems and organs would 
appear to be a trait that evolution would select.  Since the Growth Process itself is part of 
our genetic programming, the instructions to terminate the Growth Process at a particular 
point in time or development would also have to be part of our genetic programming.  
The effect of terminating the Growth Process would be to afflict all adult humans with 
FDS.  That result is akin to natural selection having chosen dysfunctionality over 
functionality. 
 
 In fact, there is no conundrum.  Adult humans do have a maintenance/growth 
process.  This paper uses the term Growth Process rather than maintenance process for 
the following reasons.  First, the chemical pathways involved in the adult Growth Process 
are the same as those involved in the Growth Process in fetuses and children.  Second, 
maintenance implies maintaining the status quo at the then current homeostatic 
equilibrium point.  One of the most exciting features of the Growth Process is that, when 
periodically activated in adults, it ratchets the equilibrium point beyond the then-current 
equilibrium point and in the direction of the subject’s optimal genetic potential.  An adult 
in her late 40s or 50s with significant FDS can not only reverse the FDS and be as fully 
functional as she ever was, she can become as fully functional as she ever could have 
been. 
 
 One final point about wear and tear.  Risk factors, as they relate to chronic 
degenerative diseases, generally are factors that tend to accelerate the killing of cells that 
leads to the slow accretion of damage.  Physical activity accelerates atrophy, both 
because of the added wear and tear and because of increased caloric consumption.  A 
leading paper on the effects of physical activity on entropy and human aging concluded 
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that a very physically active male would be expected to have a lifespan of approximately 
53 years, while a sedentary male would have an expected lifespan of 85 years10.  In other 
words, exercise would be expected to be a leading risk factor for all chronic degenerative 
diseases.  If humans were inanimate, this would be the result.  However, as noted above, 
the difference between living organisms and inanimate objects is that living organisms 
have internal mechanisms for growth and repair.   
 
 Rather than being a risk factor, exercise is generally recognized as reducing the 
risk of all chronic degenerative diseases.   This apparent contradiction can only be 
explained by acknowledging the critical roles played by exercise in the human repair, 
mitochondrial turnover and Growth Processes11.  Exercise does accelerate the 
accumulation of damage, but because exercise also activates repair and Growth Processes 
as well as mitochondrial biogenesis, in adults as well as children, the net effect of 
exercise is a positive rather than a negative12. 
 
  C. Chronic Degenerative Diseases. 
  

The incidence of a number of pathologies increases with age.  The vast majority 
of these pathologies are merely symptoms of FDS.  The “aging-associated diseases” that 
are caused by (or symptoms of) FDS include most dementia, most cardiovascular disease, 
osteoporosis, sarcopenia, arthritis and most kidney disease.  This paper recognizes that 
there are also pathologies, the incidence of which increases with age, that have causes 
other than FDS.  Cancer is a primary example.  Also, certain types of dementia, certain 
types of heart disease and other disorders may be caused by factors other than FDS.  
Generally, this paper uses the term “chronic degenerative disease” rather than aging-
associated disease to emphasize that it is referring only to those progressive diseases that 
are merely symptoms of FDS.  The primary characteristic of these chronic degenerative 
diseases is that they are the culmination of the progressive loss of function in an organ or 
system. 
 
 Among the many problems resulting from having no generally accepted 
theoretical framework for progressive dysfunctionality is the confusion between the 
concepts of “cause” and “risk factor.”  In the absence of any apparent cause other than 
chronological age, chronic degenerative diseases are often presumed to be “caused” by 
certain risk factors (genetics, diet, obesity, stress, pollutants, smoking, etc.).   Although 
these risk factors accelerate the forces of atrophy that cause FDS, they do not cause FDS.  
A simple example of the distinction between “cause” and “risk factor” is the distinction 
between genetic defect and genetic predisposition.  A genetic defect can result in a 
damaged or defective organ that can, in turn, cause a clinical event such as a heart attack.  
A genetic predisposition (family history) to heart disease does not cause heart disease.     
 
 A related significant point is that inexorable forces of nature must be taken as a 
given, rather than treated as a cause.  Take a plane crash that results from an engine 
malfunction.  One could assert that the crash was caused by gravity.  Although that may 
be a true statement, it is of little assistance in preventing such accidents in the future.  
Like gravity, cellular death, which is the primary cause of atrophy, is an inexorable force 
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of nature, and thus this paper takes atrophy as a given, rather than treating it as the cause 
of aging.  This paper concurs with the accepted wisdom that the rate of atrophy is not 
immutable – it can be accelerated by certain risk factors and slowed by certain 
interventions.  However, although the rate of atrophy can be influenced, nothing in the 
conventional approaches suggests that atrophy can be halted or reversed.  Eventually, 
entropy will prevail.  The critical distinction between this paper and conventional wisdom 
is the assertion that there is an actual cause of FDS.  By addressing that cause (Complex 
X deficiency), we can activate the Growth Process and override the atrophy. 
 
 Many different pathologies (substantially all system disorders) are the result of 
FDS caused by Complex X deficiency.  In a world that is unaware of FDS and Complex 
X deficiency, it appears that a great number of pathologies fit the same pattern of no 
single actual cause but rather a set of risk factors.   However, the same risk factors that 
are ascribed to the chronic degenerative diseases can be ascribed to most any other 
disease, even those that are caused by specific pathogens.  In the absence of any actual 
cause, the terms risk factor and cause are used interchangeably.   
   
 There is a yet another important distinction to be made.   FDS is caused by a 
deficiency in a set of chemicals (Complex X) that is synthesized by the body.  It is not 
caused by some outside pathogen.  Thus, there is no one-time cure for FDS or any of the 
chronic degenerative diseases.  A person who engages in sufficiently intense exercise for 
a period of time will successfully halt or reverse FDS.  However, unless an alternative 
means of introducing Complex X into the human body can be developed, that person will 
resume the progressive dysfunctionality process if the intense exercise regime is 
discontinued. 
 
 One final point about FDS.  To date, efforts to correct FDS or particular chronic 
degenerative diseases have, for the most part, involved one of two approaches.  The first 
approach is to attempt to identify and slow the forces of atrophy.  Examples include 
slowing mitochondrial dysfunction by introducing antioxidants and extreme caloric 
reduction.  Eliminating or controlling risk factors that tend to accelerate the progressive 
dysfunctionality process (e.g., stress, smoking, obesity, etc.) also follow this approach.  
Unfortunately, entropy and the other inexorable forces of atrophy will ultimately prevail 
over this approach. 
 
 The second approach has been to identify particular substances or processes (e.g., 
human growth hormone, or some chemical or chemical process that is involved in 
mitochondrial biogenesis) that are lacking in older humans and then introducing 
interventions to supplement or correct those particular substances or processes.  Such an 
approach might be productive if FDS were caused by the lack of just one particular 
substance or the failure of a single process.  But FDS is caused by a failure of the entire 
Growth Process.  Attempts to treat FDS by isolating and correcting individual 
components of the Growth Process are akin to replacing a single link in a chain when the 
entire chain is missing.  In the absence of elevated levels of Complex X in the 
bloodstream, a host of critical processes will not occur.  Complex X is the means 
whereby all of those processes are coordinated.  It regulates not only whether a particular 
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hormone is secreted, but how much.  Trying to remedy a defective Growth Process by 
artificially introducing selected substances might have some minor benefits, but such a 
correction will not be sufficient on its own.  Moreover, introducing particular substances 
in isolation is likely to cause harmful side effects.  Only by correcting the Complex X 
deficiency can FDS be remedied. 
 
 D. Complex X Deficiency. 
 
 Complex X is in some ways analogous to Vitamin D.  Like Complex X, Vitamin 
D is synthesized by the body in response to an environmental stimulus – exposure to 
sunlight in the case of Vitamin D and intense exercise in the case of Complex X.   
Assuming no effective Vitamin D supplements and no exposure to the sun, a human will 
suffer a number of adverse health consequences that will progress over time.   Those 
consequences may be accelerated by risk factors that affect health generally (genetics, 
diet, obesity, stress, pollutants, smoking, etc.), and slowed by certain interventions 
(exercise, drugs, eliminating risk factors).   But the true cause of the ailments is Vitamin 
D deficiency.  Similarly, the human body synthesizes Complex X when it engages in 
intense exercise, and there are adverse health consequences when there is a chronic 
Complex X deficiency. 
 
 Frequent intense physical activity is necessary for survival in the wild.  Thus, 
throughout evolutionary history, all wild mammals, including the precursors to humans, 
synthesized Complex X on a frequent basis, thus ensuring the regular activation of the 
Growth Process. That constant activation of the Growth Process ensured that the 
organisms would regenerate in conformance with their original genetic instructions, thus 
maintaining complete functionality.  Unlike wild animals, humans can make a behavioral 
choice not to engage in the intense physical activity that synthesizes Complex X.   
 
 With the dawning of civilization came the possibility of a life without frequent 
intense physical activity, if only for the upper classes.  All of the major chronic 
degenerative diseases were first observed by Ancient Egyptians13.  Thus, although many 
of the risk factors that we associate with chronic degenerative diseases are of modern 
origin, none of these modern risk factors is the cause of any of the chronic degenerative 
diseases. 
 
 Historically, children, at least through about the age of about 20, were given the 
freedom to get plenty of exercise at whatever pace they chose.   They would instinctively 
get enough Complex X through intense exercise to develop properly.  That meant 
running, jumping, playing tag and other physical games, all of which involve sufficiently 
intense exercise to allow them to develop and function properly.  Even with the typical 
substantial reduction of vigorous exercise at approximately age 20, it would take a 
number of years for the symptoms of Complex X deficiency to surface.  Although 
physiological changes would begin in their twenties, humans historically did not show 
noticeable deterioration until their thirties or forties.   
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In more recent times, free exercise has not been a given even for children, so 
we’re seeing dramatic increases in developmental problems.   Chronic disorders such as 
type 2 diabetes are becoming epidemic and striking at a younger age.   

 
When a human engages in intense exercise on a regular basis, the body obviously 

adapts.  The athlete’s muscles get bigger and stronger, lung capacity increases, bones get 
stronger, the circulatory system changes as capillaries are added and the heart gets 
stronger and mitochondria increase in numbers and activity.  Exercise has been shown to 
improve the functioning of every system in the body, so the adaptation is not just 
restricted to the obvious changes described above.  

 
Some Complex X is created whenever a human being moves.  Muscles whose 

only function is to compensate for the effects of gravity (e.g., soleus muscle in the calf) 
synthesize Complex X whenever a person stands or walks.  However, during periods of 
complete inactivity (e.g. sitting at a desk without getting up, astronauts spending time in 
microgravity), little or no Complex X is being created.  The initial astronauts who spent 
extended periods of time on a space station suffered significant osteoporosis and muscle 
atrophy.  Complete inactivity has been recognized as a separate added risk factor for most 
chronic degenerative diseases. 

 
Even moderate exercise creates a small amount of Complex X, which is beneficial 

for the working muscles and the heart, so moderate exercise has been shown to reduce the 
risk of every system disorder14.  However, increased duration of exercise undertaken at 
moderate intensity does not increase the amount of Complex X circulating in the 
bloodstream, so the benefits of moderate exercise level off with duration. 

 
Most adult humans rarely, if ever, engage in intense exercise and thus suffer from 

a chronic deficiency of Complex X.  Complex X deficiency manifests itself slowly over 
time depending on the acuteness of the deficiency and the length of time of the 
deficiency.  The primary symptom is a slow physiological deterioration of all organs and 
systems in the body.  The unavoidable forces of atrophy act on our bodies from birth.  
However, any physiological deterioration that is suffered by a child is corrected when the 
child activates the Growth Process.  What changes with adulthood is that we’re no longer 
activating the Growth Process.  Maintenance is deferred until the Growth Process is 
activated.  But adult humans don’t activate the Growth Process.  Progressive 
dysfunctionality or FDS is the result of the accumulation of the resulting deferred 
maintenance.   It’s accepted as normal aging because it happens to all modern adult 
humans.   

 
The phenotype of human aging is one in which practically any system, tissue or 

organ can fail.  This indicates an intrinsic phenomenon affecting the whole organism and 
leading to the "weakest link" failing, resulting in death.  Which system or organ fails first 
and to what extent is a matter of genetics, environmental factors such as smoking, stress 
and pollutants, and the other usual suspects such as obesity and improper nutrition.  
Those breakdowns are what we call the chronic degenerative diseases – osteoporosis, 
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cardiovascular disease and dementia to name a few.  Those diseases are associated with 
the secondary “risk factors,” but the cause is Complex X deficiency. 

 
The physiological deterioration of the skeletal muscle system is quite evident.  

Around the fourth decade of life, declines in both muscle mass and strength become 
noticeable, and these declines accelerate with advancing age.  The loss of muscle mass 
appears to be an unavoidable consequence of the passage of time.  The muscle atrophy 
that is observed on the outside is a proxy for what is going on inside the body.  Every 
system and organ in the body is suffering similar physiological deterioration.  But there is 
nothing inevitable about it.  Studies have consistently shown that the loss of muscle mass 
and strength is slowed by weight-bearing exercise.  There is substantial anecdotal 
evidence that even people in their fifties or sixties can add significant strength and muscle 
mass if they engage in periodic bouts of intense exercise over an extended period of time.  
This paper posits that the same intense exercise that will halt or reverse the physiological 
deterioration of the skeletal muscle system will halt or reverse the physiological 
deterioration of every other system in the body. 

 
 Anyone who is not getting a sufficient amount of intense exercise has Complex X 
deficiency and is suffering a progressive illness.  Every system in the body is 
deteriorating over time.  What is described as ordinary slowing down with age, this paper 
describes as a preventable disorder.  Since slowing down with aging is accepted as 
inevitable, people rarely realize that they are sick until that sickness manifests itself in 
something clinical – like dementia or a stroke or heart attack.   The unhealthy state is 
accepted as normal. 
 
III. Complex X 
 

Complex X is the substance that is formed when skeletal muscles create energy 
for contractions and fuel for mitochondria by breaking down glucose, in the form of 
muscle glycogen15 in the cytoplasm of the cell.  This Section will explore how that 
process works in somewhat greater detail. 

 
With the exception of red blood cells (erythrocytes), all human cells are 

eukaryotic.  That means that they are surrounded by a membrane or cell wall, and have a 
body (the cytoplasm) and a number of different organelles within the cell that perform 
specific functions.  The organelles are themselves surrounded by membranes, which 
prevent unwanted substances from entering the organelle and interfering with the 
processes.   Two critical organelles in skeletal muscle cells are mitochondria and the 
nucleus.  All eukaryotic cells, including skeletal muscle cells, have one nucleus and 
multiple mitochondria.  Muscles are comprised of fibers, which in turn are comprised of 
skeletal muscle cells. 

 
All skeletal muscles contain a combination of fast twitch and slow twitch fibers.  

Individual muscles tend to be a mixture of muscle units of different fiber types.  
Proportions may vary depending on the actions of a particular muscle, but no human 
skeletal muscles are all one type or the other.   
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Slow-twitch muscle fibers are also known as type I fibers or red muscle fibers.  

They obtain their energy primarily through an oxidative metabolic process, which takes 
place within the mitochondria in the cell.  In order to obtain sufficient oxygen to fuel the 
process, the type I fibers are dense with capillaries and rich in myoglobin, which gives 
the slow twitch muscle fibers their red color.  

 
Fast twitch muscle fibers are also known as type IIX fibers, white muscle fibers or 

glycolytic fibers.  Type IIX muscle fibers have very few mitochondria or capillaries and 
thus cannot utilize the oxidative metabolic process.  Type IIX fibers generate muscle 
contractions primarily through a metabolic process known as anaerobic glycolysis, 
whereby glucose is broken down in a process that does not utilize oxygen.  This process 
does not generate nearly as much energy per calorie as the oxidative process, but because 
it can occur much more rapidly, it is capable of generating much more power and speed. 

 
Type IIA fibers are between slow twitch and fast twitch.  They are not as rich in 

myoglobin or capillaries as slow twitch fibers, so they are pinkish in color.  Unlike Type I 
fibers, Type IIA fibers can generate some power, but cannot generate as much power or 
speed as Type IIX fibers.  In fact, all muscle types probably have characteristics of both 
fast twitch and slow twitch muscles.  Even Type IIX fibers contain some mitochondria16.  

 
At rest, humans use red muscle fibers and aerobic oxidation almost exclusively. 

Fat, in the form of fatty acids (lipids), rather than glucose, is the primary fuel source for 
resting muscles17 and the heart.  Although glucose, in the form of muscle glycogen, is 
known to be the primary fuel source for muscles during exercise, glucose molecules are 
too large to enter the mitochondria directly.  In order for glucose to be utilized as fuel by 
mitochondria in an oxidative process, it must first be broken down through anaerobic 
glycolysis in the cytoplasm of the cell.     

 
 Historically, based upon studies of glycolysis in yeast and similar organisms in 
the laboratory, it was believed that there were two forms of glycolysis: aerobic (“with 
oxygen”) and anaerobic (“without oxygen”).  In those laboratory experiments, it was 
observed that when oxygen was present (aerobic), glycolysis was slow and acid products 
did not accumulate. When oxygen was removed (anaerobic), glycolysis was rapid, but 
lactic acid would accumulate.  These observations led to some gross misperceptions.  It 
was believed that anaerobic metabolism would occur only when insufficient oxygen was 
available to support the oxidative metabolic process.  Anaerobic exercise would quickly 
lead to fatigue because lactic acid would build up and the muscles would get sore.  The 
athlete would have to pause or rest to allow the body to recover from the “oxygen deficit” 
before being able to continue.  
 

The modern theory, known as the “lactate shuttle hypothesis,” is that lactate is 
formed and utilized continuously under fully aerobic conditions18.   The first steps in the 
glycolytic process are always anaerobic.  That does not mean that oxygen is not present 
in the cell, it just means that the process takes place in the cytoplasm of the cell, and that 
oxygen is not part of the chemical equation.   In glycolysis, glucose/glycogen is broken 
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down to pyruvate.  Pyruvate can enter the mitochondria and be processed aerobically.  
However, if it does not enter the mitochondria immediately, the pyruvate will be 
converted into lactate due to an enzyme called lactate dehydrogenase (LDH).  LDH is 
always present in skeletal muscle cells and acts almost immediately.   

  
The net formation of lactate or pyruvate, then, depends on relative glycolytic and 

mitochondrial activities, and not on the presence of oxygen.  Even at rest, under fully 
aerobic conditions, in order for red skeletal muscles to use glucose as fuel, that glucose 
must be broken down by anaerobic glycolysis, and that glycolysis inevitably leads to 
lactate production19.  In addition to lactate, there are other byproducts, or metabolites, of 
anaerobic glycolysis.  These metabolites, together with lactate, constitute Complex X. 

 
The lactate that is formed can also enter the mitochondria and be processed 

aerobically.  However, if there is more lactate produced than the amount that can be 
processed by the mitochondria, the lactate/Complex X will leave the cell and either be 
used as fuel by other cells in the immediate vicinity, or enter the bloodstream.   When one 
is doing exercise that involves great intensity (sprinting, jumping, lifting heavy weights 
for example), one is primarily using type IIX or white muscle fibers.  Those fibers have 
very little oxidative capacity, so substantially all of the lactate/Complex X that is formed 
passes out of the cell and into the bloodstream.    

 
Once the lactate is taken up by the bloodstream, it can be used in other organs, 

such as the heart, brain, liver and kidneys20.   During intensive exercise, lactate is the 
preferred fuel for the skeletal muscles and other organs.21  In this context, the term 
“preferred” means that the organs will use the lactate first, even if alternative fuel sources, 
such as blood glucose and lipids, are available.   That use of lactate (and the other 
components of Complex X) by the remote organs induces mitochondrial biogenesis in 
those organs.  In addition, the increased levels of Complex X in the bloodstream trigger 
the release of the other substances that facilitate the growth and rejuvenation of those 
organs, and the lactate fuels that Growth Process. 

 
For purposes of this paper, the term “Complex X” means the lactate that is 

produced through the glycolytic process (the breaking down of glucose, in the form of 
muscle glycogen, in the cytoplasm of skeletal muscle cell, to generate energy 
anaerobically and to allow the byproducts of that metabolic process – lactate/pyruvate, to 
enter the mitochondria and be utilized as fuel aerobically), together with the other 
metabolites of glycolysis.  

 
 This paper will cite numerous studies that discuss the role played by lactate, 
which is the primary component of Complex X.   This paper posits that the other 
metabolites of anaerobic glycolysis also play a critical role.  These other metabolites are 
small molecules that are produced as byproducts of the anaerobic process. One recent 
study characterized the metabolites from anaerobic metabolism as being comprised 
primarily “of scaffolds of amino acids, pyrimidine and purine nucleotides, saccharides, 
glycosyl phosphates and folic acids, which are nearly all primary metabolites and are 
essential for core cellular functions.”22   In addition to being associated with essential 
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cellular functions such as growth, development and energy production, primary 
metabolites act as signaling molecules both as first and second messengers.  One of the 
key roles of Complex X is to act as the master gatekeeper and coordinator for the Growth 
Process – a signaling function.  Lactate is an excellent fuel source, and lactate has long 
been recognized as having the capacity to act as a metabolic signal at the cellular, 
localized and whole-body level, either directly or through other metabolic regulators23.   
But the metabolites other than lactate appear to be better suited for this signaling 
function24.  This paper posits that lactate is the means by which the other metabolites that 
comprise Complex X are carried into the bloodstream and delivered to other parts of the 
body.  It’s Complex X as a whole, rather than the lactate alone, that performs the critical 
signaling functions.   
 
IV. Evolution and Complex X 

 
A. Introduction. 
 

 Conventional wisdom is that humans are almost purely aerobic organisms and 
that the brain is the most critical organ in the body.  Neurons, the cells that comprise most 
of the brain, are purely aerobic.   This paper asserts that Complex X is perhaps the most 
critical substance to human life.  Complex X is synthesized through anaerobic 
metabolism, primarily in skeletal muscle cells during intense exercise.  It seems 
incongruous that intense, anaerobic exercise should play such a critical role for brain-
centered aerobic organisms such as humans. 
 
 This Section offers an evolutionary explanation for this seeming incongruity.   
The answer lies not in human evolution, which is a very recent phenomenon, but rather in 
the evolution of the eukaryotic cell, which occurred over a billion years ago.  
 
 The first organisms on the planet were prokaryotes (single-celled organisms that 
lack a membrane-bound nucleus, mitochondria, or any other membrane-bound 
organelles).   These prokaryotes could create energy solely through anaerobic glycolysis.    
That fundamental biochemical process has not changed over the eons.  Anaerobic 
glycolysis is a relatively quick and powerful means of creating energy by metabolizing 
glucose.  It is considered inefficient because only a small amount of the glucose is 
actually converted into energy.  The remaining byproduct is Complex X.  Cells only 
obtained the ability to perform aerobic metabolism when mitochondria became part of the 
cell. 
 
 This paper suggests that the ancient predecessors to mitochondria were bacteria 
that invaded the anaerobic cell in order to feed off of the Complex X that was produced 
as a waste product of the anaerobic glycolysis process.  That Complex X allowed the 
mitochondrial ancestors to thrive and reproduce.  However, the two organisms (anaerobic 
cell and invading bacteria) were fundamentally incompatible.  Over hundreds of millions 
of years, only a single evolutionary pathway was successful in producing the single 
eukaryote (cell that has a membrane-bound nucleus, mitochondria and other membrane-
bound organelles) that is the origin of all multicellular animal life on the planet.    
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B. Mitochondrial Evolution. 

 
 There are two basic metabolic pathways – aerobic and anaerobic.  Skeletal muscle 
cells, the ones that generate Complex X, are inherently anaerobic.  They can and do 
generate energy through anaerobic metabolism in the cytoplasm of the cell.  It’s only 
through the addition of mitochondria that these cells can generate energy through aerobic 
processes. 
 
 The generally accepted hypothesis is that the ancestors of mitochondria were at 
one time separate free-living organisms that were similar to bacteria.  Well over a billion 
years ago, these organisms struck up a relationship with anaerobic cells that ultimately 
evolved into a very successful endosymbiotic relationship.   Endosymbiotic means that 
one organism (the mitochondria) lives inside the host cell (the anaerobic cell) in a 
relationship that benefits both parties. 
 
 This paper suggests that the ancient bacterial predecessors of mitochondria acted 
like bacteria.  They invaded the host cell in order to feed off of the Complex X that the 
host cell was creating whenever it consumed glucose.   Complex X is partially digested 
glucose – the broken down waste product would be far easier for the bacteria to digest.  
As was discussed in Section III, glucose molecules are too large to be utilized by 
mitochondria – they must first be broken down through the glycolytic process.  
 
 The evolutionary advantages conferred by having the two organisms work 
together were enormous.   The bacteria could consume the waste product (Complex X) 
produced from the host cell’s anaerobic glycolytic process.  The mitochondria would then 
utilize the Complex X to generate energy in a slow but efficient process.  Over time, 
through the evolutionary process, the host acquired the ability to utilize that energy while 
at rest.  The combined entity could both produce power quickly and utilize available 
resources efficiently.   All multicellular animal life on earth evolved from this 
endosymbiotic relationship.   
 
  But it wasn’t easy.  It took hundreds of millions of years for the simple anaerobic 
cell and the bacteria/mitochondria to work out their differences.  Some sources say that 
organisms with mitochondria began to appear as early as 2.2 billion years ago, while the 
first evidence of a fully integrated cell dates back only about 1.5 billion years.  Among 
the problems were that mitochondria, being bacteria, tend to consume whatever they can 
and reproduce exponentially.  That type of behavior would be very damaging to the host.   
 
 Over the eons there were gradual genetic changes in the bacteria/mitochondria 
that reduced the damage that the mitochondria inflicted on the host, and there were 
gradual genetic changes in the host cell that facilitated the two organisms working 
together.   The development of the eukaryotic cell (cell with a distinct nucleus that 
contains the cellular DNA) might well have been part of that process25.  In all of 
evolution, the pairing worked only once26.   All eukaryotes on earth have a common 
ancestor.  This doesn’t mean that the ancient anaerobic cell and bacteria got together only 
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once.  It has probably occurred millions or billions of times (and may still be occurring).  
It means that the series of evolutionary adaptations that ultimately allowed the organism 
(which consisted of two fundamentally incompatible organisms) to duplicate itself was so 
improbable that it has only occurred on a single pathway in the history of the planet27.  
The ancestral eukaryote dates back about 1.5 billion years.  By that point, the 
mitochondria was fully integrated into the cell, with much of the mitochondrial DNA 
contained within the cell’s nucleus. 
 
 Being able to duplicate itself isn’t the same as creating a multicellular organism.  
The first complex multicellular organisms didn’t begin to appear until about 600 million 
years ago.  Once the first complex multicellular organisms appeared, evolution 
progressed relatively quickly. Soon thereafter (relatively speaking – about 580 million 
years ago – only about 20 million years after the appearance of the first multicellular 
organisms), a remarkable amount of biological diversity appeared in an event called the 
Cambrian explosion.  Most modern forms of life can be traced back to this time period. 
 
 Originally, Complex X was both necessary and sufficient in order for the bacterial 
ancestors of mitochondria to reproduce.  Uncontrolled bacterial reproduction would have 
been damaging to the host cell, so part of the evolutionary process was establishing 
checks and balances to regulate that reproduction.  That evolutionary process, in which 
Complex X plays such a critical role, ultimately led to mitochondrial biogenesis in 
humans today.  So, for example, although mitochondria can and do use fatty acids as a 
primary fuel source when the body is at rest, that metabolic process does not result in 
mitochondrial biogenesis.  On the other hand, when the body shivers as a result of cold 
exposure, skeletal muscles are breaking down glycogen and producing Complex X, 
which is utilized by mitochondria as fuel, and that process does induce mitochondrial 
biogenesis.    
 
 C. Complex X as Master Gatekeeper and Coordinator of Growth Process.   
 
 All complex multicellular animal life on the planet can be traced back to a single 
eukaryotic ancestor.  Eukaryotic cells have distinct organelles within them that perform 
specific functions.  Mitochondria and the nucleus are two such organelles.  In order to 
regulate cellular functions, the organelles have membranes (double membranes in both 
cases) that separate them from the cytoplasm of the cell.  This separation allows for 
specific cellular functions to occur in specific compartments without interference.  Small 
molecules and ions can pass freely through the nuclear membrane.  The nuclear 
membrane is generally impermeable to large molecules.  However, there are nuclear 
pores that provide a channel through which larger molecules can pass, but only with the 
assistance of specific carrier proteins.   
 
 Mitochondria also have a double membrane.  The outer membrane is generally 
permeable, but the inner membrane is permeable to larger molecules only with the 
assistance of specific carriers.  Much of human biology is based on the same principal – 
regulation of various processes through membranes that can be permeated only with the 
assistance of specific carrier substances.  A similar process is signal transduction – an 
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extracellular signaling molecule activates a specific receptor located on a cell’s surface or 
inside the cell.   
 
 Evolution tends to be a tinkerer, not an architect.  It doesn’t design and build from 
scratch.   It works by adding available resources to existing structures.  During the 1.6 
billion year period that mitochondria were being integrated into the cell and the 
groundwork was being established to allow for complex multicellular life, evolution did 
not have a lot to work with.  The one resource that was constantly available was Complex 
X and its “scaffolds of amino acids, pyrimidine and purine nucleotides, saccharides, 
glycosyl phosphates and folic acids.”   These substances were available to form the 
original locks and keys (carrier/transfer molecules, signaling molecules and receptors) of 
the cells.  At the cellular level, these locks and keys helped control mitochondrial 
reproduction.  Similarly, uncontrolled growth of the organism could be dangerous.  So 
the same components of Complex X evolved into the master gatekeeper of overall 
organism growth.   
 
 Despite what modern humans may think in light of our sedentary lifestyles, the 
skeletal muscle system is the most fundamental system in the body.   Most of the other 
systems in the body evolved simply to serve the needs of the muscle cell during exercise. 
Recent studies have shown that “muscle myosin,” a key component of muscles and a 
specific form of myosin that is found only in muscle cells, probably evolved in 
unicellular organisms long before animals existed28.    
 
 The first complex multicellular animals were basically colonies of muscle cells.  
As more complex organisms developed, systems were added that performed specialized 
functions to support the original muscle system.   Evolving organisms needed to develop 
systems to coordinate control of those functions, provide feedback from the environment 
and maintain homeostasis.  In modern humans, those processes are handled chemically 
through the endocrine system and electrically through the central nervous system.   
However, the first complex multicellular organisms didn’t have brains or central nervous 
systems.  Before there was a central nervous system, there was the autonomic nervous 
system (ANS).  The first complex multicellular organisms didn’t have pituitary glands or 
endocrine systems.   The ancient chemical equivalent of the ANS were the muscles and 
Complex X. 
 
 Complex X provided the ongoing feedback and substances necessary for the body 
and its systems to adapt to the environment.  The critical message from the muscles to the 
other systems was “there is (or isn’t) sufficient energy available to develop further.”  If 
there was no Complex X circulating in the system, that meant that insufficient nutrients 
were available, and no growth should occur.  Whenever food (in the form of glucose) was 
available, glycolysis would occur in the muscles, and Complex X from the muscles 
would circulate to the other systems.  The basic message was that the environment is 
conducive to further growth.    
 
 From an evolutionary standpoint, the regulation of energy use is a critical issue.  
The Growth Process is very demanding from a metabolic standpoint.  The brain requires 



 21 

a steady supply of blood glucose.  If that flow is interrupted, the brain can go into shock.  
Thus muscle glycogen evolved as a system for storing glucose to be used to fuel the 
Growth Process.  The Growth Process is activated when sufficient muscle glycogen has 
been broken down into Complex X and circulates in the bloodstream.  That Complex X 
fuels the Growth Process throughout the body without tapping into blood glucose at the 
expense of the brain.   
 
 A second energy-related way in which Complex X acts as a gatekeeper is the 
following.   Energy (i.e., food) availability can be characterized as feast or famine, even 
for humans until quite recently in the evolutionary scheme.  During periods of famine 
(such as winter for many mammals), a survival mechanism was to horde energy by 
becoming inactive.  Thus, throughout evolutionary history, humans were active when 
there were sufficient resources available and inactive otherwise.  Activating the 
metabolically demanding Growth Process during periods of inactivity would be 
counterproductive.  As discussed in Section V, from an evolutionary perspective 
(evolution tends to be indifferent as to what happens to organisms after they survive long 
enough to procreate), an organism is either sufficiently active to raise blood levels of 
Complex X (feast) or the organism is inactive (famine). Thus, elevated levels of Complex 
X in the blood evolved into the gatekeeper or activator for the Growth Process.  
 
 In addition to acting as gatekeeper for the Growth Process, Complex X acts as the  
coordinator or regulator.  The Growth Process is inconsistent with homeostasis.  Thus, 
the body will seek to eliminate substances that are utilized in the Growth Process unless 
they are used relatively quickly.    In addition, there must be a means whereby the body 
produces the appropriate substances in the appropriate ratios.  The hormones, substances 
and processes that are involved in the Growth Process are typically activated by exercise 
in an intensity-dependent manner.  As will be discussed in Section V, a commonly used 
marker of exercise intensity is the amount of lactate/Complex X in the blood.  This paper 
posits that the other processes are actually being activated in a Complex X dependent 
manner.  This concept is discussed in greater detail in Section VII. 
 
 Through evolution, as more systems were added, the messages became more 
complex, and ultimately the central nervous system and the modern endocrine system 
were developed.  However, they did not supplant the ancient systems.  The ANS still 
controls a variety of critical human functions.  It’s connected to and in some ways 
incorporated into the central nervous system.  Similarly, Complex X still plays a critical 
role as the gatekeeper and regulator for the Growth Process in modern humans. 
 
V. Exercise and Complex X 
 

A. Introduction. 
 
For decades we’ve known that exercise is good for us.  We know that it reduces 

the risk of every chronic degenerative disease.  It also reduces the risk of every system 
disorder, makes us smarter and stronger and gives us more energy, etc.29  However, 
studies to date do not directly support the major premise of this paper – that a sufficient 
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amount of the right type of exercise will prevent FDS.  This Section will address exactly 
what is meant by the “right type of exercise,” and explain why studies to date have 
significantly understated the benefits of intense exercise. 

 
 Conventional thinking seems to be that endurance exercise strengthens the heart 
and the circulatory system, so maybe it’s good because it improves blood flow and 
circulation.  Perhaps it’s good because it might be helpful in losing weight and obesity is 
a risk factor for most illnesses.  Exercise is looked at as a useful intervention that is 
probably impracticable for most people, certainly for most aging patients.  People just 
don’t have the time to exercise, so there’s no point in exploring it further. 

 
 This paper takes a different approach.  A moderate amount of steady state 
exercise does benefit the heart, circulatory system and the working muscles.  But a much 
bigger benefit is conferred by even small amounts (in terms of time) of exercise that is 
intense enough to activate the Growth Process.   From a health standpoint, it’s not the 
exercise itself that is important, but rather the chemicals that are synthesized and 
processes that are activated as a result of the exercise. 

 
B. The Right Type of Exercise. 
 
The first step is to identify the “right type of exercise.”  In common parlance, the 

term “aerobics” has come to mean any type of exercise that involves running or its 
equivalent – swimming, cycling or spinning, walking, elliptical machines, etc.  It’s also 
referred to as “cardio” exercise.  “Aerobic” or “cardio” work is contrasted with exercise 
that is intended to work on muscle strength by pushing or pulling against resistance – 
weight lifting, calisthenics such as pushups or pull-ups, work with resistance bands, etc.   

 
This paper will focus on a different distinction.  The distinction here is based on 

intensity of effort.   The reason the intensity distinction is critical is that high intensity 
exercise is not just doing more of the same thing as low intensity exercise.  The 
distinction is qualitative rather than quantitative.  The key factor is creating Complex X 
in sufficient quantities that it raises the level of Complex X in the bloodstream, so that 
Complex X can be delivered to other organs and systems within the body, triggering 
mitochondrial biogenesis and the Growth Process.  

 
Complex X is comprised of lactate and the other metabolites of glycolysis.  It is 

presumed that when lactate enters the bloodstream it carries the other components of 
Complex X with it.  So, for purposes of this discussion, the terms lactate and Complex X 
will be used interchangeably.   

 
Even at rest, there is a small amount of lactate in the blood.  Red blood cells have 

no mitochondria; their sole energy source is anaerobic metabolism.  Red blood cells 
cannot use the lactate that is produced as a result of the anaerobic process, so that 
lactate30 is diffused into the blood stream.  
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Whenever a person moves (gets out of bed, stands up from a chair), the movement 
is initiated by anaerobic metabolism.  A very small amount of Complex X is created and 
is immediately utilized by the mitochondria in the muscles that generate the movement.   

 
At low levels of effort (walking), the primary source of fuel is blood lipids (fat).  

Energy in the skeletal muscles is created through aerobic metabolism in the 
mitochondria, and very little additional Complex X is created, all of which is utilized by 
the muscles doing the work.  From an evolutionary standpoint, walking and other low 
intensity movement is the equivalent of resting.  The absence of Complex X signals the 
body that no outside nutrients are available, growth is dangerous and that the body should 
hoard its energy supplies.  The Growth Process is not activated by “fat-burning” exercise. 

 
With increased effort (running, cycling and swimming, for example), additional 

muscle fibers are recruited and the primary fuel source becomes glucose in the form of 
glycogen.  Blood glucose is not a preferred source of fuel because the brain requires that 
blood glucose remains at a particular level.  If blood glucose exceeds that level, to the 
extent that there is unused storage capacity in the skeletal muscle cells, the excess 
glucose will move into the skeletal muscle cells and be stored as muscle glycogen. 

 
Physiologically, there is a clear distinction between the low level of exercise 

where lipids are the primary source of fuel and this steady state exercise where 
glycogen/glucose is the primary source of fuel.  At this level of effort, energy is created 
both anaerobically as glycogen is broken down in the cytoplasm, and aerobically as the 
lactate that is a byproduct of that anaerobic process is used as fuel by mitochondria in the 
skeletal muscle cells.  Any excess lactate will enter the circulatory system and be 
delivered to the heart.   Since lactate/Complex X is the preferred source of fuel for 
mitochondria in the skeletal muscles and the heart, those mitochondria will metabolize 
substantially all of the available Complex X so long as the intensity level does not 
increase beyond a certain level.  Thus, a trained athlete can maintain a moderately high 
level of effort for extended periods of time without lactate levels in the blood rising to 
any significant degree. 

 
In the fitness world, there is a well-recognized concept known as “lactate 

threshold.”   The lactate threshold goes by different names (e.g., “ventilatory threshold”); 
it varies from person to person, and for any given person it varies over the course of his 
or her lifetime.   Nonetheless, the correlation between blood lactate levels and levels of 
exercise intensity has been deemed to be strong enough that the measurement of blood 
lactate has long been used as marker of exercise intensity.31  Lactate threshold is the 
maximal effort that an athlete can maintain and still have no appreciable increase in blood 
lactate. At this level of effort, lactate levels in the blood remain constant, because any 
lactate that enters the bloodstream is metabolized in the heart.  Any increase in effort 
above this level will cause lactate levels in the blood to increase dramatically.   Going 
beyond the lactate threshold also leads to a dramatic increase in the amount of carbon 
dioxide in the blood32, which interrupts breathing patterns and results in short term 
exhaustion.  The subject is literally “out of breath.”  
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Thus, the “right type of exercise” is exercise that is intense enough that the 
subject is exercising above the lactate threshold.  Since exercising at that level of 
intensity almost immediately causes the subject to gasp for breath, high intensity exercise 
can typically be performed only in short intervals – thus high intensity interval training or 
HIIT.   HIIT involves exercising at near maximal levels for a short period of time, resting 
for a short period of time so that the subject can “catch his breath,” and then repeating the 
pattern.   

 
The amount of exercise required to exceed the lactate threshold varies greatly 

over the course of a person’s life, with a major determinant being the mitochondrial 
makeup of the person’s heart and working muscles.   For an infant, crying or attempting 
to crawl will be sufficient to activate the Growth Process.   In the absence of training or 
guidance, children will instinctively move with as much intensity as they can muster until 
they run out of breath, thus activating the Growth Process.  It’s adults who have a 
problem.  Non-athlete adults have relatively low lactate thresholds, but are constantly 
admonished to exercise moderately, which means at a level that does not cause them to 
gasp for breath.  Adults who exercise regularly also have a problem.   A primary, and 
intended, effect of exercise is to raise the lactate threshold.  As those persons age, even if 
they did engage in intense activity at a younger age, they tend to engage in only steady 
state exercise during the later stages of life.   Engaging in exercise at intensity levels 
below the lactate threshold will not activate the Growth Process. 

 
C. Steady State v. Intense Exercise. 

 
 Until recently, the only form of exercise that has been studied to any extent in 
connection with its health benefits has been steady state endurance exercise, where the 
subject is exercising at a level of effort below the lactate threshold.   This is the effort 
level used by all endurance athletes – distance runners, cyclists, swimmers, etc.  The 
primary goal of endurance exercise is maintaining a steady, moderate level of exercise for 
an extended period of time.  It does not activate the Growth Process, because it does not 
raise blood levels of Complex X.  Thus, steady state exercise is of benefit for the muscles 
doing the work (including the heart), and, as discussed in subsection D below, does 
convey tangential health benefits, but it does not otherwise directly slow FDS.   
 
 In order to perform traditional endurance exercises efficiently, one cannot raise 
blood lactate levels.   Raising blood lactate levels results in precious energy sources 
(lactate) being used by remote organs (brain, kidneys, etc.), and excessive stress on the 
respiratory system from the increased levels of carbon dioxide.  That’s good for 
rejuvenating the brain and kidneys but disastrous for athletic performance.  So steady 
state exercisers make a point of remaining below the lactate threshold -- the excess lactate 
produced when running, cycling or swimming is utilized by working muscles, including 
the heart, rather than circulating through the bloodstream.  Training induces 
mitochondrial biogenesis in the cells of those muscles and thus further increases the 
amount of lactate that can be utilized by those muscles (raising the lactate threshold).  By 
contrast, in exercises such as jumping, lifting heavy weights, or other intensive resistance 
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work involving white muscle fibers almost exclusively, substantially all of the lactate that 
is produced through the anaerobic glycolysis process enters the bloodstream.     
 

In nature, almost all movement involves bursts of intense exercise, which results 
in the creation of Complex X that then enters the bloodstream.  Wild animals typically 
will either rest or sprint to their destination. Children instinctively move the same way.   
It’s all or nothing.  In the absence of training, animals, including humans, do not pace 
themselves.  In nature, substantially all physical activity involves the creation of Complex 
X. 

 
 The following table summarizes the above discussion: 
 

Level Examples Fuel Complex X Nature 

Inactive Bed rest, 
Microgravity 

N/A None Injured or very 
ill33 

Light Initiating 
movement; 
Walking 

Lipids (Fat) Minimal 
(priming only) 

Rest, migration 

Steady State Running, 
swimming, 
cycling 

Glucose 
(Glycogen) and 
Lactate 

Some (working 
muscles and 
heart) 

Pack hunting 
(maybe) 

Intense Any exercise at 
intensity level 
that leaves 
subject out of 
breath 

Glucose 
(Glycogen) and 
Lactate 

Substantial 
(circulates 
through 
bloodstream) 

Playing, Fight 
or Flight 
(Hunting or 
being hunted) 

 
 Another significant point of this Section is that the effects of Complex X are 
localized.  In order for Complex X to activate the Growth Process, the intensity level 
must exceed the lactate threshold and raise the level of Complex X in the blood.   
Mitochondrial biogenesis acts in a similar fashion.  During intense exercise, blood flow is 
directed to various organs (and shunted away from other parts of the body), which allows 
for additional Complex X to reach those organs.  This results in targeted mitochondrial 
biogenesis (assuming exercise intensity sufficient to raise blood lactate levels). 
 
 The phenotypes of athletes provide a graphic illustration of the very specific 
effects of Complex X.  Steady state runners generate Complex X that is utilized in their 
leg muscles and heart.  Complex X induces mitochondrial biogenesis in the leg muscles 
and the heart.  Thus, runners have strong hearts and well-toned leg muscles.  Although 
having good muscle “tone,” the leg muscles of steady state runners do not increase in 
size, because, in the absence of substantial Complex X in the bloodstream, no human 
growth hormone (or other hormones necessary for muscle growth) is secreted by the 
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endocrine system.  That’s why old runners look like old runners – skinny legs and 
emaciated upper bodies.  Similarly, weight lifting or other resistance exercise will not 
increase muscle mass unless the subject is engaging in intense enough exercise to induce 
the Growth Process.   On the other hand, sprinters (whether runners or cyclists) generally 
have larger muscles (both upper and lower body) because they create sufficient plasma 
Complex X to invoke the Growth Process that results in muscle hypertrophy.  
 
 D. The “Training Effect” v. “Repair Process” v. “Growth Process”. 
 
 We are all familiar with the “Training Effect.”  When an athlete (or any person) 
exercises on a regular basis, or “trains,” the body adapts; he or she becomes stronger and 
faster.  We get better at whatever it is we do on a repetitive basis, because we “need” to.  
 
 In fact, the body adapts to training not because of need, but because the training 
activates a series of chemical reactions and other processes in the body.  One of the major 
flaws in the life sciences is resorting to the concept of “need” when explaining how a 
process that is related to exercise occurs.  The concept of necessity may relate to why a 
mutation gets passed on to succeeding generations.  If certain chemical processes result in 
a person becoming stronger and/or faster (a series of mutations that results in that effect 
would presumably be beneficial to the survival of the organism) those adaptations/ 
processes are more likely to be passed down to succeeding generations.   But there is no 
direct correlation between getting faster and stronger and the need to get faster and 
stronger.  Thus, because exercise activates a series of chemical reactions and processes, 
exercise can confer health benefits that extend far beyond the Training Effect.  And not 
all exercise confers all of the benefits that one might expect34. 
 
 Steady state running is probably the most frequently cited form of exercise as it 
relates to health benefits.  Many of those benefits are unrelated to the Training Effect.  
For example, studies consistently show that steady state running reduces the risk of 
macular degeneration, an aging-associated eye disorder characterized by blood flow 
problems.  A likely explanation for the link is that in response to steady state running the 
body raises blood levels of vascular endothelial growth factor (VEGF), a signal protein 
that stimulates blood vessel genesis and repair.  Repairing damage to the vessels that 
supply blood to the eye is likely to reduce the risk of macular degeneration, but is 
completely unrelated to the “need” to be able to run better.  Similarly, running and 
similar steady state exercise has been shown to benefit brain function, presumably 
because of the improved blood flow associated with steady state exercise.  Those benefits 
are also unrelated to any need to run better. 
 
 The mechanisms whereby steady state exercise conveys health benefits are 
different from the mechanisms whereby intense exercise conveys health benefits35.   With 
steady state exercise, it appears that most of the effects are the result of the body (often 
the skeletal muscles themselves) secreting chemicals or activating processes that repair 
the damage done by the activity itself.  The chemical changes invoked by exercising at 
above the lactate threshold are primarily the result of Complex X activating the Growth 
Process.  
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 The Training Effect can be viewed as a subset of the Repair Process and/or the 
Growth Process.  For example, people who attempt to get stronger by lifting weights, but 
who do not engage in intense exercise (and thus do not activate the Growth Process), will 
get somewhat stronger, and they will slow the atrophy of their muscles, but their muscles 
will not get larger.  However, by combining weightlifting with intense exercise or lifting 
weights in a manner that raises blood levels of lactate, the athlete will activate the release 
of all of the substances necessary to build larger muscles. 
 
 Note that both steady state exercise (so long as it is performed at intensity levels 
that involve the use of muscle glycogen, rather than lipids, as the primary fuel source) 
and intense exercise induce mitochondrial biogenesis.  The distinction is that when 
performing steady state exercise, the mitochondrial biogenesis is restricted to the working 
muscles (including the heart), whereas with more intense exercise (above the lactate 
threshold) mitochondrial biogenesis is induced throughout all of the organs and systems 
in the body. 
 
 E. Complex X Synthesis Without Exercise. 
 
 A critical tenet of this paper is that the primary benefits of intense exercise result 
from the presence of elevated levels of Complex X in the bloodstream, rather than muscle 
contractions or some other feature of exercise.  In other words, Complex X will initiate 
the Growth Process and induce mitochondrial biogenesis, with or without the exercise.  
Section VI.B below describes how shivering synthesizes Complex X, and thus cold 
exposure induces mitochondrial biogenesis without exercise.  This subsection will briefly 
discuss two other examples of the body creating Complex X without exercise.   
 

1. Fetal Development.  This paper posits that growth in general, and 
mitochondrial biogenesis in particular, result from elevated levels of Complex X in the 
bloodstream.  For humans, the greatest period of growth and mitochondrial biogenesis is 
during the fetal stage.  A fetus cannot engage in the type of intense exercise that is 
necessary to synthesize Complex X.  The blood of the mother and the fetus never mix.  
So even if the mother did engage in intense exercise, the Complex X could not pass from 
the mother’s bloodstream to the fetus.  So neither the mother nor the fetus can synthesize 
the Complex X that is necessary to induce growth and development in the fetus.  
 
 Nevertheless, the fetus is provided with an ample supply of Complex X.  For 
these purposes, the placenta plays the role of the cytoplasm of the skeletal muscle cell.  
The placenta has stores of glycogen.  Historically, it was believed that the role of 
placental glycogen was similar to that of liver glycogen – a means of storing glucose in 
case of emergency.   More recent thinking is that placental glycogen functions much 
more like skeletal muscle glycogen.  Rather than being a possible nutrition source, its 
sole role is to be metabolized.  The glycogen is metabolized in the placenta, and the 
Complex X that is produced as a result of that anaerobic glycolysis enters the blood 
stream of the fetus and the mother.  Commentators have noted that there is no apparent 
need for the fetus to be provided lactate as fuel in this fashion36.  There are ample 
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alternative sources of fuel for the fetus (both from the mother and glucose that the fetus 
can store).  This paper posits that the Complex X produced by the placenta is necessary in 
order to initiate and regulate the Growth Process in the fetus. 
 
  2. Hyperlactatemia.  Critically ill patients frequently exhibit the 
presence of excess lactate (hyperlactatemia).  Hyperlactatemia has been shown to be an 
independent predictor of mortality in different groups of critically ill patients, such as 
those with sepsis.37  Historically, the inclination was to blame the excess lactate for the 
organ failure.  More recent studies have shown that rather than being a cause of acute 
illness, hyperlactatemia is the body’s adaptive or protective response to acute illness.38  In 
other words, when an organ or system is failing, the body attempts to save it by flooding 
it with Complex X.  This paper would suggest that hyperlactatemia is the body’s effort to 
facilitate recovery by inducing mitochondrial biogenesis39 and/or stimulating the Growth 
Process. 
 
VI. Complex X and Mitochondrial Health 
 
 This paper posits that (i) one of the major causes of FDS is mitochondrial 
dysfunction; (ii) mitochondrial dysfunction is caused by insufficient mitochondrial 
turnover, which in turn is caused by insufficient mitochondrial biogenesis; and (iii) 
mitochondrial biogenesis is induced by mitochondria using Complex X as a fuel source, 
and by no other stimulus.  These concepts will be discussed in this Section. 
  
 A. Mitochondrial Dysfunction and Progressive Dysfunctionality. 
 
 For almost fifty years, the prevailing theory of aging has been the Mitochondrial 
Free Radical Theory of Aging (MFRTA).   Per the MFRTA, mitochondrial metabolism 
results in the production of reactive oxygen species (ROS), which can cause oxidative 
damage to mitochondria.  Damaged mitochondria then produce additional ROS and a 
vicious circle is created that ultimately results in cellular death, or aptosis.  Per the 
MFRTA, the long-term ROS damage to mitochondria is responsible for aging and 
chronic degenerative diseases. 
 
 The MFRTA has been extensively studied.  Studies generally support the theory 
that mitochondrial dysfunction is responsible for many of the effects of aging, rather than 
aging inevitably causing mitochondrial dysfunction40.  For example, animal and human 
data consistently show that skeletal muscle mitochondria are altered in aging.  These 
alterations include increased mutations in mitochondrial DNA, decreased expression of 
some mitochondrial proteins, reduced enzyme activity, reduced mitochondrial respiratory 
capacity and reduced number of mitochondria.  These mitochondrial alterations 
eventually lead to net muscle fiber loss and ultimately result in age-associated sarcopenia 
(muscle atrophy). 
 
 Similarly, mitochondrial dysfunction has been implicated in all human 
pathologies associated with metabolism.  Since mitochondria are the power plants of all 
human cells, it makes sense that aging is associated with a decline in mitochondrial 
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function.   In a universe where there is limited mitochondrial turnover, damaged 
mitochondria will ultimately lead to cellular progressive dysfunctionality.  The key factor 
in mitochondrial turnover is mitochondrial biogenesis, and that is induced only through 
Complex X.  Since all adult humans suffer from Complex X deficiency, ROS does appear 
inevitably to result in cellular progressive dysfunctionality/aging. 
 
 However, there is a substantial body of evidence to the effect that ROS is not the 
primary cause of mitochondrial dysfunction41.  In the ordinary course, mitochondria 
malfunction and die from a number of causes, including ROS42.  Take the example of a 
lower leg being confined in a hard cast for an extended period of time.  When the cast is 
removed, the calf shows a remarkable amount of atrophy.  Disuse of the muscle has 
resulted in a loss of mitochondria and impaired mitochondrial function.  The 
mitochondrial dysfunction has resulted in the death of muscle cells and the atrophy of the 
calf muscles.  Studies confirm that the muscular atrophy is a result of the reduction in 
mitochondria and mitochondrial capacity, rather than vice versa 43.   The calf has “aged” 
20 or 30 years in a matter of weeks.  This aging is too extreme to have been caused by 
normal ROS.  And it is completely reversible once the calf is used again.  With exercise, 
Complex X is synthesized, damaged mitochondria are removed and healthy new 
mitochondria are generated – FDS and mitochondrial dysfunction have been reversed. 

 
B. Mitochondrial Turnover. 
 
The critical issue is not avoiding mitochondrial damage, but ensuring that there is 

adequate mitochondrial turnover.  Turnover is the combination of selective elimination of 
damaged mitochondria (through fission and mitophagy), and reproduction of healthy new 
mitochondria (mitochondrial biogenesis). 
 
 Mitochondrial fission is the splitting of one mitochondria into two.  It differs from 
biogenesis in that fission is a process for separating out the damaged portion of a 
mitochondrion from the healthy portion.  The damaged part of the mitochondrion is then 
selectively eliminated through the mitophagy process.  Studies have shown that the 
mitophagy process selectively isolates and eliminates dysfunctional mitochondria44.  
These studies further confirm that selective mitophagy can eliminate all of the negative 
consequences of the damage caused to mitochondria by normal ROS. 

 
The key is mitochondrial biogenesis.  The prevailing theory is that mitochondrial 

biogenesis is induced by environmental stress or need, with the examples being severe 
caloric restriction, fetal development, exposure to cold and exercise.   This paper posits 
that mitochondrial biogenesis is induced by mitochondria consuming Complex X as fuel, 
and by no other stimulus.   

 
Recent studies have disproven the belief that caloric restriction induces 

mitochondrial biogenesis45.   As discussed in Section V.D.1 above, a fetus is provided 
with ample amounts of Complex X through the placenta.  So the only remaining 
recognized triggers of mitochondrial biogenesis are cold exposure and exercise.   
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When a person is exposed to cold, the person shivers.  Shivering involves muscle 
contractions, utilizing glycogen as the fuel46.  In other words, when a person shivers, 
skeletal muscles break down glycogen into Complex X through anaerobic glycolysis, and 
that Complex X is then used as fuel by the mitochondria in those skeletal muscles.  It is 
that use of Complex X as fuel by the mitochondria, and not the stress of cold exposure, 
that induces mitochondrial biogenesis.   

 
Exercise has long been recognized as inducing mitochondrial biogenesis.  One of 

the well-known benefits/adaptations to running or any other form of steady state exercise 
is the increase in the number and activity of the mitochondria in the involved muscles and 
in the heart.  The mitochondrial biogenesis that is induced by exercise has generally been 
ascribed to “need” or “stress”, rather than the presence of any particular chemical. 

 
This paper posits that mitochondrial biogenesis is induced when mitochondria 

consume Complex X.   Rather than responding to stress or need in some fashion, the 
mitochondria are acting like bacteria – they expand in size and then divide when they 
have sufficient nutrients. Complex X is the necessary nutrient.  As was discussed in 
Section IV, from an evolutionary perspective, regulating overproduction of mitochondria 
was probably the bigger problem.   One evolutionary solution to that problem is that 
certain chemical processes that are essential for mitochondrial biogenesis are triggered 
only by the presence of Complex X in the cell47.   Thus, even though mitochondria can 
and do metabolize fatty acids, that process does not induce mitochondrial biogenesis.  

 
The following example further illustrates that mitochondrial biogenesis is 

triggered by the consumption of Complex X as opposed to need or stress.  Studies 
confirm that intense anaerobic exercise, such as weightlifting or jumping48, utilizing only 
white muscles that have very few mitochondria, is as effective in inducing mitochondrial 
biogenesis as is steady state aerobic exercise.  In fact, when repeated over time, intense 
weightlifting will result in some of the white muscle fibers converting into pink muscle 
fibers (pink muscle fibers have more mitochondria, myoglobin and capillaries than white 
muscle fibers).  That’s because although the white muscle fibers have very few 
mitochondria to start with, and very little access to oxygen (no myoglobin or capillaries), 
the mitochondria will undergo biogenesis if Complex X is available, regardless of any 
“need” of those muscles to perform aerobic metabolism.    

 
Recently, there has been an enormous amount of research relating to particular 

substances involved in the mitochondrial biogenesis process.  For example, Peroxisome 
proliferative activated receptor-γ coactivator 1α (PGC-1α) has received a good deal of 
attention as being an important intracellular mediator of mitochondrial biogenesis.  This 
paper is in no way inconsistent with this research.  This paper merely posits that the 
mechanism whereby exercise triggers all of the other chemicals involved in the 
mitochondrial biogenesis process is the consumption of Complex X by the mitochondria.  
For example, AMP-activated kinase (AMPK) is recognized as the most crucial activator 
of PGC-1α.  AMPK is activated by exercise, in an intensity-dependent manner49. 

 
C. Localized Effect of Complex X on Mitochondrial Biogenesis. 
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 Exercise has long been recognized as increasing the number and activity of the 
mitochondria in the involved muscles.   When an athlete runs, Complex X is synthesized 
which is then used as fuel by the mitochondria in the leg muscles, which in turn induces 
mitochondrial biogenesis in those muscles.  Thus, for example, even older runners can 
have good muscle tone in their leg muscles.  However, many of the body’s specialized 
cells, including heart muscle cells and brain neurons, appear to have little or no ability to 
synthesize Complex X on their own.  Thus, those organs and related systems will suffer 
from FDS unless they receive Complex X from the skeletal muscle system.   The heart is 
in a preferred position, because any excess Complex X that escapes the working muscles 
first goes to the heart.  Thus steady state exercise is beneficial for that organ.  However, 
the mitochondria in the heart are “lactate junkies” and will consume as much Complex X 
as they can.  Complex X will be provided to the remote organs only when the exercise 
intensity level exceeds the lactate threshold and some of the Complex X escapes the heart 
and is circulated throughout the body.  
 
 One extreme example of the consequences of no Complex X being formed is the 
experience of the initial astronauts who spent time in microgravity on the space station.  
They suffered a substantial amount of muscle atrophy and osteoporosis.  That’s 
consistent with the theory that muscles that aren’t being used will suffer mitochondrial 
dysfunction.  So later astronauts spending time on the space station engaged in exercises 
specifically designed to correct these problems.  They were somewhat successful.  One 
particular area in which the exercise regime failed is with respect to the soleus muscle.  
The soleus muscle is the part of the calf muscle that has little to do with running or 
jumping and is almost exclusively involved in balance and correcting for the effects of 
gravity.  No matter what types of exercise the astronauts attempted, while in space, they 
were unable to cause the soleus muscle to create Complex X.  And, since no animal on 
earth has ever been free from the effects of gravity, the body’s pecking order for 
distributing Complex X that is in the bloodstream does not include the soleus muscle.   
Even the most diligent exercisers among the astronauts came back with badly atrophied 
soleus muscles. 
 
 This paper posits that only by exercising at intensity levels above the lactate 
threshold will sufficient Complex X be circulated through the bloodstream to induce 
mitochondrial biogenesis in remote organs and systems.  Since substantially all adult 
humans engage in little or no exercise of that intensity, those remote organs suffer from 
Complex X deficiency.  That Complex X deficiency results in inadequate mitochondrial 
turnover and thus FDS.  Although there is a significant amount of support for the theory 
that steady state exercise causes mitochondrial biogenesis in the muscles being exercised, 
there has been very little study on whether intense exercise induces mitochondrial 
biogenesis in remote organs.  However, at least one recent study concluded that 
sufficiently intense exercise triggers mitochondrial biogenesis in the brain50.  

 
VII. Complex X and the Growth Process 
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 It has long been recognized that intense exercise induces the secretion of a 
number of critical hormones and other substances, either directly or indirectly51.   We 
also know that when a human engages in intense exercise on a regular basis, his or her 
body obviously adapts -- muscles get bigger and stronger, lung capacity increases, bones 
get stronger, the heart gets stronger, and mitochondria increase in numbers and activity.  
This paper posits that the visible physical adaptations are the result of the chemical 
processes rather than “need” or simply the Training Effect.  As will be discussed later in 
this Section, the substances that are secreted as a result of intense exercise also promote 
growth and health in every organ and system in the body.  This paper posits that Complex 
X triggers and regulates the release of all of these substances and that these substances 
act simultaneously in a coordinated and interdependent process -- the “Growth Process.” 
   
 A. Homeostasis and the Growth Process. 
 
 Homeostasis is critical to the health of all organisms.  It is the process whereby an 
organism regulates various internal processes to maintain a relatively stable and constant 
internal environment (equilibrium).   Internal and external stimuli can disrupt 
homeostasis; an organism is constantly responding in an attempt to regain that 
equilibrium.  Homeostatic processes act at the level of the cell, the tissue, and the organ, 
as well as for the organism as a whole.  An organism is in a state of constant flux moving 
about a homeostatic equilibrium point.  Factors causing an organism’s condition to 
diverge too far from homeostasis, or causing that divergence to persist for an extended 
period of time, can be experienced as stress. 
 
 In the absence of the Growth Process, the forces of atrophy cause the slow 
progressive decline in a human’s homeostatic equilibrium point.  That point will slide 
further and further away from the subject’s optimal genetic potential.  Periodically 
inducing the Growth Process ratchets the equilibrium point back in the direction of the 
subject’s optimal genetic potential.   
 
 Intense exercise causes significant deviations from homeostatic equilibrium in an 
intensity dependent manner52.  Some of the body’s responses to these deviations are quite 
obvious – sweating, gasping for breath, etc.  The body’s internal chemistry also deviates 
substantially from equilibrium – producing enormous loads of free radicals and creating 
electrolyte and acid-base imbalances53.  The body's response to intense exercise is 
characterized by systemic efforts to compensate for these challenges and to regain 
homeostatic equilibrium. 
 
 As was discussed in Section V above, humans can sustain steady state exercise at 
intensity levels just below the lactate threshold for extended periods of time without 
causing any significant deviations from homeostatic equilibrium.   But a relatively slight 
increase in exercise intensity, to a level above the lactate threshold, causes significant 
deviations from homeostatic equilibrium.  This paper posits that the body’s extreme 
reaction to exercise at intensity levels above the lactate threshold is caused not by the 
increase in exercise intensity per se, but rather by the fact that the increase in blood levels 
of Complex X activates the Growth Process.   The Growth Process itself is the cause of 
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the disproportionate deviation from homeostatic equilibrium that results from the slight 
increase in exercise intensity.  
 
 It is generally accepted that an athlete is “out of breath” during and following 
intense exercise because the needs of the working muscles for oxygen are so great.  As 
was discussed in Section V above, once the lactate threshold is exceeded, blood levels of 
lactate rise dramatically, and that rise is accompanied by a dramatic rise in levels of 
carbon dioxide.  It’s the carbon dioxide that causes the gasping for breath.  The carbon 
dioxide is a byproduct of aerobic metabolism.  However, when doing intensive 
weightlifting (for example), the working muscles are utilizing little or no oxygen.  The 
energy for the working muscles is being produced almost exclusively through anaerobic 
metabolism.  Yet an athlete who engages in intensive weightlifting (multiple repetitions 
with little or no recovery period), like any athlete who exercises above the lactate 
threshold, will experience the same spike in carbon dioxide (and resulting gasping for 
breath) that can be caused only by a dramatic increase in aerobic metabolism.     
 
 This paper explains this phenomenon as follows.  During intense exercise, most of 
the Complex X that is produced enters the bloodstream.  Some Complex X is utilized by 
the heart, and the remainder is circulated throughout the body. The Complex X is 
metabolized aerobically by the heart and the other remote organs.  As was discussed in 
Section VI, the metabolism of the Complex X in the remote organs induces mitochondrial 
biogenesis in those organs.  As will be discussed further in this Section, the increased 
Complex X in the blood triggers the release of a cascade of hormones and other 
chemicals that work together to promote growth and revitalization of all organs and 
systems in the body.   The presence of many of those other hormones and chemicals is 
inconsistent with homeostatic equilibrium, so they must perform their functions quickly 
before the body degrades them in its efforts to restore homeostasis.  Thus, the Growth 
Process must occur quickly, in a coordinated fashion, and it requires a lot of energy.   The 
remote organs generate this extra energy through the aerobic metabolism of Complex X.   
That process generates the carbon dioxide that puts the added stress on the respiratory 
system. 
 

It may seem incongruous that the Growth Process, which puts the body under 
stress, occurs simultaneously, or immediately after, intense exercise, which also causes 
the body stress.   As noted above, however, it’s most likely the Growth Process, rather 
than the intense exercise, that causes most of the extreme reaction.  Also, most of what 
we know about intense exercise involves subjects performing the exercise to the point of 
exhaustion.  In the wild, most animals move with intensity (and create some Complex X) 
whenever they move, but rarely, if ever, continue the intense exercise to the point of 
exhaustion.  Human children instinctively exhibit the same behavior – frequently moving 
with as much energy as they can muster.  It’s likely that before human civilization 
allowed for humans to live a life of leisure, all animals, including the ancestors of 
humans, activated the Growth Process multiple times per day.   It’s due to time 
constraints, hygiene issues (the need to shower after sweating), and other modern 
concerns that we now think of exercise as something that can be done only one time per 
day. 
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B. Particular Substances Involved in the Growth Process. 
 
Of the dozens of substances induced by intense exercise54, two will be discussed 

in some detail.  The first is human growth hormone, or HGH.   Among other functions, 
HGH is considered necessary for the building of muscle mass.  The conventional 
paradigm is that humans lose the ability to synthesize and secrete HGH, and thus lose the 
ability to add muscle mass, as a natural and inevitable consequence of aging.   A second 
critical substance is brain-derived neurotrophic factor, or BDNF.  BDNF is associated 
with brain function.  Low levels of BDNF are observed in a variety of aging-associated 
brain disorders, including cognitive decline, depression, dementia, and Alzheimer’s 
disease.    

 
The purpose in discussing HGH and BDNF is to illustrate support for the 

following key tenets of this paper: 
 

(i) The Growth Process is a coordinated process rather than a series of 
isolated events.  The Growth Process occurs only in a relatively short period of 
time during and immediately following intense exercise.   Observations tending to 
support this tenet are (a) HGH is associated with multiple growth-related 
functions, not just muscle growth; (b) HGH does not function on its own – other 
substances are necessary for the proper functioning of HGH; and (c) many of the 
substances involved in the Growth Process, including HGH and BDNF, may 
cause adverse side effects if introduced in isolation and/or they remain in the 
system for an extended period of time without being metabolized; 

 
(ii) The mechanism whereby intense exercise activates the Growth 

Process is the presence of elevated levels of Complex X in the bloodstream.   
Observations tending to support this tenet are: (a) the secretion of both HGH and 
BDNF is induced by exercise in an intensity dependent manner55; and (b) subjects 
who cannot produce lactate cannot induce the secretion of HGH through exercise; 
and   

 
(iii) Complex X acts as both the master gatekeeper and coordinator of 

the Growth Process by regulating the amount and extent of the other hormones 
and processes.  Observations tending to support this tenet are (a) moderate 
exercise does not induce the secretion of HGH or BDNF, whereas exercise at 
intensity levels above the lactate threshold does; and (b) during intense exercise, 
the increase in serum levels of BDNF correlates with the increase in serum levels 
of lactate. 
 

  1. Human Growth Hormone. 
 
 Human growth hormone (HGH) is a peptide hormone that stimulates growth, cell 
reproduction and regeneration in humans and other animals. It is synthesized, stored, and 
secreted by the anterior pituitary gland.  Many effects on the body are attributed to HGH, 
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including increased muscle mass.56  HGH also plays a role in homeostasis.  Decreased 
levels of HGH have long been associated with aging.  The conventional paradigm is that 
humans lose the ability to synthesize and secrete HGH, and thus lose the ability to add 
muscle mass, as a natural and inevitable consequence of aging.  
 
 This paper posits that the decreased ability to synthesize and secrete HGH is just 
another symptom of Complex X deficiency.  Significant in this regard is the fact that 
studies consistently show that the secretion of HGH is induced by exercise in an intensity 
dependent manner, and that elevated levels of blood lactate are associated with that 
secretion.    
 
 In addition to building muscle mass, other effects on the body attributed to HGH 
include (i) increased calcium retention, and thus increased mineralization of bone; (ii) 
stimulation in the growth of all internal organs other than the brain; and (iii) stimulation 
of the immune system.  This paper posits that all of these processes take place 
simultaneously as part of the Growth Process.  
 
 HGH is necessary, but not sufficient, for building muscle mass.  Among the other 
substances necessary to build muscle mass are certain steroids or sex hormones.  Intense 
exercise has been associated with the secretion of these substances.  The presence of 
HGH, or steroids, in the absence of the other substances involved in the Growth Process 
can have adverse side effects57. 
 
 The long-recognized process whereby the secretion of HGH is induced by 
exercise is known as “Exercise-Induced Human Growth Hormone Response” or EIGR.  
This paper posits that the secretion of HGH is induced by the increased levels of 
Complex X in the blood stream.  One recent study demonstrated that EIGR could not be 
induced in subjects who could not produce lactate.  The study concluded that, consistent 
with this paper, it’s not just the exercise, but specifically the increased levels of lactate in 
the blood, that induces EIGR58.  
 
 One contradictory observation with respect to EIGR should be noted.  At least one 
study has concluded that even when involved in an intense exercise program that does 
induce EIGR in younger subjects, untrained older subjects do not exhibit EIGR.   That 
study would appear to confirm the current paradigm that older subjects simply lose the 
ability to secrete HGH as an inevitable consequence of age.  This paper would resolve the 
contradiction by attributing it to the limited duration of such studies.  Embarking on a 
program that includes intense exercise on a consistent basis will halt the progress of FDS 
and, over time, will reverse most of the adverse effects of FDS.  However, the Growth 
Process itself is a bodily function that is adversely affected by FDS.  Specifically, the 
pituitary gland, which produces HGH, loses functionality as FDS progresses.  The more 
acute the FDS is, the longer it will take to reverse the adverse effects.  Most older 
subjects have been suffering from Complex X deficiency for many years, and thus it will 
take an extended period of time for most older subjects to restore their ability to exhibit 
EIGR.  There is substantial anecdotal evidence to the effect that humans in their 50s and 
60s who do engage in a long-term program of intense exercise can and do increase 
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muscle mass (thus implying EIGR) and the functionality of the skeletal muscle system 
generally. 
 
  2. Brain-Derived Neurotrophic Factor. 
 
 A critical driving force behind neural plasticity (and therefore overall cognitive 
function) is a protein called brain-derived neurotrophic factor, or BDNF.  BDNF acts 
upon areas of the brain involved in learning, memory, and higher-order thinking to 
stimulate genesis of new neurons, survival of existing neurons, and synaptic adaptation.   
Low levels of BDNF are observed in a variety of brain disorders, including cognitive 
decline, depression, dementia, and Alzheimer’s disease.  Studies show that intense 
exercise generally, and serum BDNF in particular, have a beneficial effect on brain 
function.   
 
 Numerous studies have demonstrated that exercise induces intensity-dependent 
increases in blood levels of BDNF in humans59.  Although the brain is also a significant 
source of BDNF, these studies support the notion that during intense exercise, BDNF is 
secreted from other areas of the body, enters the bloodstream and is then utilized by the 
brain.  Short bouts of intense exercise (above the lactate threshold) significantly increase 
serum BDNF whereas bouts of moderate exercise do not typically show a significant 
effect on serum BDNF.  Of particular relevance to this paper is a study that showed a 
correlation between changes in serum levels of BDNF and changes in serum levels of 
lactate.60  The correlation between levels of lactate/Complex X and levels of BDNF 
would tend to support the proposition that Complex X acts as a regulator of the other 
substances involved in the Growth Process. 
 
  3. Other Substances. 
 
 This paper has made reference to a number of other substances that are activated 
in conjunction with the Growth Process.  This subsection will mention just a few of the 
other substances that have been shown to be activated by exercise in an intensity 
dependent manner, and thus are part of the Growth Process. 
 
 In recent years, stem cells have garnered a great deal of attention for their 
potential applications to regenerative medicine.  Stem cells are undifferentiated cells that 
can self-renew and turn into a multitude of other types of cells.   Stem cells that are 
obtained from embryos are completely undifferentiated so they can be adapted to any 
purpose.  Adults also produce stem cells.  Adult stem cells are already somewhat 
specialized and thus have limited differentiation potential.  However, they do play a 
significant role in human repair processes. 
 
 Two well-studied types of adult stem cells are hematopoietic stem cells (HSCs) 
and mesenchymal stem cells (MSCs).  One particular type of HSC, CD34+ has been 
clinically applied to treat various diseases including spinal cord injury, liver cirrhosis, and 
peripheral vascular disease.  Several studies have shown that exercise increases the 
amount of CD34+ stem cells that are circulating in the blood61.  One recent study 
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specifically found that intense exercise, as measured by lactate concentration in blood, 
was substantially more effective at raising levels of circulating CD34+ stem cells than 
was steady state exercise62. 
 
 MSCs can differentiate into a variety of cell types including bone cells, cartilage 
cells, muscle cells and fat cells.  Injection of MSC has been clinically applied to treat a 
variety of diseases including acute myocardial ischemia, stroke, liver cirrhosis, 
amyotrophic lateral sclerosis, and graft-versus-host-disease (GVHD)63.  Studies have 
shown that MSCs are also activated by exercise64. 
 
 Progenitor cells are cells that, like stem cells, have the ability to differentiate into 
a specific type of cell, but are already more specific than a stem cell.  Progenitor cells are 
found in adult organisms and they act as a repair system for the body. They replenish 
special cells, but also maintain the blood, skin and intestinal tissues.  The majority of 
progenitor cells lie dormant or possess little activity in the tissue in which they reside. 
Their main role is to replace cells lost by normal attrition. In case of tissue injury, 
damaged or dead cells, progenitor cells can be activated.  Progenitor cells are activated by 
intense exercise65.   
 
 Two other important growth factors that are upregulated by intense exercise are 
hepatocyte growth factor/scatter factor (HGF/SF) and vascular endothelial growth factor 
(VEGF)66.  HGF/SF is a paracrine cellular growth, motility and morphogenic factor that 
has been shown to have a major role in embryonic organ development, specifically in 
myogenesis, in adult organ regeneration and in wound healing.  VEGF is a signal protein 
produced by cells that stimulates vasculogenesis and angiogenesis. VEGF's normal 
functions include creating new blood vessels during embryonic development, new blood 
vessels after injury, muscle following exercise, and new vessels (collateral circulation) to 
bypass blocked vessels. 
 
 One final aspect of the Growth Process will be mentioned here.  One of the many 
hypotheses regarding aging relates to a concept known as the "Hayflick Limit."  The 
concept states that a normal human cell can only replicate and divide a finite number of 
times before it cannot divide anymore (the Hayflick Limit), and will then break down and 
die, thus establishing a preprogrammed limit at which an organism must die.  That's 
because every time a cell divides its telomeres get shorter.   Shortened telomeres are 
associated with a number of age-related diseases.  An enzyme called telomerase helps 
protect telomeres.  Intense exercise activates telomerase and has been shown to lengthen 
telomeres67.  Thus, telomere shortening is merely another aspect of FDS.  It is caused by 
Complex X deficiency and can be remedied by correcting that deficiency. 
 
VIII. Complex X and Brain Function 
 

A. Introduction. 
 
 This paper posits that Complex X is essential to the proper development and 
functioning of every system in the human body.  All adult humans suffer from Complex 
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X deficiency, and the result of that deficiency is the disorder known as progressive 
dysfunctionality or FDS.   The specific mechanisms of FDS resulting from Complex X 
deficiency are mitochondrial dysfunction and a disruption of the Growth Process.  This 
Section will focus on the effects of Complex X deficiency on brain function.  Complex X 
has been critical for life since the dawn of evolution, whereas the brain arose relatively 
late in the evolutionary scheme.  Neurons in the brain are purely aerobic cells.  If humans 
have evolved to the point where Complex X no longer plays a critical role, then brain 
function is one area in which that evolutionary development should appear.  

 
In fact, as will be discussed in this section, Complex X is critical for brain 

function.  Just as with respect to every other system in the human body, Complex X 
deficiency causes the brain to manifest the three features that characterize FDS – (i) 
physiological deterioration causes functional decline (memory loss, cognitive decline 
generally); (ii) with the passage of time, the progression of the physical deterioration 
leads to chronic degenerative disease (dementia); and (iii) the incurable chronic 
degenerative disease ultimately results in death.   Those features result in part from 
mitochondrial dysfunction, and studies show that Complex X (or, at least, the intense 
exercise that raises the levels of Complex X in the bloodstream) induces mitochondrial 
biogenesis in the brain.  Brain aging is also caused by a disruption in the Growth Process.  
As was discussed in Section VII, blood levels of BDNF are regulated by Complex X.  In 
addition, recent studies have concluded that lactate, a key component of Complex X, 
plays a number of roles in brain function – it plays an essential role in higher cognitive 
functions and memory formation.  Moreover, it acts as a signaling hormone for a number 
of brain functions, including stimulating the release of norepinephrine. 

 
B. Brain Aging. 
 
The typical aging process is characterized by a decline in function across multiple 

physiological domains, including cognition.  Some aspects of age-related cognitive 
decline begin in healthy educated adults when they are in their 20s and 30s68.    The 
cognitive decline occurs in tandem with a deterioration of the biological framework that 
underlies the ability to think and reason.  The physiological deterioration includes a drop 
in regional brain volume, loss of myelin integrity, cortical thinning, impaired serotonin, 
acetylcholine, and dopamine receptor binding and signaling, accumulation of 
neurofibrillary tangles, and altered concentrations of various brain metabolites.  
 
 The physical structure of the brain as a whole deteriorates with age.  Shrinkage 
and death of neurons, and reductions in the number of synaptic spines and functional 
synapses contribute to annual reductions of as much as 0.5% to 1.0% in cortical thickness 
(the cortex is the outermost layer of the brain) and sub-cortical volume in some regions of 
the brain.  Specifically, even in “healthy” individuals, aging accounts for volume 
variances of 37% in the thalamus, which is involved in sight, hearing, and the sleep-wake 
cycle; in the nucleus accumbens, which plays a major role in mood regulation (e.g. 
pleasure, fear, reward); and 33% in the hippocampus, a critical site for consolidation of 
short-term to long-term memory.   
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These physiological changes give rise to the functional declines that are 
associated with aging -- forgetfulness, decreased ability to maintain focus, and decreased 
problem solving capability.   Typically, these declines in brain function are not noticed as 
quickly as declines in certain other system functions.  That’s because humans compensate 
for the loss of cognitive ability through experience, specialization, and other techniques.  
A typical 50-year old has suffered significant physiological deterioration to the brain with 
associated declines in cognitive function.  However, because that 50-year old has 
extensive experience, he or she can perform as effectively (especially in an area of 
specialization) as an inexperienced 20-year old who has suffered little or none of the 
physiological deterioration to the brain that is caused by FDS.      

 
A crude analogy would be the following – the physiological aspects of the brain 

are the hardware.  Education and learning are the software.  Experience and memories are 
the data.  The hardware starts breaking down as early as our late 20’s, but because our 
software keeps improving and we have superior data, the physiological deterioration does 
not become noticeable for many years.   Over time however, with increased physiological 
deterioration, the functional decline inevitably progresses to the point where it is 
recognized as a chronic degenerative disease, such as dementia, depression or 
Alzheimer’s disease.   There is currently no known cure for FDS, so the physiological 
deterioration will continue until the subject dies. 

 
C. Brain Metabolism. 

 
 Unlike skeletal muscle cells, the brain cells do not utilize fatty acids as a primary 
energy source.  Thus, the brain requires a steady supply of glucose.  However, the 
neurons (brain cells) that comprise most of the brain tissue are very low in glycolytic 
enzymes, so no anaerobic glycolysis occurs in neurons.   Unlike skeletal muscle cells, 
where glycolysis takes place in the cytoplasm of the cell, in the brain, glycolysis occurs 
in the glial cells that comprise the blood-brain-barrier69.  
 
 The blood-brain-barrier surrounds the brain and protects it from potentially 
harmful substances in the blood.  The glia cells that comprise the blood-brain-barrier are 
primarily comprised of astrocytes.  The prevailing hypothesis contends that astrocytes 
metabolize glucose to pyruvate or lactate, which is then released and taken up by nearby 
neurons and used as a fuel source, commonly known as the astrocyte-neuron lactate 
shuttle (ANLS) model.  Like skeletal muscle cells, astrocytes and other glia cells can 
store glycogen, which can serve as a short-term fuel source.  However, unlike muscle 
cells, which use stored glycogen (as opposed to blood glucose) as a primary fuel source, 
the glia cells use blood glucose as the primary fuel source.   
 
 D. Complex X/Lactate and Brain Function. 
 
 This paper has already discussed two very significant ways in which Complex X 
is critical to brain functioning and health.  Complex X induces mitochondrial biogenesis 
in the brain and Complex X raises serum levels of BDNF.   Mitochondrial dysfunction 
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and low levels of BDNF are both associated with dementia in general and Alzheimer’s 
disease in particular. 
 
 Many studies over the years have concluded that lactate plays other critical roles 
in the functioning of the brain and the central nervous system70.  Studies have found that 
glycogen-derived lactate71 is central to higher cognitive function and memory 
formation.72  Lactate has also been shown to be a signaling molecule in other brain 
processes, including blood flow regulation, blood glucose sensing and a brain-liver 
signaling axis.73  A recent study indicates that lactate triggers cells in the brain to release 
norepinephrine, a key hormone and neurotransmitter.74   
 
 These findings tend to confirm one of the principal tenets of this paper – evolution 
tends to be a tinkerer rather than an architect.  Although the human brain is the product of 
over a billion years of evolution, the physical processes that evolved in primitive cells 
hundreds of millions of years ago are still used by the brain today.  This conclusion holds 
whether the primary source of the glycogen-derived lactate is Complex X that has 
originated in skeletal muscles, as this paper would suggest, or the lactate that is 
synthesized by astrocytes, as most researchers have assumed.  
 
 Most human adults do not engage in exercise at intensity levels above the lactate 
threshold, so the only source of brain lactate for most adult humans is the lactate that is 
synthesized by astrocytes.  Accordingly, researchers have assumed astrocytes are the 
source of all of the lactate utilized by the brain.   That assumption has led some 
researchers to suggest that many brain-related pathological situations might be caused by 
a dysfunction or failure of astrocyte-neuron metabolic interactions75. 
 
 This paper posits that when a person engages in sufficiently intense exercise, 
blood levels of lactate (and the other components of Complex X) become sufficiently 
high that Complex X is made available to remote organs, including the brain.  Indeed, 
plasma lactate has been shown to be a significant net fuel for brain metabolism where 
plasma lactate is elevated after exercise.76  Blood lactate easily passes through the blood-
brain-barrier and is utilized as a preferred energy source by the neurons.  
 
 This paper suggests that, at least with healthy humans (which is, of course, the 
exception) the primary source of brain lactate is Complex X that is synthesized by the 
skeletal muscle system.   The ability of astrocytes to store a small amount of glycogen 
and thereby provide lactate to the neurons arose later in the evolutionary scheme as a 
backup system.  Regardless, for purposes of this paper, whether the lactate/Complex X 
originates from glycogen that has been metabolized in the astrocytes or skeletal muscles 
is not that important.   
 
 One final points relating to Complex X and brain function is the following:  
Complex X/lactate plays a variety of roles as it relates to brain function and health.  The 
Complex X is often, but not necessarily always, synthesized as a result of intense 
exercise.  In any event, none of these functions or processes have anything to do with the 
Training Effect.   
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IX. Conclusion 
 
 The forces of atrophy are unavoidable.  From a functional health standpoint, these 
forces cause the homeostatic equilibrium point of all humans to slowly decline over time.  
Our functional phenotype deviates farther and farther away from our genetic potential.  
This decline – FDS – progresses so slowly as to be almost imperceptible until many years 
have passed, and then we are suddenly old and have suffered significant loss of all 
functions. 
 
 Medical science has successfully identified a number of risk factors that will 
accelerate the decline; avoiding those risk factors will have the effect of slowing the rate 
of progressive dysfunctionality.  But the forces of atrophy are inexorable – ultimately 
they will prevail.  We will get old and die. 
 
 This paper posits a different approach.  Fetuses, infants and children all face the 
same forces of atrophy as do adults.  They survive and flourish not by clinging to a 
homeostatic equilibrium point that is slowly sliding downhill, but by periodically 
ratcheting that equilibrium point in the other direction, back towards the optimal genetic 
potential, through the Growth Process. 
 
 The Growth Process (and/or the intense exercise that induces the Growth Process 
in adults) is the antithesis of homeostatic equilibrium.   It creates a cascade of free 
radicals, as well as extreme chemical and electrostatic imbalances.  Many of the 
substances that the body secretes in connection with the Growth Process have adverse 
side effects if present in the body in isolation.   To regain homeostatic equilibrium, the 
body will degrade these substances quickly.  For these and other reasons, it is clear that 
that Growth Process is a process – a series of interdependent processes that must occur 
simultaneously and in the right proportions.  Thus, there must be a master gatekeeper to 
trigger these processes and control the proportions. 
 
 Complex X is the master gatekeeper and regulator.  A necessary component of the 
Growth Process is mitochondrial biogenesis, and Complex X is the only stimulus that 
will trigger mitochondrial biogenesis.  The Growth Process is very demanding 
metabolically, and the lactate that is the primary component of Complex X is the perfect 
substance to fuel that metabolic demand – it is the preferred fuel of every organ in the 
body.   The master regulator needs to send signals to the rest of the body to secrete the 
necessary substances in the correct quantities.  Lactate (or, more likely, the other 
components of Complex X) has long been recognized as an important signaling hormone, 
and recent studies have shown that it plays a significant role in signaling brain functions.   
Studies of certain critical substances involved in the Growth Process (HGH, BDNF, 
AMPK, telomerase and stem cells, for example) have concluded that their presence is 
stimulated in an exercise intensity dependent manner, where exercise intensity is 
measured by blood lactate concentration.  And exercise does not induce the release of 
HGH in the absence of lactate. 
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 Complex X is produced in the placenta and provided to the fetus to induce 
mitochondrial biogenesis and the Growth Process.  Infants and children synthesize 
Complex X instinctively by moving with as much energy as they can muster.  Adults of 
all species, however, no longer engage in frequent high intensity exercise.  As a result, 
they suffer from Complex X deficiency, which results in FDS. 
                                            
 The Complex X deficiency can be remedied in either of two ways.  A human who 
engages in a sufficient amount of the right type of exercise will synthesize enough 
Complex X to prevent the disorder from progressing, and will reverse most of the adverse 
effects of progressive dysfunctionality if he or she continues the exercise program for an 
extended period of time.  Alternatively, it may be possible to develop a means of 
administering Complex X as a drug to prevent or cure the deficiency. 
 
 A. The FDS Epidemic. 
 
 FDS is the biggest epidemic in the history of the world.  It claims about 5,000 
lives per day in the United States alone.  The United States spends over $2 trillion per 
year “treating” the diseases caused by FDS without any prospect of curing any of the 
afflicted.  And current projections are that the problem is growing.  
 
 With each passing generation, it becomes easier to live a sedentary life.   Modern 
life has made it far more difficult for children to engage in frequent intense exercise.  It’s 
much easier to hand a child an electronic device than to give the child the opportunity to 
exercise.  The most frightening implication of this paper is that if we continue on our 
present course, the actual incidence of chronic disease in the future is going to dwarf our 
current projections.   The current measures proposed to combat the problem – weight 
control, better nutrition, moderate physical activity and drugs designed to alleviate 
symptoms and prolong life, are off the mark.  Targeting risk factors can at best delay the 
onset of one or more of the chronic degenerative diseases.  But the diseases are inevitable 
unless the cause is eliminated. 
 
 B. Exercise Programs as a Cure for Aging. 
 
 A person who engages in a sufficient amount of high intensity exercise will not 
suffer from Complex X deficiency and thus will not suffer from FDS so long as the 
exercise program continues.  In other words, we don’t slow down because we age, we age 
because we slow down.  Anyone, of any age, can choose to prevent the infirmities of old 
age by engaging in an appropriate exercise program.   
 
 In many ways, exercising is akin to quitting a smoking habit.  For decades, 
smoking was quite common.  It aged one prematurely, and eventually killed the smoker, 
but even with that knowledge, it was difficult for smokers to quit.  Not exercising has the 
same consequences.  It ages one prematurely, and eventually kills you.  But taking up an 
intense exercise program is not easy.  Exercising can initially be painful (like nicotine 
withdrawal), there is a likelihood of minor injuries, there is a time commitment, etc.  But 
the longer-term benefits to the individual and to society are immense. 
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 Exercise programs are not without cost, but compare the cost of an elite exercise 
program such as CrossFit, which is typically about $150 per person per month, to the 
costs of providing health coverage to a typical American.  And, of course, the real 
difference is that an appropriate exercise program will actually prevent FDS, whereas 
health coverage and conventional medical interventions do not. 
 
 Sadly, few people will take responsibility for their own health.  Plus, even if 
someone desired to engage in vigorous activity, for many of us, it may be too late or too 
difficult.  The real import of this paper is to provide a framework that will assist 
researchers in better understanding the actual mechanisms and processes involved, and 
then devising the interventions that will prevent or perhaps even cure chronic diseases 
and other system disorders. 
 
 C. Exercise in a Bottle. 
 
 This paper is not about getting back to nature and suggesting that modern humans 
should exercise because that’s what their Paleolithic ancestors did.  Exercising with 
intensity is important because, as a result of the evolutionary process, it is critical to the 
health of humans that they periodically have elevated levels of Complex X circulating 
through their bloodstreams.  Intense exercise is currently the only known means whereby 
an adult human can synthesize Complex X in sufficient quantities.  It’s not the exercise 
that is critical, but rather Complex X.  Complex X is a known set of chemicals that can be 
synthesized in a laboratory.   If a means can be developed for safely administering an 
effective dosage of Complex X, the applications are almost limitless.   
 
 D. Implications of Eradicating Complex X Deficiency. 
 
 Assume for the moment that Complex X deficiency, and thus FDS, can be 
eradicated, either through universal participation in exercise programs or through some 
type of medical intervention. 
 
  1. Life Expectancy.  It is estimated that about two-thirds of all people 
who die, die as a result of aging-related causes.  In the United States alone, that would be 
about 5,000 people per day.   All other people die “prematurely” as a result of accidents, 
wars, infectious diseases, etc.  People who die of aging-related causes do not die of “old 
age.”  They die because some system, tissue or organ ultimately fails.   The vast majority 
of aging-related deaths are the result of the progressive physiological deterioration that 
ultimately leads to chronic degenerative disease and organ/system failure. 
 

Studies of people over 110 years of age suggest that these individuals do not age 
any differently than other people, they just do not have a debilitating organ or system that 
results in death; they do not have a "weakest link."  Supercentenarians are nonetheless 
extremely frail and debilitated, showing multiple pathologies resulting from chronic 
Complex X deficiency.  And ultimately they do have an acute organic failure that causes 
death.  They die of organ failure that is caused by FDS, not old age. 
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Since, to date, every human on the planet who has not died prematurely has 

suffered from Complex X deficiency and ultimately died as a result thereof, we have no 
information relating to how long someone would live if the Complex X deficiency could 
be eliminated.  All current data about mortality, life expectancy and factors affecting 
mortality relate to persons suffering from FDS.   

 
 2. Economic Dislocation.   If the only effect of eradicating the 

Complex X deficiency were to dramatically extend life expectancy, there would be a host 
of economic problems as a result.  Our current reality is that older people have 
dramatically higher medical costs.  Extending lifespans implies dramatically higher 
medical costs for an extended period of time.  Programs such as Medicare will be 
bankrupted in a matter of a few years. 

 
The good news is that Complex X does not merely extend life – it 

prevents/reverses FDS.   The only way that life is extended is that people are not afflicted 
with FDS.  Thus, people who do not suffer from Complex X deficiency will not just live 
longer lives, they will remain healthy for so long as the deficiency is remedied.   

 
 E. Quality of Life. 
 
 Thus far, the focus of this paper has been on how correcting the Complex X 
deficiency will prevent chronic degenerative diseases and thus increase life expectancy.  
Equally exciting is the effect that correcting the Complex X deficiency will have on the 
quality of life of all adult humans.    
 
 All adult humans suffer from progressing functional declines in all organs and 
systems in their bodies.  These declines occur so slowly that they are almost 
imperceptible, and they are not recognized as health problems (until something goes very 
wrong), because they happen to everyone.  But even people in their thirties and forties  
are already suffering functional declines as a result of Complex X deficiency.  Remedy 
the Complex X deficiency, and all of our systems would work better – digestive, 
immune, respiratory, urinary, cardiovascular, reproductive, etc., etc.  Activating the 
Growth Process means developing all bodily systems and organs in the direction of their 
optimal genetic potential. 
 
 Beyond quality of life issues for individuals, there will also be profound 
implications for society as a whole.  One of the human systems that will work 
dramatically better is the central nervous system, including the brain.  As was noted in 
Section VIII.B above, the brain’s hardware, just like every other organ in the body, starts 
to progressively deteriorate while we are in our twenties.  We compensate through 
education, experience and specialization, so the decline is not generally noticed until we 
are much older.  But, the loss of brain productivity with age exacts an immense toll on 
society. 
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 Researchers studying scientific genius have noted that true paradigm-shifting 
conceptual breakthroughs originate only from younger scientists.  As Einstein once said, 
"A person who has not made his great contribution to science before the age of 30 will 
never do so.”  Middle-aged scientists still make valuable contributions; in fact, the 
average age of Nobel laureates has increased over the 20th century.  However, that 
statistic can be attributed to the rapid growth in the body of accumulated knowledge one 
must master before making a breakthrough contribution, and also perhaps the greater 
resources that a modern scientist frequently must command in order to make a major 
contribution.  Conceptual problem-solving genius appears to be a function of the 
plasticity that is one of the first things lost with the physiological deterioration of the 
brain.   
 
 For the life sciences, this poses a problem.  There is an immense body of 
accumulated knowledge in each field of the life sciences, and mastering all of that 
knowledge in even a specialized field takes many years.  By the time one has 
accumulated sufficient knowledge to make a meaningful contribution, the physiological 
deterioration of the brain has typically progressed to the point where great cognitive leaps 
are no longer possible.  Compounding the problem is the fact that true conceptual 
breakthroughs might well require expertise in, or at least an understanding of, a variety of 
disciplines.   The need for specialization makes such conceptual breakthroughs even 
more unlikely. 
 
 Remedying the Complex X deficiency will alleviate this problem.  A scientist in 
his or her fifties or sixties would have all of the brain plasticity of someone in their 
twenties.  But, because of the accumulated knowledge and experience (all of which 
would be accessible to someone who is not suffering from Complex X deficiency) the 
hypothetical older scientist would be much more likely to be able to formulate a 
paradigm-shifting conceptual breakthrough.  In other words, rather than our brightest 
minds peaking in their twenties and being less productive as they grow older, conceptual 
productivity will increase over time.   Correcting the Complex X deficiency will pave the 
way to paradigm-shifting conceptual breakthroughs in the life science fields. 
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