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In 1994, in The Canary and Chronic Fatigue,1

I put forth the hypothesis that the chronic fatigue
syndrome is caused by accelerated oxidative molecular
injury, and drew evidence for my view from diverse
lines of evidence. A close study of more than 1,000
patients with severe CFS had convinced me that the
syndrome  could not be understood with the prevailing
one-disease/one-diagnosis/one-drug model of thinking.
Rather, what was needed was a search for molecular
events that caused cellular dysfunction in a global
fashion. Clinically, the CFS    it seemed to me  
could be considered an "every-cell-in-the-body-sick
syndrome."

Five years later, I extended that hypothesis and
stated that both chronic fatigue syndrome and
fibromyagia    in my view two names for the
essentially the same global cellular dysfunction with
dominant symptoms of tissue pain, disabling fatigue,
and mentation difficulties   are caused by
dysoxygenosis resulting from persistent and
incremental oxidative stress on enzyme system
involved with cellular oxygen utilization.  For patient2-3

education, I introduced the term the dys-ox state to
underscore the central importance of deranged cellular
oxygen dysfunction. In subsequent reports of studies
with patients with clinical presentation of fibromyalgia,
I presented personal data concerning increased urinary
excretion of Krebs cycle metabolites showing
impairment of the enzymatic pathways of that cycle.4,5

Additional data in those patients revealed high levels of
certain mycotoxins that are known to block one or more
steps of mitochondrial ATP production. The hypothesis
of respiratory-to-fermentative shift as the fundamental
molecular lesion in fibromyalgia (the "RTF Shift

hypothesis") is a unifying hypothesis with a stong
explanatory power for diverse phenomena concerning
the broad range of elements that cause chronic disabling
fatigue, tissue pain, and problems of mood, memory,
and mentation. This hypothesis also provides for
rational basis for designing  inegrative management
plans to restore ATP generation to the physiological
respiratory mode.

In the RTF shift hypothesis,  the fermentative
ATP production does not occur as an all-or-none
phenomenon. Rather, the RTF shift occurs in varying
degrees in various tissues depending upon the
concentration of the elements that induce the shift in the
local tissues. In the cases of very advanced degrees of
fibromyalgia  when the patients arevliterally bed-ridden
for weeks or months, the RTF shift probably does affect
severely multiple organ systems. 

As a consequence of the respiratory-to-
fermentative shift in adenosine triphosphate (ATP)
production., there is a drastic (over 93%) reduction in
the available cellular energy currency (ATP)  only
two moles of ATP per mole of glucose are generated in
the fermentative mode as compared with approximately
30 moles of ATP per mole of glucose in the respiratory
mode. In 1999, I introduced the term dysoxygenosis for
this shift.I defined dysoxygenosis as a state of
diminished cellular oxygen utilization resulting from
function of enzymes involved in oxygen homeostasis
(designated oxyenzymes) that leads to altered
expressions of genes induced by hypoxic environment
(designated oxygenes). For patient education, I use the
term  the dys-ox state for dysoxygenosis.

The webs of oxyenzymes are vast, with each
entity linked to every other through multiple pathways.
The webs of oxygenes are seemingly far more complex.
All such webs are exquisitely 'aware' of changes in
oxygen availability in their microenvironment and
vigorously respond to them. Some sense of the clinical
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significance of this may be obtained by considering the
broad range of symptom-complexes of RTF shift in
chronic energy deficit states.  

Clear and unequivocal biochemical evidence for such
shift can be readily established by measuring 24-hour
urinary excretion of organic compounds (Tables 1).
When the spectrum of organic acids included in the
urinary profile is broad enough, not only is it possible
to detect the presence of that shift, it is generally
possible also to recognize defects in molecular
pathways that set the stage for RTF shift (Tables 2 and
3). 

Krebs Cycle

Of central importance in cellular energetics is
the Krebs (citric acid, tricarboxylic acid) cycle. In
health, this cycle is the true crossroads of both anabolic
and catabolic energetics. It is the final common
pathway for oxygen-driven breakdown of sugars, fats,
and proteins for serving the energy needs of the body.
It also provides for the oxygen-driven synthesis of the
basic building blocks for structural and functional
molecules of the body. All steps in this cycle of
energetics are catalyzed by a variety of enzymes and
their cofactors. Metabolic pathways of carbohydrates,
lipids, and proteins enter the cycle via acetyl CoA
derived from pyruvic acid, fatty acids, and amino acids
respectively. Theoretically, blockages at various levels
in the Krebs cycle can be produced when the enzymatic
pathways of the Krebs cycle are:  

  1. Impaired or inactivated by incremental
oxidative stress of  endogenous and
exogenous factors;

  2. Hampered by intracellular acidosis resulting
from chronic oxidosis;

  3. Impeded by the quality and quantity of
substrates (discussed below); 

  4. Rendered inefficient by deficiency of metal
cofactors; and

  5. Clogged by mitochondrial uncoupling.

Increased Urinary Excretion of Krebs Intermediate

In clinical states associated with RTF shift,
one or more of the above conditions exist in various
combinations. However, to precisely determine the
pathogenetic contribution of individual factors is not
possible at this time    nor does that seem likely in the

future given the breadth of the molecular webs involved
and the kaleidoscopic changes that occur when
something changes in one way. Increased excretion of
acids in the Krebs cycle provides direct evidence for
impaired function of enzymes involved in those
pathways. Under physiological conditions, minute
amounts of metabolic intermediates of both pathways
are excreted in the urine.

Table 1 shows data for 24-hour urinary
excretion of organic acids that comprise major
intermediates of the Krebs cycle in a series of 236
patients with clinical features of dysoxygenosis a
sense of air hunger, fatigue, dry skin, orthostatic
intolerance, disorders of mood, memory, and mentation,
and other symptom-complexes encountered in energy
disorders listed above. These data need to be considered
in view of the Krebs cycle, which begins with reaction
of acetyl CoA with oxaloacetate to form citrate with the
following intermediates: cis-aconitate, isocitrate, " -
ketoglutarate, succinate, fumarate, malate, and back to
oxaloacetate. 

Table 1.  The Frequency of Increased*
Urinary Excretion of Metabolites of the Krebs
Cycle  in 236 Patients with the Respiratory-to-

Fermentative Shift

Citric acid 
Succinic acid 
Aconitic acid  
Fumaric acid 
2-oxo-glutaric acid  

196
40
26
1
0

* Increases beyond the laboratory range for the general
population. Levels of acids measured in mmol/mol
creatinine. 

An Anaology of Ponds With Beaver Dams

In interpreting the data presented in Table 1,
let us draw an analogy of ponds at five levels,
eachdraining into the one a lower level. If the outflow
of all ponds were to be impeded to equal degrees and
there were to be a build-up of water levels behind the
dams   by, let us say, dams built by beavers at the
outlet of each pond   the quantity of water held back
by the highest pond would be expected to be larger than
in the pond in the second tier, and the amount of water
held back in the second pond would be expected to be
more than in the one below it, and so on. This can be




