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Objectives.Toexamine theefficacyof thepain inhibitory
systems in patients with myalgic encephalomyeli-
tis ⁄chronic fatigue syndrome (ME ⁄CFS) during two
different typesof exerciseandtoexaminewhether the
(mal)functioning of pain inhibitory systems is associ-
atedwithsymptomincreases followingexercise.

Design.Acontrolledexperimental study.

Setting and subjects. Twenty-two women with ME ⁄CFS
and 22 healthy sedentary controls were studied at
theDepartmentofHumanPhysiology,VrijeUniversi-
teitBrussel.

Interventions. All subjects performed a submaximal
exercise test and a self-paced, physiologically limited
exercise test on a cycle ergometer. The exercise tests

were undertaken with continuous cardiorespiratory
monitoring. Before and after the exercise bouts, sub-
jectsfilledoutquestionnaires toassesshealthstatus,
and underwent pressure pain threshold measure-
ments.Throughout thestudy, subjects’ activity levels
wereassessedusingaccelerometry.

Results. In patients with ME ⁄CFS, pain thresholds de-
creased followingbothtypesofexercise,whereas they
increased inhealthysubjects. Thiswasaccompanied
by a worsening of the ME ⁄CFS symptom complex
post-exercise.Decreasedpressure thresholds during
submaximal exercise were associated with postexer-
tional fatigue in the ME ⁄CFS group (r = 0.454;
P = 0.034).

Conclusions. These observations indicate the presence
of abnormal central pain processing during exercise
in patients with ME ⁄CFS and demonstrate that both
submaximal exercise and self-paced, physiologically
limited exercise trigger postexertional malaise in
these patients. Further study is required to identify
specific modes and intensity of exercise that can be
performed inpeoplewithME ⁄CFSwithoutexacerbat-
ingsymptoms.

Keywords: algometry, ME ⁄CFS, pain, postexertional
malaise,submaximal exercise.

Introduction

Patients with myalgic encephalomyelitis ⁄chronic
fatigue syndrome (ME ⁄CFS) experience a debilitating
fatigueaccompaniedbysecondarysymptoms includ-
ing sore throat, memory and concentration impair-
ments, headache, sleep disorders and, most often,
muscle and joint pain. Not only do people with
ME ⁄CFS often report a fluctuating pattern to their

symptoms and physical and cognitive capabilities,
they also show severe symptom and pain exacerba-
tion following physical exercise [1, 2]. This postexer-
tional malaise is present in 95% of ME ⁄CFS patients
[3] and is one of the best predictors of the differential
diagnosis of ME ⁄CFS and major depressive disorder
[4]. The severe exacerbation of symptoms following
exercise, as seen in ME ⁄CFS patients, is not present
in other disorders where fatigue is a predominant
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Daily physical activity levels

To establish daily activity levels at baseline, subjects
were asked to wear a tri-axial accelerometer from
the first visit until experiment 1. No significant dif-
ferences were found between the ME ⁄CFS and the
control groups fordaily physical activity levelsduring
baseline (6 days before experiment 1) (P = 0.365).
Therefore,weconcludethat the twogroupswerecom-
parable.

To monitor the potential influences of daily activity
levels on exercise performance during experiment 2,
and as a potential confounder of symptom fluctua-
tions, subjects were asked to wear a tri-axial acceler-
ometer continuously between the post-exercise
assessments of experiment 1 and the pre-exercise
interventionsofexperiment2. In twosubjects, thede-
vices were defective and did not register the daily
physical activity; the device only registered for 3 days
in one subject. No significant differences were found
between the ME ⁄CFS group and the healthy, seden-
tary controlswith regard to daily physical activity lev-
els or day-to-day fluctuations in activity patterns
(F = 0.838,P = 0.365).

Exercise response, exercise capacity and exercise-induced pain inhibition:
comparison between patients and controls

Submaximal exercise stress test. Baselinemeasure-
ments showed amean heart rate of 79 ± 12 bpmand
mean lactate levels of 1.12 ± .47 mmol L)1 at rest for
the control group. The ME ⁄CFS group had a mean
heart rate of 81 ± 10 bpm and mean lactate level of
0.90 ± 0.24 mmol L)1 at rest. ME ⁄CFS patients
cycled for 3.9 ± 1.3 min at a maximum workload of
109 ± 29 W. At the end of the exercise test, their
lactate levels reached 2.96 ± 1.46 mmol L)1. The
control subjects cycled for 4.2 ± 1.2 min and

reached a maximum workload of 118 ± 30 W. At
the end of exercise, lactate levels reached 2.60 ±
1.09 mmol L)1. No significant differences (P > 0.05)
were found for heart rate, lactate levels, workload or
cycled timebetween theME ⁄CFSandcontrol groups.
However, the peak respiratory exchange ratio (RER)
during submaximal exercise was significantly higher
in the ME ⁄CFS group (mean 1.25 ± 0.98) compared
to the sedentary control group (mean 0.92 ± 0.11)
(P = 0.002). One control subject refused respiratory
monitoring because of a claustrophobic reaction to
themask.

At baseline, ME ⁄CFS patients showed decreased
PPTs measured near L3, indicating the presence of
hyperalgesia of the lower back (P = 0.031). After per-
forming the exercise test, a significant difference in
pain thresholdswas foundbetween theME ⁄CFS and
the control groups, as shown inFig. 2. ThePPTsmea-
suredonthebackandthecalf increased inthecontrol
group whereas they decreased in the patient group
(P = 0.006 and P = 0.018, respectively). PPTs mea-
sured in the skin web between thumb and index fin-
ger showed the same effect although the difference
wasnotsignificant (P = 0.077).

There was a significant difference between patients
and controls with regard to the change over time
(baseline, post-exercise, 24 h post-exercise) in the
subscale ‘physical functioning’ of the SF-36 score
(P = 0.029). Control subjects showed stable scores
but ME ⁄CFS patients showed a decrease in the
scores over time, indicating postexertional malaise
in the patient group. ME ⁄CFS patients showed a
worsening of symptoms from baseline to post-exer-
cise and 24 h post-exercise, as measured by the
CFS Symptom List, whereas controls showed symp-
tom improvement (Table 1). The difference between
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Fig. 2 Changes in pain pressure thresholds in response to submaximal exercise in women with myalgic encephalomyeli-
tis ⁄ chronic fatiguesyndrome (ME ⁄CFS) (n = 22)andsedentarywomen(n = 22).
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๏ More pronounced response in the complement system
๏ Enhanced oxidative stress combined with a delayed and 

reduced anti-oxidant response

๏ More pronounced immune cell gene expression  

๏ “Many of these immune changes relate to post-exertional 
malaise in CFS, a major characteristic of the illness.”

Altered immune response to exercise in patients
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encephalomyelitis: A systematic literature review
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ABSTRACT

An increasing number of studies have examined how the immune system of pati-
ents with Chronic Fatigue Syndrome (CFS), or myalgic encephalomyelitis, res-
ponds to exercise. The objective of the present study was to systematically review
the scientific literature addressing exercise-induced immunological changes in
CFS patients compared to healthy control subjects. A systematic literature search
was conducted in the PubMed and Web of science databases using different
keyword combinations. We included 23 case control studies that examined
whether CFS patients, compared to healthy sedentary controls, have a different
immune response to exercise. The included articles were evaluated on their
methodological quality. Compared to the normal response of the immune system
to exercise as seen in healthy subjects, patients with CFS have a more pronoun-
ced response in the complement system (i.e. C4a split product levels), oxidative
stress system (i.e. enhanced oxidative stress combined with a delayed and redu-
ced anti-oxidant response), and an alteration in the immune cells’ gene expressi-
on profile (increases in post-exercise interleukin-10 and toll-like receptor 4 gene
expression), but not in circulating pro- or anti-inflammatory cytokines. Many of
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Loss of capacity to recover from acidosis on repeat
exercise in chronic fatigue syndrome: a case–control
study
David E. J. Jones*,1, Kieren G. Hollingsworth*,†,1, Djordje G. Jakovljevic‡,§,¶, Gulnar Fattakhova‡,§,
Jessie Pairman‡,§, Andrew M. Blamire*,†, Michael I. Trenell*,§,¶,2 and Julia L. Newton‡,§,2

*Institute of Cellular Medicine, †Newcastle Magnetic Resonance Centre, ‡Institute for Ageing and Health,
§The UK NIHR Biomedical Research Centre in Ageing and Age Related Diseases, ¶Newcastle Centre for Brain Ageing
and Vitality, Newcastle University, Newcastle, UK

ABSTRACT

Background Chronic fatigue syndrome (CFS) patients frequently describe difficulties with repeat exercise.
Here, we explore muscle bioenergetic function in response to three bouts of exercise.

Methods A total of 18 CFS (CDC 1994) patients and 12 sedentary controls underwent assessment of maximal
voluntary contraction (MVC), repeat exercise with magnetic resonance spectroscopy and cardio-respiratory
fitness test to determine anaerobic threshold.

Results Chronic fatigue syndrome patients undertaking MVC fell into two distinct groups: 8 (45%) showed
normal PCr depletion in response to exercise at 35% of MVC (PCr depletion >33%; lower 95% CI for controls);
10 CFS patients had low PCr depletion (generating abnormally low MVC values). The CFS whole group exhibited
significantly reduced anaerobic threshold, heart rate, VO2, VO2 peak and peak work compared to controls. Rest-
ing muscle pH was similar in controls and both CFS patient groups. However, the CFS group achieving normal
PCr depletion values showed increased intramuscular acidosis compared to controls after similar work after
each of the three exercise periods with no apparent reduction in acidosis with repeat exercise of the type
reported in normal subjects. This CFS group also exhibited significant prolongation (almost 4-fold) of the time
taken for pH to recover to baseline.

Conclusion When exercising to comparable levels to normal controls, CFS patients exhibit profound abnormal-
ity in bioenergetic function and response to it. Although exercise intervention is the logical treatment for patients
showing acidosis, any trial must exclude subjects who do not initiate exercise as they will not benefit. This
potentially explains previous mixed results in CFS exercise trials.

Keywords Chronic fatigue syndrome, exercise, fatigue, muscle bioenergetics, muscle function.
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Introduction

Chronic fatigue syndrome (CFS) is a common clinical prob-
lem in the UK, affecting a substantial number of predomi-
nantly young individuals. It can have substantial impact on
quality of life and social function [1]. Reduced functional
capacity [2] and postexertional malaise [3] are hallmark
symptoms of CFS. Studies exploring muscle strength, endur-
ance and function have characteristically shown no consistent

abnormality [4–10], whilst metabolic and exercise capacity
studies have proved contradictory [11–13]. Patient descrip-
tions of their physical limitations in CFS emphasise, however,
difficulties in undertaking and sustaining muscle activity.
The recently published PACE trial [14] suggests that some
patients with CFS may benefit from structured exercise pro-
grammes; however, our ability to identify those who would
benefit from exercise therapy aimed at improving physical
capacity (and importantly those who would not) is currently
limited.

1Joint first authors.
2Joint senior authors.
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Participants perception of effort and postexercise
symptoms
Immediately after the MRI exercise protocol, subjects were
asked to assess the degree of effort and were asked to grade
any discomfort that they were feeling on a scale of 1–5 (one
being and five being); subjects were then telephoned by a
member of the research team 24 h later and 5 days later to
ask them again to rate their discomfort.

Cardiorespiratory fitness test
Subjects cycled on a stationary ergometer (Corival, Lode,
Nederland) at between 60 and 90 rpm. Starting at 40 W, the
resistance was increased at a rate of 10 W ⁄ min. The test was
terminated voluntarily by the participant or when they were
unable to maintain a pedal frequency of 60 rpm. Expired air
was collected at rest and during exercise using a breathing
mask and analysed online using a gas analysis system (Meta-
Lyzer II, CORTEX, Germany) and heart rate (Polar Electro,

Polar, Finland). Peak cardiovascular fitness was calculated in
metabolic equivalents (One MET is equivalent to the oxygen
consumption whilst laying quietly or approximately
3Æ5 mL ⁄ kg ⁄ min oxygen consumption). Anaerobic threshold
was assessed using the computerised v-slope method [33].

Analysis
Analysis was performed using Prism Graphpad. Descriptive
statistics are presented and where parametric expressed as
mean ± 95% confidence intervals. Comparisons were made
between groups using Student’s t test with P < 0Æ05 taken as
statistically significant. Area under the curve was calculated
using the Prism software.

Results

Cardiopulmonary fitness in the CFS patients
compared to controls
Unsurprisingly, the CFS patients as a group were significantly
more fatigued than the sedentary controls (Table 1). On
exercise testing, the CFS group as a whole exhibited signifi-
cantly reduced anaerobic threshold, heart rate at the anaerobic
threshold, VO2 Max and peak work (Fig. 1) compared to
controls, confirming published observations.

Maximum voluntary contraction in the CFS group
compared to controls
The CFS patients as a group also had significantly lower
maximum voluntary contraction values compared to
the controls but with a markedly larger value spread
(Fig. 2a).

Table 1 Characteristics of the study groups (mean ± SD unless
otherwise stated)

Chronic fatigue

syndrome Controls P

N 18 12 ns

Age (years) 44 ± 11 43 ± 10 ns

Sex male ⁄ female 2 ⁄ 16 1 ⁄ 11 ns

Fatigue impact scale 93 ± 22 10 ± 11 < 0Æ0001

Body mass index 27 ± 2Æ5 28 ± 3Æ4 ns
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Figure 1 Chronic fatigue syndrome
patients exhibit reduced (a) anaerobic
threshold, (b) heart rate at anaerobic
threshold, (c) VO2 max and (d) peak work
when compared with sedentary controls.
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difficulties in undertaking and sustaining muscle activity.
The recently published PACE trial [14] suggests that some
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grammes; however, our ability to identify those who would
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methodologies which demonstrated increased postexercise
acidosis in the CFS group as a whole. The effect was not, how-
ever, uniform across the CFS patient group. When CFS patients
were invited to perform a formal MVC assessment, they fell,
despite apparently having the same disease, into two distinct
groups. This was in terms of the extent to which, when asked to
subsequently perform repeat exercise at a fixed proportion of
that MVC, they showed a normal bioenergetic impact (defined
from the levels of phosphocreatine depletion seen in the normal
control population when exercising at the same proportion of
MVC). The group of CFS patients who achieved normal levels
of PCr depletion (>33%) had comparable MVC values to the
normal controls, but exhibited markedly greater muscle acido-
sis (indeed excess muscle acidosis was entirely restricted to this
group). The second group had low PCr depletion and no excess
acidosis, but this appeared to be entirely as a consequence of
having markedly lower MVC values than either the normal PCr
depletion CFS patients or the normal controls. Low MVC in this
group did not appear to be a consequence of either pain or
other symptoms associated with exercise and both CFS patient
groups perceived themselves (in patient reports elicited

immediately after MVC assessment) to be trying to the maxi-
mum of their ability. Despite this perception, the findings are
compatible with some form of exercise avoidance in a subgroup
of CFS patients. The study protocol did not include the capacity
for repeat assessment; therefore, it is not clear whether the
groups are stable (with patients avoiding exercise in initial
assessment consistently doing so). This important issue will be
the subject of further study. Previous studies have confirmed
the presence of two muscle phenotypic groups within those
patients fulfilling the diagnostic criteria for CFS [15]. A previ-
ous MR study performed at the forearm and not involving
repeat exercise bouts suggested that abnormal lactate responses
to exercise and MRS characteristics of excessive acidosis were
consistent with impaired capacity for mitochondrial ATP
synthesis [15] in CFS, although again significant interpatient
variability was seen.

The finding that a significant subgroup of patients who had
enrolled in a study of muscle function involving exercise went
on to under-exercise in the context of that study, despite per-
ceiving themselves as having tried hard is a critical one. The
phenomenon is unique in our experience, no comparable
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other research using the same proto-
col to measure physiological
responses in people with CFS.30,31 A
more recent study in which the aer-
obic power test was used as an exer-
cise challenge to study pain and PEM
in people with CFS revealed signifi-
cant differences in the peak RER

between the CFS group (X!1.25)
and the control group (X!0.98).7

On the basis of accepted criteria for
evaluating effort during CPET, a peak
RER of greater than 1.10 indicates
excellent effort, and a peak RER of
less than 1.0 reflects submaximal
effort.8,21 The indication is that the

CFS group was working at or close to
maximal exertion, whereas the con-
trol group was not. These data have
important implications for physical
therapists because even low-level
exercise assessments and interven-
tions can involve nearly maximal
exertion by people with CFS.

Figure 1.
Measurements of oxygen consumption (V̇O2) at peak exercise (A) and at the ventilatory threshold (B) in participants with chronic
fatigue syndrome (CFS) and control participants during cardiopulmonary exercise test 1 (blue bars) and cardiopulmonary exercise
test 2 (gold bars). Error bars represent 1 standard deviation.

Figure 2.
Measurements of workload at peak exercise (A) and at the ventilatory threshold (B) in participants with chronic fatigue syndrome
(CFS) and control participants during cardiopulmonary exercise test 1 (blue bars) and cardiopulmonary exercise test 2 (gold bars).
Error bars represent 1 standard deviation.

Metabolic and Workload Measurements in Chronic Fatigue Syndrome
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Discriminative Validity of Metabolic
and Workload Measurements for
Identifying People With Chronic
Fatigue Syndrome
Christopher R. Snell, Staci R. Stevens, Todd E. Davenport, J. Mark Van Ness

Background. Reduced functional capacity and postexertion fatigue after physical
activity are hallmark symptoms of chronic fatigue syndrome (CFS) and may even
qualify for biomarker status. That these symptoms are often delayed may explain the
equivocal results for clinical cardiopulmonary exercise testing in people with CFS.
Test reproducibility in people who are healthy is well documented. Test reproduc-
ibility may not be achievable in people with CFS because of delayed symptoms.

Objective. The objective of this study was to determine the discriminative validity
of objective measurements obtained during cardiopulmonary exercise testing to
distinguish participants with CFS from participants who did not have a disability but
were sedentary.

Design. A prospective cohort study was conducted.

Methods. Gas exchange data, workloads, and related physiological parameters
were compared in 51 participants with CFS and 10 control participants, all women,
for 2 maximal exercise tests separated by 24 hours.

Results. Multivariate analysis showed no significant differences between control
participants and participants with CFS for test 1. However, for test 2, participants
with CFS achieved significantly lower values for oxygen consumption and workload
at peak exercise and at the ventilatory or anaerobic threshold. Follow-up classification
analysis differentiated between groups with an overall accuracy of 95.1%.

Limitations. Only individuals with CFS who were able to undergo exercise
testing were included in this study. Individuals who were unable to meet the criteria
for maximal effort during both tests, were unable to complete the 2-day protocol, or
displayed overt cardiovascular abnormalities were excluded from the analysis.

Conclusions. The lack of any significant differences between groups for the first
exercise test would appear to support a deconditioning hypothesis for CFS symp-
toms. However, the results from the second test indicated the presence of CFS-related
postexertion fatigue. It might be concluded that a single exercise test is insufficient
to reliably demonstrate functional impairment in people with CFS. A second test
might be necessary to document the atypical recovery response and protracted
fatigue possibly unique to CFS, which can severely limit productivity in the home and
workplace.
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Chronic fatigue syndrome and mitochondrial dysfunction 
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Abstract: This study aims to improve the health of patients suffering from chronic fatigue syndrome (CFS) by 
interventions based on the biochemistry of the illness, specifically the function of mitochondria in producing ATP 
(adenosine triphosphate), the energy currency for all body functions, and recycling ADP (adenosine diphosphate) 
to replenish the ATP supply as needed. Patients attending a private medical practice specializing in CFS were 
diagnosed using the Centers for Disease Control criteria. In consultation with each patient, an integer on the Bell 
Ability Scale was assigned, and a blood sample was taken for the “ATP profile” test, designed for CFS and other 
fatigue conditions. Each test produced 5 numerical factors which describe the availability of ATP in neutrophils, 
the fraction complexed with magnesium, the efficiency of oxidative phosphorylation, and the transfer efficiencies 
of ADP into the mitochondria and ATP into the cytosol where the energy is used. With the consent of each of 71 
patients and 53 normal, healthy controls the 5 factors have been collated and compared with the Bell Ability 
Scale. The individual numerical factors show that patients have different combinations of biochemical lesions. 
When the factors are combined, a remarkable correlation is observed between the degree of mitochondrial 
dysfunction and the severity of illness (P<0.001). Only 1 of the 71 patients overlaps the normal region. The “ATP 
profile” test is a powerful diagnostic tool and can differentiate patients who have fatigue and other symptoms as 
a result of energy wastage by stress and psychological factors from those who have insufficient energy due to 
cellular respiration dysfunction. The individual factors indicate which remedial actions, in the form of dietary 
supplements, drugs and detoxification, are most likely to be of benefit, and what further tests should be carried 
out.  
 
Key Words: Chronic fatigue syndrome, myalgic encephalomyelitis, mitochondria, neutrophils, oxidative 
phosphorylation. 
 
 
 
 
Introduction 
 
Chronic Fatigue Syndrome (CFS) is a 
multisystem illness that robs its victims of their 
health and their dignity. Two of the most 
characteristic and debilitating signs of CFS are 
very poor stamina and delayed post-exertional 
fatigue. Sometimes the fatigue is mainly 
mental, and sometimes mainly physical. 
Fatigue is the same as lack of energy and 
energy comes from the basic metabolic 
process of the oxidation of food. 
  
A widely-held hypothesis (A) is that the 
metabolism of people with CFS is normal, but 
the fatigue and other symptoms are due to 
psychological factors. It is acknowledged that 
physical fatigue is lack of energy, but mental 

fatigue is considered to be a subjective 
sensation characterized by lack of motivation 
and of alertness [1], even though the brain is a 
major consumer of resting cellular energy. 
Patients may demonstrate negative illness 
beliefs that increase the severity of the 
symptoms [2, 3]. However, if the metabolism is 
functioning properly, the fatigue and related 
symptoms must be due to energy being 
wasted by the mental and physical processes 
of stress, anxiety, tension and depression. 
Patients should be able to be helped, possibly 
cured by psychological intervention, e.g. 
cognitive behavioural therapy. In order to 
explain the post-exertional malaise an ancillary 
hypothesis (A') is needed, namely 
deconditioning due to disuse of muscles. 
However, hypothesis A' is not supported by 
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limit is still several Standard Errors above zero. 
 
In Figure 4B the Energy Scores are plotted as a 
function of the age of each participant. It is 
believed that mitochondria play a major role in 
the aging process [31, 33] so there is the 
possibility that the younger mean age of the 

control group as compared to the patient 
group may influence our results. We have 
looked at the age dependence of all 5 factors 
and see no effect, and this is not surprising in 
view of the wide spread in values of each 
factor. The Energy Score is a more reliable 
measure of mitochondrial dysfunction. In 

Figure 4.  The Mitochondrial Energy Score. A. The Energy Score plotted against CFS Ability with a point for 
each patient. A point for each control is plotted at CFS Ability = 10. The horizontal dashed line at Energy Score 
= 1.00 is our normalisation at the minimum Energy Score for controls. Also shown is the best straight line fit 
to the patient data. B. The Energy Score plotted vs. Age of patients and controls. 
 

Table 2. Parameters of straight line fit to Mitochondrial Energy Score data 

Straight line fit results 

Slope 0.132± 0.012 Observed t-test 11.4 

Intercept - 0.123± 0.042 Degrees of freedom 69† 

R2 0.645* t-test probability, P < 0.001 

*R2 (called the “coefficient of determination” or the “explained variation”) is 
the square of the product moment correlation coefficient. 
† There are 71 data points and 2 parameters, slope and intercept. 

 

 



Increased nuclear factor-jB and loss of p53 are key mechanisms in Myalgic
Encephalomyelitis/chronic fatigue syndrome (ME/CFS)

Gerwyn Morris a, Michael Maes b,⇑
a Tir Na Nog, Pembrey, Llanelli, UK
b Maes Clinics @ TRIA, Bangkok, Thailand

Introduction

Fukuda et al. [1] suggest that the label ‘‘chronic fatigue syn-
drome’’ (CFS) is applied to people who present with chronic fatigue
and at least four self reported symptoms, which are not explained
by routine blood testing. Other more liberal criteria require the
presence of idiopathic chronic fatigue [2,3]. Maes et al. [4] found
that Fukuda’s criteria may be adequate to differentiate people with
CFS from those with idiopathic chronic fatigue. However, the terms
CFS and even chronic fatigue have been used to describe people
with Myalgic Encephalomyelitis (ME). The diagnosis of CFS accord-
ing to Fukuda’s criteria [1] defines a heterogeneous population of
individuals with chronic fatigue, of whom individuals with ME
are a subset [4,5]. In fact, patients with ME/CFS according to Fuku-
da’s criteria should be divided into those with post-exertional

malaise (PEM; termed ME) and without PEM (termed CFS) [4].
Thus, the use of the much wider criteria created by Sharpe et al.
[3] and Reeves et al. [2], coupled with the mandatory exclusion
of neurological signs and symptoms, produce heterogeneous study
cohorts or cohorts where only few if any patients actually suffer
from ME [6]. These inclusion and exclusion criteria have caused
biased study results and wasted research funds [7].

ME/CFS patients suffer from a disease, which has at its core the
inability to make energy on demand [8,9]. The World Health Orga-
nization considers ME to be a nervous system disease. ME/CFS is an
acquired neuro-immune disease [4,8,9] involving malfunctioning
of the central nervous (CNS) [10–12] and immune system
[4,13–16]; pathologically dysfunctional impairments in cellular
energy metabolism and ion transport mechanisms [17–19]; and
abnormalities of the autonomic nervous and cardiovascular system
[20–22]. Other findings indicate that ME may share basic immune
pathophysiology with CFS but with additional PEM and signifi-
cantly more immune disorders [4]. Marked cognitive and or phys-
ical fatigability following mental and physical activities are
symptoms that typically occur in ME [8,9]. Post-exertional exacer-
bations of key symptoms, such as fatigue, hyperalgesia, malaise
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Activation of immuno-inflammatory pathways

Low p53 
High NF-ƙB 
Low ATP 
Mitochondrial dysfunction 

Leads to… 
• neurocognitive symptoms
• greater muscle fatigability
• reduced exercise capacity due to 

the inability of mitochondria to 
increase respiration rates 
according to increases in demand



๏ Fear of worsening symptoms
๏ Can lead to deconditioning

๏ 40% of FM patients have a high level of fear

๏ Likely less in ME/CFS but prevalence unknown

๏ CBT strategies can be helpful

REVIEWARTICLE

Fear of movement and avoidance behaviour toward physical
activity in chronic-fatigue syndrome and fibromyalgia:
state of the art and implications for clinical practice
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Abstract Severe exacerbation of symptoms following phys-
ical activity is characteristic for chronic-fatigue syndrome
(CFS) and fibromyalgia (FM). These exacerbations make it
understandable for people with CFS and FM to develop fear
of performing body movement or physical activity and con-
sequently avoidance behaviour toward physical activity. The
aims of this article were to reviewwhat measures are available

for measuring fear of movement and avoidance behaviour, the
prevalence fear of movement and avoidance behaviour toward
physical activity and the therapeutic options with fear of move-
ment and avoidance behaviour toward physical activity in
patients with CFS and FM. The review revealed that fear of
movement and avoidance behaviour toward physical activity is
highly prevalent in both the CFS and FM population, and it is
related to various clinical characteristics of CFS and FM,
including symptom severity and self-reported quality of life
and disability. It appears to be crucial for treatment (success) to
identify CFS and FM patients displaying fear of movement and
avoidance behaviour toward physical activity. Individually tai-
lored cognitive behavioural therapy plus exercise training,
depending on the patient’s classification as avoiding or
persisting, appears to be the most promising strategy for
treating fear of movement and avoidance behaviour toward
physical activity in patients with CFS and FM.

Keywords Chronic-fatigue syndrome . Chronic pain . Fear
avoidance . Fear of movement .Fibromyalgia .Kinesiophobia

Abbreviations
FM Fibromyalgia
CFS Chronic-fatigue syndrome
TSK Tampa scale of kinesiophobia

Introduction

Chronic-fatigue syndrome (CFS) and fibromyalgia (FM) are
severely disabling and largely overlapping [1, 2] disorders,
both characterised by chronic fatigue, chronic widespread
pain, concentration difficulties and physical inactivity [3, 4].
Both disorders are associated with high direct and indirect
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PRACTICAL ADVICE

๏ All physical activity should be thought of as exercise

๏ Before you can start a formal exercise program, you need 
to…
๏ Know your current activity tolerance

๏ Define your energy envelope and be living within it

๏ Know your Anaerobic Threshold (AT) and Target Heart Rate (THR)

๏ Create a detailed plan 



PACING BY THE NUMBERS



๏ Maximum Heart Rate (MHR) = 220 - age

๏ Anaerobic threshold (AT)
๏ The point at which you stop using oxygen to metabolize fuel

๏ AT usually occurs at 65% - 95% of MHR (depending on fitness)

๏ AT is reduced in ME/CFS (happens at a lower heart rate)
๏ Want at “buffer”: use 50% - 60%

๏ Target Heart Rate = (220 - age) x 0.5

PACING BY THE NUMBERS



๏ Frequency > Duration > Intensity

๏ Increase the frequency of exercise before increasing the duration

๏ Increase the duration of exercise before you increase the intensity

๏ More is not better

๏ Avoid the "no pain, no gain" approach

๏ Individualize your program

๏ Set realistic goals
๏ Start low and go slow

๏ Monitor yourself

EXERCISE GUIDELINES



WHEN TO MOVE UP OR DOWN A LEVEL

๏ Your doing too much if…
๏ If you’re experiencing post-exertional malaise

๏ If your energy envelope is contracting

๏ If your participation in your exercise plan is at the expense of your 
activities of daily living or socializing, 

๏ Otherwise, consider an increase in level




