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Abstract 

The chronic fatigue syndrome (CFS) otherwise known as myalgic encephalomyelitis (ME), is a 
debilitating syndrome whose identification is very complex due to lack of precise diagnostic 
criteria. This pathology begins with limitations in duration and intensity of exercise and rapid 
onset of pain during physical activity. Its etiology is unknown, and symptoms are not limited to 
the muscles. Epidemiology is rather difficult to delimit, even if it affects mainly young (20-40 
years), female subjects. The results of muscular research show some peculiarities that can 
justify what has been observed in vivo. In particular, 1. presence of oxidative damage of lipid 
component of biological membranes and DNA not compensated by the increase of the 
scavenger activity; 2. Excitation-Contraction (E-C) alteration with modification of Ca2+ 
transport; 3. passage from slow to fast fiber phenotype; 4. inability to increase glucose uptake; 
5. presence of mitochondrial dysfunction; and 6. genes expressed differentially (particularly 
those involved in energy production). The skeletal muscles of CFS / ME patients show a 
significant alteration of the oxidative balance due to mitochondrial alteration and of the fiber 
phenotype composition as shown in sarcopenic muscles of the elderly. Vice versa, the muscle 
catabolism does not appear to be involved in the onset of this syndrome. The data support the 
hypothesis that patients with CFS are subjected to some of the problems typical for muscle 
aging, which is probably related to disorders of muscle protein synthesis and biogenesis of 
mitochondria. Patients with CFS can benefit from an appropriate training program because no 
evidence suggests that physical exercise worsens symptoms. Type, intensity and duration of 
any physical activity that activates muscle contraction (including Electrical Stimulation) 
require further investigation even if it is known that non-exhaustive physical activity decreases 
painful symptomatology.  
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 Chronic Fatigue Syndrome (CFS) otherwise known as 
Myalgic Encephalomyelitis (ME) is a clinically defined 
condition characterized by persistent, severe, disabling 
fatigue lasting more than 6 months that is not reversed 
by sleep or rest.1 It is characterized by the onset of 
muscular fatigue and pain even after exercise 
(especially aerobic) of limited intensity and duration. Its 
etiology is unknown, and symptoms are not limited to 
the muscles only. The incidence of the disease is rather 
difficult to define, even though it seems to affect 

predominantly young females (20-40 years). The 
duration of illness typically exceeds 10 years and such 
pathology is quite common. In the UK, the annual 
incidence of recorded cases is currently 14.8 per 
100,000 people. Annual incidence rates for CFS / ME 
diagnoses decreased from 17.5 in 2001 to 12.6  in 2013 
with an annual percent change of -2.8%.2 The degree of 
development of the disease is variable, and there is no 
common progression for all those affected. It is of 
unknown etiology, and it is associated with many 
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symptoms of non-muscular origin. Because of this 
unclear situation (Table 1.), the Institute of Medicine, 
National Academy, Washington, DC, USA in 2015 
proposed to change the name of the disease as Systemic 
Exertion Intolerance Disease (SEID).3 There is no 
specific test yet to confirm a diagnosis of chronic 
fatigue syndrome. A variety of medical tests may be 
needed to rule out other health problems that have 
similar symptoms. In addition to premature muscle 
fatigue, signs and symptoms may include memory loss, 
unexplained muscle or joint pain, not-restorative sleep, 
extreme exhaustion that lasts more than 24 hours after 
exercise.  Moreover, this chronic disability has far-
reaching consequences and represents a significant 
public health concern and an economic burden to the 
society. Some people may be born with predisposition 
for the disorder, and it can be triggered by a 
combination of factors such as: 
1. Viral infections. It has been proposed that some 

viruses, such as Epstein-Barr virus, human 
herpesvirus 6, could trigger the disorder.4 

2. Deficiency of the immune system. Many CFS 
patients show atypical circulating lymphocytes and 
increased plasma level of C-reactive protein and 
other markers of immune impairment.5 

3. Hormonal imbalances. Patients with a diagnosis of 
CFS / ME very often present abnormal levels of 
hormones produced in the hypothalamus, 
hypophysis or adrenal glands.5 In fact, there is a 
hypothalamic-pituitary-adrenal (HPA) axis 
hypoactivity state as indicated by the low basal 
glucocorticoid levels in these patients. As a 
consequence of this, the possibility of bidirectional 
communication between the HPA axis and the 
immuno-inflammatory system exists. Unfortunately, 
no cause-effect relationship between the two 
mechanisms has been determined.6  

4. Psychological impairment.  Cognitive-behavioral 
models of CFS suggest that personality factors may 
contribute to the syndrome development.7 

The complex clinical picture and the profound 
disagreement on the potential pathogenic mechanism 
make ME / CFS a controversial pathology especially in 
the absence of specific biomarkers of the disease that 
would be of great help in its diagnosis and subsequent 
management. The biomarker by definition should 
include both sensitive and specific markers for the 
diagnosis of ME / CFS and those able to classify the 
subtypes of the disease to be also used as a prognostic 
indicator. An attempt to solve this problem is currently 
underway thanks to the EUROMENE program, which is 
a network of researchers and physicians of the European 
COST program within Horizon 2020 
(http://www.cost.eu/ COST_Actions/ca/AC15111). The 
objectives of EUROMENE are to promote strategies for 
collaboration and harmonization of diagnosis and 
research and to compile a database of clinical and 
scientific data consistent with ME / CFS presence.8 Also 
for these reasons, the CFS treatment is very difficult to 
outline. Trials of Rintatolimod (a drug able to protect 
and stimulate the nonspecific immune system), 
counseling therapies, and graded exercise therapy exert 
benefit for some patients (meeting case definitions for 
CFS), whereas evidence for other treatments and harms 
is insufficient.9. More definitive studies comparing 
participants that meet meeting different pathological 
definitions, including CFS, are needed to fill research 
gaps. 10-13. Until specific molecular and/or biochemical 
characteristics are determined, the efforts to develop 
effective treatments for CFS will continue to be not 
conclusive.On the other hand, the clinical benefits of 
physiotherapy approaches developed for other similar 
clinical cases of early aging and aging per se (whether 
traumatic, metabolic, genetic or equally unknown), 
justify the option to apply them to CFS.14-16 In summary, 
to date, the number of studies performed to define the 
clinical aspects of the disease is still not adequate to 
clearly indicate onset and prognosis.17 Probably, its 
persistence may involve complex interactions of 
immune, autonomic and neuroendocrine regulation but 

Table 1. Metabolic features of chronic fatigue syndrome by the Institute of Medicine Diagnostic Criteria 

 
Diagnosis requires that the patient have the following three symptoms: 
1.  A substantial reduction or impairment in the ability to engage in pre-illness levels of occupational, educational, 

social, or personal activities, which persists for more than 6 mo. and is accompanied by fatigue, which is often 
profound, is of new or definite onset (not lifelong), is not the result of ongoing excessive exertion, and is not 
substantially alleviated by rest 

2.  Post exertional malaise 
3.  Unrefreshing sleep 
 
At least one of the two following manifestations is also required: 
1.  Cognitive impairment 
2.  Orthostatic intolerance 
 
Frequency and severity of symptoms should be assessed. The diagnosis should be questioned if patients do not 
have these symptoms at least half of the time with moderate, substantial, or severe intensity 
 
 
 

http://www.cost.eu/
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these studies remain poorly understood.18 A substantial 
part, even if minority, of the scientific research studied 
the biochemical-functional alterations that occur in the 
muscles of patients affected by CFS. The results 
highlighted some peculiarities that can justify what “in 

vivo” was observed. In particular: 
- the presence of significant oxidative damage to 

lipids and DNA molecules with consequent 
alteration of cell membrane capacity not offset by 
the increase of the activity of endogenous 
antioxidant systems. 19 

- a negative influence on E-C cycle due to an 
alteration of opening RyR-channels status and a 
deregulation of Ca2+-ATPase pump.20 

- a shift from slow to the fast twitch fiber phenotype 
with an increase in the energetically expensive 
fibers.21 

- the presence of mitochondrial dysfunction 
highlighted by lowered ATP production, impaired 
oxidative phosphorylation, and presence of 
mitochondrial damage. 22 

- the impairment of AMPK activation in primary CFS 
/ ME skeletal muscle cell cultures derived from 
patients in response to electrical stimulation. This 
abnormality in AMPK activation also resulted in 
failure to increase glucose uptake into the cell in 
response to EPS.23 

Also interesting are data of transcriptome analysis 
carried out to identify genes that were differentially 
expressed in muscles derived from CFS / ME patients. 
In the last decade, some research has highlighted that 
genes that play key roles in mitochondrial function (in 
particular that involved in energy production), oxidative 
balance, fiber phenotype were negatively altered with 
respect to controls in such way measurable in 
sarcopenic muscles.24  Vice versa, muscle tropism does 
not seem to be involved in the onset of fatigue 
syndrome because some of the genes involved in the 
processes leading to atrophy (FOXO, ubiquitin) are 
slightly downregulated in the samples coming from the 
muscles of CFS / ME patients.21. However, the 
associations found can all be assigned to 17 transcripts 
related to the basic cellular processes involved in signal 
transduction, ion transport and immune system 
function.25 
Taken together, these results support the hypothesis that 
in CFS / ME patients the skeletal muscle undergoes 
some aspects of an involution typical of aging 
(sarcopenia) and this fact could determine the 
subsequent disease development.26,27 This hypothesis 
will also be discussed using data from the most recent 
literature on the specific metabolic-functional muscle 
markers of CFS comparing them with those derived 
from sarcopenic muscles.28-30 

Metabolic and functional CFS / ME markers  
Aiming to investigate the kinetics of denervation-
induced One of the early and common symptoms of all 

the patients with CFS / ME diagnosis is the presence of 
a generalized feeling of abnormal fatigue, which is 
evident even after a relatively short and/or low-intensity 
physical activity. Although not all authors are of the 
same opinion (agree on this), the origin of fatigue does 
not seem to be central but rather peripheral.31-33 
Generally, describing their fatigued state, almost all the 
subjects analyzed indicated a precise sensation of "lack 
of muscular energy". This feeling seems to be 
confirmed by recent studies of Magnetic Resonance 
Spectroscopy that indicate significant bioenergetic 
abnormalities in the muscles of CFS patients.34 Thus 
contradicting previous observations that did not show, 
in the muscles of similar patients, metabolic alterations 
subsequent to physical exercise.35 The decrease in ATP 
production also demonstrated the presence of muscle 
damage due to the impaired oxidative phosphorylation 
and the consolidated mitochondrial damage. More 
recently, post-exercise alteration of AMP-activated 
protein kinase, involved in the stimulation of skeletal 
muscle fatty acid oxidation and glucose uptake has also 
been demonstrated.36 Skeletal muscle is energetically 
very expensive, and utilizes glucose and fatty acids 
using nicotinamide adenine oxidized dinucleotide 
(NAD+) and its reduced form, NADH, for electron 
transfer. NAD+ levels influence many different cellular 
mechanisms such as mitochondrial biogenesis, gene 
transcription and extracellular matrix organization.29 
Considering that the overwhelming majority of studies 
indicate that low NAD+ levels are detrimental to skeletal 
muscle integrity while higher NAD+ levels increase 
muscle functional capacity,37 it is possible to speculate 
that NAD+ (or rather its cellular expression) is one of 
the main culprit involved in aging and in many diseases 
(included CFS / ME) of skeletal muscles. Considerable 
evidence indicates that mitochondrial dysfunction with 
resulting oxidative damage contribute to the sarcopenic 
phenotype that occurs with aging.29 As a consequence, 
many structural and functional changes occur with 
advancing age in skeletal muscle, including a reduction 
in the number and cross-sectional area (CSA) of muscle 
fibers.38 A similar scenario can also be observed in 
samples derived from CFS / ME subjects in which 
experiments of functional analysis of the fibers coming 
from the quadriceps muscle showed some morpho-
functional alterations. In a case-control study, the 
phenotype of the same biopsy samples was analyzed to 
determine: i) fiber-type proportion using myosin 
isoforms as fiber-type molecular marker and gel 
electrophoresis as a tool to separate and quantify myosin 
isoforms, and ii) contractile properties of manually 
dissected, chemically made permeable and calcium-
activated single muscle fibers. The results derived from 
these experimental procedures showed that the fiber-
type proportion was significantly altered in CSF 
samples (a significant shift from the slow- to the fast-
twitch phenotype). Vice versa, cross-sectional area, 
force, maximum shortening velocity and calcium 
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sensitivity were not significantly changed in single 
muscle fibers from CSF samples. Thus, the contractile 
properties of muscle fibers were preserved, but their 
proportion was changed, with an increase in the more 
fatigue-prone, energetically expensive fast fiber type.21 
Partially contradictory data, at least with regards the 
type of fiber prevalent in the quadriceps of CFS 
muscles, had been obtained from Lane et al. 35 using a 
semi-automated image analysis system and Electron 
Microscopy techniques. However, in the same paper, 
the authors say that patients with increased lactate 
responses to exercise, did have significantly fewer type 
1 muscle fibers, but there was no evidence that this 
group was less active than the patients with normal 
lactate responses.  

Oxidative Stress in CFS / ME muscles 
To establish which are elements not common but 
peculiar for CFS with respect to other similar 
pathologies, we will start by analyzing the specific 
muscle components linked to the excitation-contraction 
cycle, since the apparatus generating force and the 
neuromuscular junction did not seem to undergo 
changes directly related to the presence of the disease. 
In particular, the consequence of mitochondrial 
dysfunction could be an increased production of 
Reactive Oxygen Species (ROS). ROS are generated by 
the addition of a single electron to the oxygen molecule 
and are formed in all tissues including muscle fibers in 
the mitochondrial respiratory chain. Such reactive 
elements are usually quite harmful and result in 
oxidative stress that can damage many cellular 
components such as DNA, proteins, lipids. Considerable 
evidence has shown that mitochondrial oxidative 
damage can alter mitochondrial integrity and function in 
aging skeletal muscle. This includes a reduction in 
mitochondrial abundance and oxidative 
phosphorylation, accumulation of mutated 
mitochondrial DNA associated with impaired 
autophagy, and increased mitochondrial-mediated 
apoptosis, which all could contribute to sarcopenia. 
Although cumulative oxidative damage has been 
suggested to induce age-associated decline in 
mitochondrial function, the effects of mitochondrial 
dysfunction and mtROS in age-related muscle atrophy 
remains a controversial topic.38 Elevated ROS levels 
have been associated, in CFS / ME muscles, with 
alterations in mitochondrial function with a consequent 
reduction in the rate of ATP synthesis and impairment 
of cellular bioenergetics and, as consequence of this to 
muscle fatigue. The molecular cause of this event is 
probably linked to the oxidation of at least two 
substrates: membrane lipids and DNA also due to a 
certain inefficiency of the scavenger and/or repair in 
mitochondria.39 In addition, muscle mitochondria are 
one of the main sources of ROS generation in cells and 
are therefore highly sensitive to oxidative damage. It 
has been previously found that age-dependent increase 

in oxidative damage in the muscle of healthy subjects 
may reflect either increased production of free radicals 
or insufficient activity of scavenger/repair systems.40 In 
particular, the authors examined markers of oxidative 
damage to DNA, lipids, and proteins in 66 muscle 
biopsy specimens from humans aged 25 to 93 years. 
There were age-dependent increases in a marker of 
oxidative damage to DNA and lipid peroxidation, and to 
a lesser extent in protein carbonyl groups, a marker of 
protein oxidation. These results provide evidence for a 
role of oxidative damage in muscle aging which may 
contribute to age-dependent losses of muscle strength 
and stamina. The same group also demonstrated specific 
oxidative alterations in the vastus lateralis muscle of 
CFS patients, both as an increased value of oxidative 
damage markers (8OH-dG, MDA) and membrane 
fluidity, and an imbalance in the oxidant-antioxidant 
system.19 These findings are in agreement with the 
hypothesis that impairment of mitochondrial activity 
underlies an increase in the production of ROS that 
leads to muscle fatigue, similar to normal ageing.41 In 
the muscles of CFS / ME patients, many of the reported 
alterations may be the consequence of oxidative 
damage. The data published by Fulle et al.20 seem to 
support this hypothesis and seem to indicate that the 
presence of oxidative stress alters the fluidity of the 
network of muscle membranes. It is possible that the 
excitation-contraction coupling, the fundamental 
mechanism of muscle contractions, is altered in this 
pathology. In particular, the sarcolemma conduction 
system and the calcium ion release/uptake mechanism 
are negatively affected in CFS / ME preparations. In 
fact, the activities of the sarcolemma Na / K pumps and 
that of SERCA of the sarcoplasmic reticulum undergo 
deregulation in the muscles coming from CFS / ME 
patients compared to controls of the same age. Also the 
RYR channels are altered with consequent adverse 
effects on the transport of Ca2+ and possible 
accumulation of the ion in the sarcoplasm. This would 
lead to a state of contracture similar to what occurs 
during muscle fatigue.20 As occurs in the muscles of 
patients with CFS / ME, even in the vastus lateralis of 
elderly subjects, an alteration of the mechanism that 
controls the release of calcium from internal reserves 
has been proposed to explain the decline in muscle 
performance related to age. In a study by Boncompagni 
et al.42 the frequency, cellular localization and 
ultrastructure of calcium release units were studied in 
male and female human muscle biopsies aged between 
28 and 83 years. The results show significant alterations 
in the morphology and cell disposition of calcium 
release units and a significant decrease in their 
frequency as a function of the age of the subjects 
examined. This means that in humans the coupling 
apparatus undergoes a partial disarrangement and a 
spatial reorganization that could interfere with a valid 
release of Ca2+ ions to the contractile proteins.42 
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Gene modifications in CFS / ME muscles 
Recent studies carried out to characterize the differences 
in gene transcription in the muscles of patients 
diagnosed with Gulf War syndrome vs. CFS / MS 
patients have shown significant different profiles (such 
as to suggest a real difference at least from the genetic 
point of view), not only between the two pathologies but 
also between these and healthy controls. Significant is 
that about 50 genes responded, at peak maximum effort 
with respect to rest, in Gulf War samples, but only 1 
was expressed in CFS / ME. Furthermore, most of the 
466 genes expressed with a difference of 2 times (FDR 
<0.05) in CFS / ME compared to control subjects, were 
those directly or indirectly connected with the 
mechanisms of signal transduction and regulation of cell 
metabolism.43 Broderick et al.25 analyzed correlation 
patterns in 117 clinical variables measured in 111 
female subjects and used them to isolate the CFS / ME 
gene co-expression patterns. The associations found can 
all be assigned to 17 transcripts related to the basic 
cellular processes involved in signal transduction, ion 
transport and immune system function.  Apparently, the 
most influential single gene found among those tested 
was identified with sestrin 1, which supports the 
involvement of oxidative stress in CFS / ME. Kerr et 
al.44 in the effort to search for "marker genes" with 
predictive power against CFS / ME, isolated a set of 44 
genes to discriminate between CFS / ME patients and 
healthy control individuals. This classification was able 
to correctly discriminate between CFS / ME and healthy 
control samples in 95% of the training samples but was 
criticized for the difficulty of reproducing the results. 
More recently, Broderick et al.45 also demonstrated that 
differences in gene expression are related to 90 
pathways, most of which are linked to immune 
metabolism. Examining these pathways as part of an 
integrated biological system would result in significant 
differences between CFS / ME patients and healthy 
control subjects. Indeed, these significant differences in 
regulatory interactions could not be observed using 
conventional analytical methods focused on the 
expression of individual markers. Utah researchers with 
access to computerized genealogical resource linking 
multiple generations of genealogy data with medical 
diagnosis data reported significant evidence for a 
heritable contribution to predisposition to CFS / ME.46 

In addition, in order to establish which mechanisms 
and/or pathways could be involved in the development 
of typical CFS muscle symptoms, a global 
transcriptome analysis was used by Pietrangelo et al.24 
to identify the genes that were expressed differentially 
in the vastus lateralis muscle of patients with positive 
diagnosis of CFS / ME. The analysis of the data 
obtained seems to clearly indicate that the expression of 
genes that play key roles in mitochondrial function and 
in oxidative equilibrium, including those that code for 
superoxide dismutase 2, appear modified, as well as 
seems to be altered in their expression also other genes 

involved in energy production, muscular trophism and 
the determination of fiber phenotype.The analysis of the 
correlation between gene expression of muscle mass 
and muscle functional changes with respect to age has 
identified genetic markers of sarcopenia distinct from 
those of general aging. In particular, some of the 
mitochondrial energy metabolism genes (tricarboxylic 
acid cycle and oxidative phosphorylation) are 
downregulated in the sarcopenic muscle. Furthermore, 
the gene expressions of the neuromuscular junction 
patency, those of protein catabolism and inflammation 
are also modified.47 These data suggest a strong 
similarity between what happens in the aging muscle 
with that which occurs in younger CFS / ME patients 
(Figure 1). 

Palliative Therapies 
CFS / ME is undoubtedly an emerging and challenging 
medical condition, but it is not without hope. At the 
moment, present there is no cure: the treatment simply 
aims to alleviate the symptoms and reverse muscle 
atrophy related to impaired mobility. In general, CFS / 
ME patients who are diagnosed within the first 2 years 
after the appearance of the symptoms respond better to 
treatment than those diagnosed later. Treatments to 
relieve symptoms must be personalized for each patient 
as it occurs for the management of age-related 
sarcopenia.48-50 Most specialists agree that CFS / ME 
patients need treatment based on a multidisciplinary and 
integrative approach. Some researchers suggest that a 
healthy diet and the use of food supplements are 
essential components of any therapeutic approach 
mainly due to the numerous gastrointestinal problems 
occurring in CFS / ME patients that can lead to 
inflammation and malabsorption. For these reasons, the 
CFS / ME treatment is very difficult to outline. Trials of 
Rintatolimod (a drug able to protect and stimulate the 
nonspecific immune system), counseling therapies, and 
graded exercise therapy suggest benefit for some 
patients which meets the case definitions for CFS, 
whereas evidence for other treatments and harms is 
insufficient.51 More definitive studies comparing 
participants meeting different pathological definitions, 
including CFS, are needed to fill research gaps. Until 
specific molecular and/or biochemical characteristics 
are determined, the efforts to develop effective 
treatments for CFS will continue to be not conclusive. 
Rituximab is a monoclonal antibody active against 
CD20, a B+cell receptor. Rituximab works by depleting 
B+cells, thus reducing inflammation. Sustained overall 
improvements were noted in 67% of CFS / ME patients 
as opposed to 13% of controls.52 The UK National 
Institute of Health and Clinical Excellence recommends 
cognitive behavioral therapy (CBT) and graded exercise 
therapy (GET). Although this recommendation was 
supported by systematic reviews, supporting evidence 
remains limited to the small studies. A recognition 
conducted by patient organizations in the UK have 



Chronic Fatigue Syndrome / Myalgic Encephalomyelitis 
Eur J Transl Myol 28 (3): 239-247, 2018 

- 244 - 

 

reported that CBT and GET are sometimes harmful and 
have recommended pacing and specialist health care. To 
verify, by means of a comparative analysis, the efficacy 
of these methods when applied alone or in combination, 
White et al designed a randomized evaluation study 
PACE to compare the effects of pacing, defined as 
adaptive stimulation therapy (APT), CBT and GET with 

the addition of specialist medical care (SMC) vs SMC 
alone. The results show that CBT and GET would be 
more effective than APT and SMC, but that APT would 
be more effective than SMC alone.53 Antioxidants 
(including α-lipoic acid vitamin E or C) are a group of 
vitamins, minerals, and enzymes that help protect cells 
from damage caused by oxidative stress and also 
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improve mitochondrial function.54 38 consecutively 
diagnosed CFS women were treated with a multivitamin 
and mineral supplement for 2 months with follow-up. 
There was a significant improvement in the activity 
levels of superoxide dismutase, significant decreases in 
fatigue, sleep problems, symptoms of autonomic 
dysfunction, frequency and intensity of headaches and 
subjective feeling of infection. The conclusion was that 
such treatment could be a safe and simple way to 
improve symptoms and quality of life in CFS / ME 
patients.55 Coenzyme Q10 and NADH are common 
antioxidant supplements that are used as dietary 
supplements for general maintenance of health. 
However, several studies have shown that their use 
induces in CFS / ME (where a mitochondrial 
dysfunction, which reduces the ATP production exists) 
as an immediate effect primary or secondary to 
symptom reduction in most CFS / ME patients.56 In 
summary, to date, the number of studies performed to 
define the clinical aspects of the disease is still not 
adequate to clearly indicate onset and prognosis. 
Probably, its persistence may involve complex 
interactions of immune, autonomic and neuroendocrine 
regulation but these studies remain poorly understood.57  

Conclusions 
The purpose of this review was to summarize some of 
the peculiarities of the muscles of patients with CFS / 
ME  or SEID diagnose. As it could help researchers and 
clinicians to understand and treat more appropriately 
both symptomatology and prophylaxis of such obscure 
conditions that is without certain origin and 
demonstrated etiopathogenetic agent(s). From the most 
recent literature, and specifically from the data obtained 
in authors’ laboratories, the image of an "old muscle in 
a young body" is confirmed by numerous experimental 
observations. This means that more than a “disease”, 
CFS / ME is a (mal)functional state that can be treated 
to alleviate the symptoms and not to cure it. 
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