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ABSTRACT	

OBJECTIVE:	 To	determine	 the	diagnostic	 accuracy	of	 the	 cardiopulmonary	exercise	 testing	 to	discriminate	between	
mitochondrial	myopathy	(MM)	and	chronic	fatigue	syndrome	(CFS).	
	
METHODS:	 Nineteen	 CFS	 and	 27	MM	 patients	 (18-65	 years)	 were	 consecutively	 recruited	 from	 subjects	 sent	 to	 a	
neurology	 consultation	 by	 exercise	 intolerance.	 18	 healthy	 subjects	 were	 recruited	 as	 control	 group.	 A	 baseline	
spirometry	 and	 a	 symptom-limited	 incremental	 cycle	 exercise	 test	 were	 conducted	 in	 all	 subjects.	 Cardiovascular	
response	was	mainly	assessed	by	the	peak	heart	rate	(HR)	and	the	HR	slope.	Biomechanical	efficiency	was	assessed	by	
the	total	work	oxygen	cost	(ΔV´O2/ΔW)	during	exercise	and	recovery.	
	
RESULTS:	Patients	with	MM	or	CFS	showed	a	limited	exercise	tolerance,	demonstrated	by	a	lower	peak	oxygen	uptake	
and	peak	work	rate	 than	control	subjects.	CFS	patients	had	a	higher	HR	slope	 (9.6±3.1	vs.	7.2±2.1	1/ml/Kg,	p=0.02)	
and	a	lower	work	ΔV´O2/ΔW	(12.1±2.9	vs.	16.0±3.9	ml/min/w,	p<0.001)	than	MM	patients.	The	area	under	the	ROC	
curves	of	the	HR	slope	and	work	ΔV´O2/ΔW	to	discriminate	between	CFS	and	MM	were	0.72	(CI95%:0.56-0.87)	and	
0.79	(CI95%:0.65-0.92),	respectively.	
	
CONCLUSION:	 As	 response	 parameters	 to	 cardiopulmonary	 exercise	 testing,	 HR	 slope	 and	 work	 ΔV´O2/ΔW	 have	
shown	to	be	useful	in	discriminating	between	CFS	and	MM.	
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1. Introduction 
Chronic fatigue syndrome (CFS) and mitochondrial 

myopathy (MM) can present as exercise intolerance in 
adults with a normal creatine phosphokinase (CK) and 
electromyography. CSF is an illness of unknown cause, 
characterized by disabling fatigue lasting more than 6 
months, and prominently features subjective 
impairments in concentration, short-term memory and 
sleep as well as musculoskeletal pain, in absence of a 
recognizable medical and psychiatric disorder (1). MM 
is one of the most common muscle diseases (2). 
Primary mitochondrial respiratory chain disease is a 
heterogeneous group of disorders characterized by 
impaired energy metabolism due to presumed 
genetically-based oxidative phosphorylation 
dysfunction. Some patients present with symptoms that 
are strongly suggestive of a mitochondrial cytopathy, 
but many have nonspecific symptoms that overlap with 
other diagnosis as CFS. It is probably that true cases of 
MM had been diagnosed as CFS. So, it is necessary to 
be in mind these disorders before the final diagnosis of 
CFS. However, the study of the oxidative 
phosphorylation requires an extensive laboratory 
testing, including a muscle biopsy (3). It would be 
interesting in the clinical practice to have a non-
invasive and easy-to-conduct test, to discriminate 
between both pathologies. 

 
The exercise tolerance test has been studied as a 

diagnostic tool to compare CFS patients with controls 
(4-7), as well as to compare MM patients with controls 
(8-14). Most studies on the physical work capacity of 
CFS have assessed the aerobic capacity by ensuring 
maximal oxygen consumption (V’O2 max) and/or 
heart rate response during exercise (15-19). A typical 
finding in these studies is a low or near normal 
V’O2max (18,19) and lower than anticipated maximal 
heart rate (17,19-22). Thus, the picture emerging from 
previous findings is that CFS patients have an aerobic 
capacity lower than expected when compared with age-
matched healthy subjects and an elevated subjective 
perception of exercise intensity (19). Recent evidence 
suggests that cardiovascular dysregulation may play an 
important role in the etiology of this syndrome (17, 23-
25).  

The few published reports of pulmonary function 
and exercise performance in patients with 
mitochondrial disease have found abnormal cardiac 
and ventilatory responses, low maximal oxygen uptake, 
high respiratory exchange ratio at maximal exercise, 
and elevated blood lactate levels during exercise that 
recovers slowly following completion of exercise 
(26,27). The low oxygen cost of exercise (oxygen 
uptake/Watt) reported in MM patients (27) has been 
interpreted as an increase in exercise efficiency. 
Nevertheless, since it has been described in other 
entities (28), the patients with MM might develop an 

oxygen deficit during the exercise that is repaid as an 
oxygen debt during the recovery after the exercise. 
Thus, to obtain an accurate measure the biomechanical 
efficiency of these patients, the total oxygen cost (work 
ΔV’O2/ΔW) during exercise and recovery must be 
measured. 

As the cardiovascular and metabolic responses to 
exercise are likely to be different between both 
pathologies, the aim of this study was to determine the 
diagnostic accuracy of the cardiopulmonary exercise 
testing to discriminate between mitochondrial 
myopathy and chronic fatigue syndrome. 

 

2. Patients and Methods 
Study subjects 
CFS and MM patients, between 18 and 65 years 

old, were consecutively recruited from subjects sent to 
a neurology consultation by exercise intolerance during 
the period 2003-2007.  

 
CSF patients were diagnosed using the Fukuda et al 

(1) criteria. They presented a normal muscle biopsy, 
electromyography and a baseline lactate-pyruvate ratio 
to rule out a mitochondrial dysfunction. MM patients 
were diagnosed based on muscle biopsy results 
detecting a significant enzymatic deficiency or on 
molecular investigation demonstrating a mitochondrial 
DNA mutation, according to the criteria defined by 
Walker et al (29). Genetic and biochemical 
characteristics of patients with MM appear in table 1. 
Echocardiographic findings of mitochondrial 
cardiomyopathy and alterations of the cardiac 
conduction system (except Left Bundle Branch Block) 
were considered exclusion criteria, as well as the 
treatment with ß-blockers, calcium-antagonist, 
diuretics, steroids, acetylsalicylic acid and oral 
contraceptive. 

Control subjects were healthy volunteers randomly 
selected from the general population of Madrid 
metropolitan area. All had normal findings on physical 
examination, spirometry, thoracic radiography, 
hemogram, electrocardiogram, and biochemistry. This 
group was recruited to confirm that patients with CFS 
or MM presented intolerance exercise during a 
cardiopulmonary exercise testing.  

All participants gave their written consent and the 
study was approved by the local Ethics Committee for 
Clinical Investigation. 

 
Procedures 
Spirometry was performed by means of a 

pneumotachograph (MasterLab Body, Erich Jaeger 
GmbH, Würzburg, Germany), according to current 
recommendations (30). Predicted values used were 
those of the European Coal and Steel Community (31). 

After 30 min of rest, symptom-limited incremental 
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cycle exercise tests were conducted on an 
electronically braked cycle ergometer (Ergobex, 
Bexen, Spain) according to the standards of the 
American Thoracic Society/American College of Chest 
Physicians (ATS/ACCP) statement (32). The exercise 
test was performed at stable room temperature (20-
25ºC) and at humidity of 40-60%. Equipment was 
calibrated immediately before each test.  

The initial 2 min consisted of resting data collection 
followed by 1 min of unloaded cycling. Subsequently, 

workload was increased by 15-20 W/min until maximal 
symptom-limited exercise was achieved. Pedaling rates 
were maintained between 50 and 60 revolutions per 
minute. At the completion of exercise, subjects were 
allowed to pedal slowly (20 to 30 revolutions per 
minute) for the first 60 s of recovery but then sat 
quietly on the ergometer. V’O2 measurements were 
continued after the completion of exercise until the 
respiratory exchange ratio was < 1.0 for 30 s for the 
determination of oxygen debt (28).

 
Table 1. Genetic and biochemical characteristics of the patients with mitochondrial myopathy 

 

Abbreviations: COX=cytochromeoxidase; SDH=succinic dehydrogenase; CPEO= chronic progressive external ophtalmoplegia; 
E=encephalopathy; M=miopathy without oftalmoplegia; KSS=Kearns Sayre síndrome; MELAS=mitochondrial encephalopathy with 
lactic acidosis and stroke episodes; MERFF=myoclonic encephalopathy with ragged-red fibers; ND=No done; No mut./No del=no 
mutation/no deletion. 

* It was considered positive as >2% COX- negative fibers if <50 years of age or >5% COX- negative fibers if >50 years of age

 

 
Molecular biology Biochemical deficiency COX-negative fibers* Ragged- red fibers 

CPEO 1 No mut./No del. I ND No 

CPEO2 ND ND ND >2% 

CPEO 3 Simple deletion I+ III+IV ND >2% 

CPEO 4 ND None ND >2% 

CPEO 5 No mut./No del. I ND No 

CPEO 6 No mut./No del. III No No 

CPEO 7 Simple deletion ND Yes >2% 

CPEO 8 No mut./No del. None ND >2% 

CPEO 9 ND None ND >2% 

CPEO10 No mut./No del. None ND >2% 

CPEO11 No mut./No del. None ND >2% 

KSS1 Multiple deletion I+IV Yes >2% 

M1 No mut./No del. I ND No 

M2 3250tRNAleu I Yes >2% 

M3 No mut./No del. I+IV ND >2% 

M4 Multiple deletion None ND >2% 

M5 No mut./No del. II ND No 

M6 Multiple deletion I ND >2% 

M7 No mut./No del. I ND >2% 

M8 No mut./No del. I ND No 

MELAS1 A3243GtRNAleu I ND >2% 

MELAS2 A3243GtRNAleu I No >2% 

MELAS3 A3243GtRNAleu I Yes >2% 

MERFF1 A8344GtRNAlys I+IV Yes >2% 

MERFF2 A8344GtRNAlys ND ND ND 

MERFF3 A8344GtRNAlys ND ND ND 

MERFF4 A8344GtRNAlys ND ND ND 
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Expired gases and ventilation were measured on a 
metabolic cart that uses a pneumotachograph 
positioned at the mouth with O2 and CO2 analyzers 
(Oxycon Alpha, Jaeger). This allowed for breath-by-
breath measurements of oxygen uptake (V’O2), carbon 
dioxide production (V’CO2), minute ventilation (VE), 
respiratory rate (f), and tidal volume (VT). The 
continuous output of the automated system was 
recorded and displayed on an on-line PC computer 
where all data were saved for later analysis. The system 
was calibrated to ensure an appropriate phase response. 
In all patients, heart rate, heart rhythm, blood pressure, 
and oxygen saturation were continuously monitored. In 
addition, full 12-lead electrocardiograms were 
monitored during each minute of exercise and 
recovery. Oxyhemoglobin saturation (SpO2) was 
continuously monitored by a finger Oscar II pulse 
oximeter (Datex, Helsinki, Finland).  

Resting V’O2 was a 2-min average at rest and 
unloaded V’O2 was the 1-min average during the 
unloaded pedaling. Maximal work rate (Wmax) was 
defined as the highest work rate that the subject was 
able to maintain for at least 30 s. The submaximal 
parameters of cardiopulmonary function analyzed were 
the peak power (peak W), oxygen uptake (peak V’O2), 
minute ventilation (peak VE), respiratory frequency 
(peak f), oxygen pulse or V´O2/HR (peak O2 Pu) and 
peak HR. The slope of the cardiovascular response (HR 
slope or ΔHR/ΔV’O2) was derived by linear regression 
analysis of a plot of HR versus V`O2 during 
incremental exercise. Calculation of the oxygen debt 
used all VO2 during recovery above the resting VO2 
until the RER was < 1.0 for 30 s. The work oxygen 
cost (ΔV’O2/ΔW) was defined as the exercise oxygen 
cost (the sum of V’O2 during exercise above the 
unloaded V˙O2 divided by the sum of Watts during 
exercise) plus recovery oxygen cost (sum of V’O2 
during recovery above rest V`O2 divided by the sum of 
Watts during exercise) (28). 

Finally, anaerobic threshold (AT) was estimated 
using the nadirs of ventilator equivalents and the V-
slope method; both methods were used concurrently 
looking for consistency (32). If AT was clearly 
discernible using either of the noninvasive methods, 
this value was reported. When differences in AT were 
observed between both techniques, the average value 
was used. However, in situations in which AT was not 
discernible using either method, the AT was 
categorized as indeterminate. The predicted values of 
Jones and coworkers were used for the exercise 
measurements (33). 

 

Statistical analysis 
Data are presented according to current standards 

for the reporting of diagnostic accuracy studies 
(STARD) statement. Results are expressed as mean ± 
standard deviation or frequency, depending on the type 
of data. In the univariate analysis, the Student’s t test 
was used for comparisons between quantitative 
variables, and the Chi-squared and Fisher’s exact tests 
were used for comparison of qualitative variables. For 
comparisons of multiple quantitative variables an 
analysis of variance (ANOVA) with the Bonferroni 
post-hoc test was used. The areas under the receiver 
operating characteristic (ROC) curves were calculated 
for quantitative variables with statistically significant 
results in the univariate analysis. For the statistical 
analysis the SPSS 15.0 package was used, considering 
p<0.05 as statistically significant. 

3. Results 
Demographic and spirometric data are shown in 

table 2. There were no statistically significant 
differences between the groups in the measured 
variables.  

 
Table 2.Demographic and spirometric characteristics of the 
study groups* 

 SFC Group 
(N=19) 

MM Group 
(N=27) 

Control 
Group 
(N=18) 

Gender, % 
women 79 52 61 

Age, years 43 ± 13 40 ± 14 41 ± 6 
Height, cm 166 ± 8 164 ± 9 163 ± 8 
Weight, Kg 65 ± 8 62 ± 11 61 ± 8 

BMI, Kg/m
2
 24 ± 2.7 23 ± 3.7 23 ± 2.7 

Current 
smokers, % 32 23 22 

FVC, % pred. 101 ± 15 97 ± 10 100 ± 9 
FEV1, % pred. 100 ± 12 95 ± 7 99 ± 9 
FEV1/FVC, % 84 ± 5 83 ± 6 83 ± 5 

 

∗ Data presented as mean ± standard deviation or percentage. 
Abbreviations: BMI = body mass index; FVC=forced vital 
capacity; FEV1=forced expiratory volume at 1 second. 

 
The main parameters of respiratory, cardiovascular, 

and metabolic responses to exercise of the three study 
groups are shown in table 3. With regard to the control 
subjects, patients with MM or CFS showed a limited 
exercise tolerance, demonstrated by their lower peak 
oxygen uptake and peak work rate. Between MM and 
CFS groups, significant differences in HR slope 
(p=0.02) and work ΔV´O2/ΔW (p<0.001) were 
obtained.
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Table 3.Exercise response in the three study groups* 

 SFC Group 
(n=19) 

MM Group 
(n=27) 

Control Group 
(n=18) 

Resting HR, min-1 78 ± 9 81 ± 16 77 ± 8 
Resting V´O2, ml/min 238 ± 66 240 ± 90 249 ± 62 
Peak W, w 68 ± 34 † 75 ± 32 † 136 ± 36 
Peak VE, l/min 41.3 ± 15.6 § 47.6 ± 20.3 57.2 ± 14.1 
BR, % 65 ± 11 † 58 ± 18 † 38 ± 11 
peak f, min-1 26 ± 7 † 31 ± 8 34 ± 4 
peak VT, ml 1638 ± 651 1552 ± 561 1694 ± 449 
peak ΔVE/ΔV’CO2 31.2 ± 5.2 30.0 ± 5.4 30.2 ± 4.9 
peak ΔVE/ΔV’O2 32.3 ± 5.7 34.2 ± 8.4 32.5 ± 8.5 
peak VD/VT 0.1 ± 0.0 0.1 ± 0.0 0.2 ± 0.0 
peak HR, min-1 136 ± 21 † 143 ± 18 † 160 ± 10 
HRR, min-1 41 ± 14 † 39 ± 18 † 22.5 ± 8.5 
HR slope, 1/ml/Kg 9.6 ± 3.1 † 7.2 ± 2.1 5.8 ± 1.2 
peak V´O2/HR, ml 9.9 ± 3.9 9.3 ± 3.7 11.3 ± 2.1 
peak V’O2, ml/min/Kg 18.5 ± 6.6 † 21.1 ± 7.9 † 29.9 ± 5.6 
peak V’O2, % pred. 70 ± 16 § 66 ± 21 † 84 ± 8 
Work ∆V’O2/ΔW, ml/min/w 12.1 ± 2.9 ¶ 16.0 ± 3.9 † 11.7 ± 1.3 
AT, %V’O2max 45.4 ± 18.6 41.1 ± 22.8 § 57.4 ± 7.0 

 
∗ Data are presented as average ± standard deviation or percentage. Abbreviations: HR=heart rate, V´O2=oxygen uptake, W=work rate, VE=minute 

ventilation, BR=breathing reserve, f=respiratory rate, VT=tidal volume, VD/VT=death space volume/tidal volume ratio, HRR=heart rate reserve, 
HR slope=cardiovascular response slope, V´O2/HR=oxygen pulse, ∆V´O2/W=oxygen cost, AT=anaerobic threshold. 

Average comparison by ANOVA and post-hoc Bonferroni correction: † p<0.001 vs. control group, ‡ p<0.01 vs. control group, § p<0.05 vs. control 
group, ¶ p<0.001 vs. MM group, # p<0.01 vs. MM group.

 

The area under the ROC curve of the HR slope to 
discriminate CFS was 0.718 [CI 95%: 0.56- 0.87] 
(Figure 1). The cutoff point to achieve a better 
sensitivity-specificity relationship was 8.65 1/ml/kg. In 
the patients with exercise intolerance, a HR slope > 
8.65 1/ml/Kg allowed to identify CFS with a sensitivity 

of 63.2 (95%CI: 38.6-82.8%), specificity 82.1% 
(95%CI: 62.4-93.2%), positive predictive value 70.6% 
(95%CI: 44.1-88.6%), negative predictive value 76.7% 
(95%CI: 57.3-89.4%), likelihood-ratio positive 3.5 
(95%CI: 1.5-8.4) and accuracy 74.5% (95%CI: 59.4-
85.6%). 
 

 

 

Figure 1. HR slope ROC curve to discriminate chronic fatigue syndrome 
(CFS) and work ∆V´O2/W ROC curve to discriminate mitochondrial 
myopathy (MM). 

The area under the ROC curve of the work 
ΔV´O2/ΔW to discriminate MM was 0.79 [CI 95%: 
0.65-0.92] (Figure 1). A work oxygen cost 
(ΔV’O2/ΔW) > 12.8 ml/min/w identify a MM with a 
sensitivity of 76.7 (95%CI: 57.3-89.4%), specificity 
57.9% (95%CI: 34.0-78.9%), positive predictive value 

74.2% (95%CI: 55.1-87.5%), negative predictive value 
61.1% (95%CI: 36.1-81.7%), likelihood-ratio positive 
1.8 (95%CI: 1.04-3.20) and accuracy 69.4% (95%CI: 
54.4-81.3%).  

 
Figure 2 represents the probability of being a 
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patient with CFS as a function of the HR slope value 
obtained in the cardio-pulmonary exercise test. 
Increases in this value produce an increase in the 
probability of having CFS, and patients are distributed 

along the entire curve starting at very low values. A cut 
point at 12.36 1/ml/kg results in a 21% sensitivity in 
the ROC curve. Below this value, all patients with MM 
in our sample can be found.

 

 

Figure 2. Probability of having mitochondrial myopathy as a function of 
HR slope. 

 
Figure 3 represents the probability of being a 

patient with CFS as a function of the work ΔV´O2/ΔW 
value obtained in the exercise tolerance test. Unlike in 
the previous figure, patients with CFS are not 
distributed along the entire curve, and have a low 

probability of suffering this disease with values above 
17 ml/min/watt. On the other hand, values less than 
10.4 ml/min/watt (100% of sensitivity in the ROC 
curve) would have a low probability of belonging to 
the MM group.

 

 

Figure 3. Probability of having mitochondrial myopathy as a function of 
∆V´O2/W. 

4. Discussion 
There were two major findings of this study. First, 

patients with MM and CSF presented less exercise 
capacity (peak V´O2 and peak W) compared to 
controls. Secondly, there were important differences in 

the metabolic and cardiovascular response to exercise 
tolerance test between MM and CSF. 

As reported in previous studies (4-14), peak V’O2 
is diminished in both groups of patients in compared 
with controls. In patients with MM, oxygen 
consumption is limited by structural and functional 
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damage in mitochondrial oxidative phosphorylation, in 
addition to the negative role played by lack of physical 
conditioning (8-14). In patients with CFS, it has been 
hypothesized that physical deconditioning plays a role 
in fatigue maintenance, since it is possible that the 
tendency towards hypovolemia, by reduction of 
venomotor tone and the depletion of salt, collaborates 
with the reduction in oxygen consumption to affect 
cardiac output (6). However, in our study, there was no 
significant difference between control subjects and 
both groups of patients in oxygen pulse (table 3), so the 
results found cannot be explained by differences in 
physical condition. What is the exercise limiting factor 
in CSF? We observed that the peak HR of the MM and 
CFS groups is significantly lower than that of controls, 
without differences in basal HR between them. The HR 
slope or slope with which heart rate increases is, on the 
other hand, significantly superior in the CFS group 
with respect to the two remaining comparative groups. 
De BP et al. (5) also reported significantly lower peak 
HR in CFS patients in compare with control subjects. 
These authors hypothesized that a lower peak HR as a 
consequence of a slow acceleration in response to 
exercise. In according to our results, this conclusion 
may be incorrect because of they did not measured the 
HR slope. We suggested that an excessive 
tachycardization in response to exercise provokes early 
fatigue and it is the exercise limiting factor in CSF. 

The study of pacemaker regulation by the systemic 
nervous system has been the protagonist in the 
literature dedicated to CFS, supported by the theory 
that acute or persistent viral infection (post-viral CFS) 
favors a chronotropic hyper-response to exercise (34-
36). On the other hand, a disproportionate cardiac 
response to exercise has been documented in healthy 
individuals with physical deconditioning (37). In our 
study, with comparable degrees of physical 
conditioning (peak V´O2/HR) in both groups of 
patients, significant differences were only found in the 
HR slope with respect to controls in the CFS group. 
Therefore we can conclude that some unknown factor 
exists, present in CFS, that interferes with the control 
of heart rate, and that could favor the maintenance of 
fatigue. Along these lines Boneva et al (38) find that 
compared to controls, patients with CFS present an 
increased HR and a reduction in the variability of HR 
that persists during sleep, which is associated with a 
higher basal level of norepinephrine and a lower basal 
level of aldosterone. These findings support the theory 
that alterations in cardiovascular regulation, secondary 
to an autonomic cardiovascular deregulation in favor of 
the sympathetic system, play an important role in the 
physiopathology of this disease. 

What is most relevant for clinical practice, and the 
objective of our study, is to find non-invasive and 
easily reproducible parameters that permit the 
differentiation of patients with CFS and MM, since 

patients with CFS may simulate the presentation of 
latent MM. In our study, HR slope and work oxygen 
cost (ΔV´O2/ΔW) have shown significant 
discriminative capacity between CFS and MM patients. 

The probability curve of having CFS as a function 
of the HR slope (Figure 2) reflects how an increase in 
HR slope, that is “greater tachycardization” in response 
to exercise, increases the probability of belonging to 
the group with CFS. In our series no patient with MM 
was found above 10.6 1/ml/kg. For this value, 
according to the model we have developed, the 
probability of a patient belonging to the CFS group is 
approximately 75%. The area under the ROC curve of 
this parameter is 0.731 (p<0.02). This value is 
acceptable, even more so taking into account the 
sample size of our study. 

To our knowledge, any previous study has 
accounted for the increase in recovery oxygen uptake 
in the evaluation of efficiency of patients with exercise 
limitation secondary to MM or CFS. We found total 
oxygen cost is greater when oxygen consumption 
during recovery is included for patients with 
mitochondrial myopathy. This finding implies that MM 
patients were not efficient but rather were 
accumulating a large oxygen debt due to reliance on 
anaerobic metabolism that was repaid after the 
completion of exercise. The probability curve for 
having CFS as a function of the work oxygen cost 
adopts a more sigmoid shape than that described 
before, and is correlated with a significantly greater 
area under the ROC curve (0.787). In figure 3 we can 
see how values less than 10.4 ml/min/watt are not 
found in any patient with MM in our sample. With this 
value, the probability of belonging to the CFS group is 
73%. In the reverse sense, a greater work ΔV´O2/ΔW 
means less probability of having CFS, so that for 
values greater than 16 ml/min/watt all patients in our 
study belong to the MM group. 

In conclusion, the slope of the cardiovascular 
response (HR slope) and the work oxygen cost 
(ΔV´O2/ΔW) have shown to be useful in 
discriminating between chronic fatigue syndrome and 
mitochondrial myopathy. More powerful studies should 
be conducted to support the value of the 
cardiopulmonary exercise testing as a non-invasive tool 
in the study of patients with idiopathic chronic fatigue. 
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