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Abstract: (1) Introduction: Multiple studies have shown that peak oxygen consumption is reduced in
the majority of myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS )patients, using the
gold standard for measuring exercise intolerance: cardiopulmonary exercise testing (CPET). A 2-day
CPET protocol has shown different results on day 2 in ME/CFS patients compared to sedentary
controls. No comparison is known between ME/CFS and idiopathic chronic fatigue (ICF) for 2-day
CPET protocols. We compared ME/CFS patients with patients with chronic fatigue who did not
fulfill the ME/CFS criteria in a male population and hypothesized a different pattern of response
would be present during the 2nd day CPET. (2) Methods: We compared 25 male patients with ICF
who had completed a 2-day CPET protocol to an age-/gender-matched group of 26 male ME/CFS
patients. Measures of oxygen consumption (VO,), heart rate (HR), systolic and diastolic blood
pressure, workload (Work), and respiratory exchange ratio (RER) were collected at maximal (peak)
and ventilatory threshold (VT) intensities. (3) Results: Baseline characteristics for both groups were
similar for age, body mass index (BMI), body surface area, (BSA), and disease duration. A significant
difference was present in the number of patients with fibromyalgia (seven ME/CFS patients vs. zero
ICF patients). Heart rate at rest and the RER did not differ significantly between CPET 1 and CPET 2.
All other CPET parameters at the ventilatory threshold and maximum exercise differed significantly
(p-value between 0.002 and <0.0001). ME/CFS patients showed a deterioration of performance on
CPET2 as reflected by VO, and workload at peak exercise and ventilatory threshold, whereas ICF
patients showed improved performance on CPET2 with no significant change in peak workload.
(4) Conclusion: This study confirms that male ME/CFS patients have a reduction in exercise capacity
in response to a second-day CPET. These results are similar to published results in male ME/CFS
populations. Patients diagnosed with ICF show a different response on day 2, more similar to
sedentary and healthy controls.

Keywords: chronic fatigue syndrome; cardiopulmonary exercise testing; VO, peak; ventilatory
threshold; VO, AT; RER; myalgic encephalitis; workload; idiopathic chronic fatigue

1. Introduction

Myalgic Encephalomyelitis /Chronic Fatigue Syndrome (ME/CEFS) is a serious and
potentially disabling chronic disease [1-4]. Little is known about subjects with chronic
fatigue who do not fulfill the criteria for ME/CFS. Do they have incipient ME/CFS or is
this a different disease process?

One of the defining characteristics of patients with ME/CFS is exercise intolerance
combined with a prolonged recovery and exacerbation of symptoms termed post-exertional
malaise (PEM) [5,6]. The increase in fatigue and other symptoms following increases in
activity is thought to involve metabolic abnormalities of skeletal muscles as well as central
nervous system abnormalities [5,7-12].
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Disability in ME/CFS is multi-dimensional, with social, physical, mental, training,
and labor dimensions [4]. A measurement of peak oxygen consumption might indicate
the severity of physical activity intolerance [13-24]. Cardiopulmonary exercise test (CPET)
values of males and females differ amongst other things due to body composition [25-28].
As the majority of ME/CFS patients are female [4], limited studies with limited numbers
on male ME/CFS patients have been reported [17,29,30]. Nelson et al. reported on a
combined female/male patient group with a healthy subject control group: five male
patients and seven male healthy subjects were included in a 10 patient versus 17 healthy
control comparison [29]. Keller studied five males in a combined 22 ME/CFS patient
group and used no control group [17]. We recently reported on a relatively large study
that included 25 male ME/CFS patients; however, no control group was present [30].
Reports in the literature have shown that, especially on the second-day performance,
abnormalities indicative for exercise intolerance abnormalities of ME /CFS become more
obvious [17,20,21,29]. In 2-day CPET protocols, no comparisons have been made between
ME/CEFS patients and those who do not fulfil the criteria ME/CFS and therefore are
diagnosed with idiopathic chronic fatigue (ICF) [1,3].

Therefore, the aim of this study was to study the effect of a 2-day CPET protocol in a
male ME/CEFS patient population to study the effects of 2-day maximal exercise on oxygen
consumption at the ventilatory threshold and peak exercise and compare the results with a
population diagnosed with ICE.

2. Materials and Methods
2.1. Participants

From a database of patients evaluated for ME/CFS over the period from June 2010 to
October 2019 at the Cardiozorg (a specialist cardiology clinic), we selected male patients
who had undergone a 2-day cardiopulmonary exercise test (CPET) protocol for the quantifi-
cation of exercise intolerance in a clinical situation of excessive fatigue. We identified males
who satisfied the criteria for ME/CFS, comparing them with male patients not fulfilling the
criteria and who had been diagnosed with idiopathic chronic fatigue (ICF) [1,3]. Patients
were included in each group provided that no alternative explanations for the symptoms
were found. We limited this study to male patients because of differences in peak oxygen
consumption between males and females and possible gender differences in the clinical
phenotype of the disease. We have reported results on females separately [31-34]. No
important co-morbidities were present. Male ME/CFS patients graded as having severe
ME/CEFS according to the international consensus criteria (ICC) were excluded from this
analysis, as none of the ICF patients of the control group had a disease of comparable
severity.

Of the 111 male patients undergoing CPET over the study period, 35 were diagnosed
with idiopathic chronic fatigue of whom 25 underwent a 2-day CPET protocol. We excluded
33 male ME/CFS male patients who had only completed a single-day CPET and 10 others
who had more than one test, but not on 2 consecutive days. Seven severe male ME/CFS
patients were excluded, leaving 26 male patients with data from a 2-day CPET protocol
available for analysis.

All patients gave written informed consent to analyze their data. The use of clinical
data for descriptive studies was approved by the ethics committee of the Slotervaart
Hospital, the Netherlands.

2.2. Cardiopulmonary Exercise Testing (CPET)

The CPET was performed according to the protocol as described elsewhere and used
in other studies [30,35,36]. Details are described in Appendix A.
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2.3. Statistical Analysis

Data were analyzed using the statistical package of Graphpad Prism version 8.4.2
(Graphpad software, La Jolla, CA, USA). All continuous data were tested for normal
distribution using the D’ Agostino-Pearson omnibus normality test and were presented as
mean (SD) or as median with the IQR, where appropriate. Nominal data (fibromyalgia
and severity/disability) were compared using the chi-square test. For continuous data,
groups were compared using the paired t-test/ Wilcoxon matched-pairs signed-rank test or
unpaired t-test/ Mann-Whitney test where appropriate. A p-value of <0.01 was considered
significantly different.

3. Results
3.1. Baseline Characteristics

Table 1 shows similar age, height, weight, BMI, and disease duration and severity
between groups. Only the prevalence of fibromyalgia differed: seven males in the ME/CFS
patient group and no males in the ICF patient group (p < 0.01).

Table 1. Baseline criteria.

Male ME/CEFS (1 = 26) Male ICF (n = 25) p-Value

Age (years) 44 (12) 43 (10) 0.63
Height (cm) 183 (7) 184 (8) 0.73
Weight (kg) 85 (15) 81 (11) 0.31

BMI (kg/m?) 25.5 (4.0) 224.2 (2.9) 0.18

BSA (m?) 1.7 (0.2) 1.6 (0.2) 0.40
Disease duration (years) 12 (8) 12 (9) 0.97
Disease severity grade % * 10/16 (38/62%) 16/9 (64/36%) 0.07 *
Fibromyalgia present * 7 0 0.005

Disease severity grading: 1 is mild disease and 2 is moderate disease (1); BMI: body mass index (DuBois formula);
BSA: body surface area. Mean (SD), analysis with unpaired t-test; Median (IQR); * analysis with Chi-square.

3.2. Results of the 2-Day Cardiopulmonary Exercise Test Protocol

Table 2 shows the parameters of the CPET on day 1 and day 2 for male ME/CFS
patients on the left side of the table and for male ICF patients on the right side of the table.
Within each diagnostic group, except for heart rate at rest (p = 0.53 and p = 0.76, respectively,
for ME/CFS and ICF patients) and RER (p = 0.08 and p = 0.31, respectively, for ME/CFS
and ICF patients), all parameters at the ventilatory threshold and at peak exercise differed
significantly between day 1 and day 2 (p all <0.0001 for ME/CFS patients and p ranging
between 0.002 and <0.0001 for ICF patients). Figure 1 shows the graphic representation
for absolute (panel A) and percent predicted (panel B) peak oxygen consumption and
absolute (panel C) and percent predicted (panel D) oxygen consumption at the ventilatory
threshold. Within each group, all values differed significantly from day 1 to day 2 (all p <
0.0001). While day-1 values did not differ between ME/CFS and ICF patients, day-2 values
differed significantly between those two groups (p ranging between <0.001 and <0.0001).
Figure 2 illustrates the absolute differences between day 1 and day 2 for the peak oxygen
consumption and oxygen consumption at the ventilatory threshold between day-1 and
day-2. ICF participants improved their CPET performance, while ME/CFS participants
had worse results.



Healthcare 2021, 9, 683 40f 11
Table 2. CPET-1 and CPET-2 variables for male ME/CFS patients (left side) and male ICF patients (right side).
ME/CFS Males (n = 26) ICF Males (n = 25)
Peak Exercise CPET-1 CPET-2 p-Value CPET-1 CPET-2 p-Value
VO; peak (mL/min/kg) 26 (8) 23 (8) <0.0001 28 (8) 31 (8) <0.0001
%pred VO, peak 69 (19) 62 (19) <0.0001 78 (15) 85 (15) <0.0001
HR rest (bpm) 79 (12) 78 (10) 0.53 83 (11) 83 (13) 0.76
HR peak (bpm) 148 (23) 138 (24) <0.0001 160 (22) 165 (20) 0.002
Workload peak (Watts) 195 (46) 175 (45) <0.0001 216 (56) 229 (58) <0.0001
RER peak 1.1(0.1) 1.1 (0.1) 0.08 1.2 (0.1) 1.2 (0.1) 0.31
Ventilatory Threshold CPET-1 CPET-2 p-Value CPET-1 CPET-2 p-Value
VO, VT (mL/min/kg) 15 (4) 11 (3) <0.0001 13 (3) 15 (4) <0.0001
Y%pred VO, VT 39 (9) 31(7) <0.0001 37 (10) 41 (10) <0.0001
HR VT (bpm) 109 (15) 96 (12) <0.0001 103 (12) 109 (14) 0.0002
Workload VT (Watts) 96 (22) 70 (23) <0.0001 81 (22) 95 (26) <0.0001

VT: ventilatory threshold; CPET: cardiopulmonary exercise test; HR: heart rate; pred: predicted; RER: respiratory exchange ratio; VO,:

oxygen consumption.
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Figure 1. Peak exercise values and values at the ventilatory threshold for CPET-1 and CPET-2. Panel
(A): peak oxygen consumption, panel (B): percent predicted peak oxygen consumption, panel (C):
oxygen consumption at the ventilatory threshold, and panel (D): percent predicted oxygen consump-

tion at the ventilatory threshold. Legend Figure 1: CPET: cardiopulmonary exercise test; VT: anaerobic

or ventilatory threshold; VO,: oxygen consumption; ME/CFS: myalgic encephalomyelitis/chronic

fatigue syndrome; ICF: idiopathic chronic fatigue.



Healthcare 2021, 9, 683

50f11

>
°w

10+ <0.0001

<0.0001 .

*

, i

(XX X] *
o

setld o
200000
LXZ TX 3
SIIIe e

-5 - ... : ...

CPET-2 minus CPET-1

3(2) 2(3) -4 (3) 1(2)
-10 T T

ME/CFS ICF ME/CFS ICF

1
-
o

Delta VO, peak exercise (ml/min/kg)
CPET-2 minus CPET-1
o
p
Delta VO, at the VT (ml/min/kg)

Figure 2. The range of absolute differences for peak VO, (A) and VO, at the ventilatory threshold
(B) for ME/CFS and ICF patients. Legend Figure 2: CPET: cardiopulmonary exercise test; ME/CFS:
myalgic encephalomyelitis /chronic fatigue syndrome; ICF: idiopathic chronic fatigue; VO,: oxygen
consumption; VT: ventilatory threshold.

Figure 3 shows the within-group and between-group changes in workload at peak
exercise and at the ventilatory threshold for both ME/CFS and ICF patients. Day 1 and day
2 differed significantly in both groups (p all <0.0001). A higher workload at the ventilatory
threshold in day-1 ME/CFS was found (p < 0.05); compared to ICF, this difference was
larger with comparison of day-2 results (p = 0.0005). Figure 4 shows the difference in both
workload measures when day 1 and day 2 were compared in the two groups. Both differed
significantly (p both <0.0001).
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Figure 3. The workload at peak exercise for CPET-1 and CPET-2 panel (A) and at the ventilatory
threshold for CPET-1 and CPET-2 panel (B). On the left side, the values of day 1 and day 2 are shown
for male ME/CFS patients (clear boxes/columns); on the right side, the values of day 1 and day 2
for male ICF patients (striped boxes/columns). Workload at peak exercise for CPET-1 and CPET-2
panel (A) and at the ventilatory threshold for CPET-1 and CPET-2 panel (B). Legend Figure 3: CPET:
cardiopulmonary exercise test; ME/CFS: myalgic encephalomyelitis/chronic fatigue syndrome; ICF:
idiopathic chronic fatigue; VT: ventilatory threshold.
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Figure 4. The range of absolute differences for peak workload (A) and workload at the ventilatory
threshold (B) for ME/CFS and ICF patients. Legend Figure 4: CPET: cardiopulmonary exercise test;
ME/CFS: myalgic encephalomyelitis/chronic fatigue syndrome; ICF: idiopathic chronic fatigue; VT:
ventilatory threshold.

Table 3 shows the between-group comparison of ME/CFS patients with ICF patients
at day 1 and day 2, respectively. On day 1, ICF patients had a significantly lower peak
oxygen consumption compared to ME/CFS patients (p < 0.0001) and also a lower workload
at the ventilatory threshold (p < 0.05). None of the other parameters differed on day 1
between ME/CFS and ICF patients. On day 2, except for a non-significant difference in
heart rate at rest (p = 0.07), all parameters differed significantly between ME/CFS and ICF
patients (p ranging between 0.001 and <0.0001 for parameters at the ventilatory threshold
and p ranging between 0.002 and <0.0001 for parameters at peak exercise).

Table 3. CPET-1 variables in ME/CFS compared to ICF males (left side) and CPET-2 variables in ME/CFS compared to ICF

males (right side).

Cpet Day-1 Cpet Day-2

Peak Exercise ME/CFS ICF p-Value ME/CFS ICF p-Value
VO, peak (mL/min/kg) 26 (8) 28 (8) <0.0001 23 (8) 31(8) 0.0008

%pred VO, peak 69 (19) 78 (15) 0.05 62 (19) 85 (15) <0.0001

HR rest (bpm) 79 (12) 83 (11) 0.21 78 (10) 83 (13) 0.07

HR peak (bpm) 148 (23) 160 (22) 0.07 138 (24) 165 (20) <0.0001
Workload peak (Watts) 195 (46) 216 (56) 0.16 175 (45) 229 (58) 0.0004
RER peak 1.1(0.1) 1.2(0.1) 0.08 1.1(0.1) 1.2(0.1) 0.002

Ventilatory Threshold ME/CFS ICF p-Value CPET-1 CPET-2 p-Value
VO, VT (mL/min/kg) 15 (4) 13 (3) 0.16 11 (3) 15 (4) 0.002

%pred VO, VT 39 (9) 37 (10) 0.41 31(7) 41 (10) <0.0001
HR VT (bpm) 109 (15) 103 (12) 0.13 96 (15) 109 (14) 0.001
Workload VT (Watts) 96 (22) 81 (22) <0.05 70 (23) 95 (26) 0.0005

VT: ventilatory threshold; CPET: cardiopulmonary exercise test; HR: heart rate; pred: predicted; RER: respiratory exchange ratio; VO,:

oxygen consumption.

4. Discussion

The main finding of this study was that with specific differences in peak exercise
values as well as values at the ventilatory threshold, where reductions of those values are
considered a disease-specific response in ME/CFS patients, the response in ICF patients
was more similar to the response of sedentary controls on the second day of a 2-day CPET
protocol.
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ME/CEFS patients who complete a consecutive-day CPET have a reduction in exercise
performance when compared to controls [20-22,29,37], notably involving a decrease in
peak oxygen consumption and oxygen consumption at the ventilatory threshold compared
to controls. No large studies of males have been published: two studies combined males
and females [17], with only one with a combination of male and female control subjects [29].
Only one “larger” 2-day CPET protocol in males has been published, but with no control
group [30]. No 2-day exercise protocols have been described in patients not fulfilling
the ME/CFS criteria and therefore having a diagnosis of idiopathic chronic fatigue. The
present study is the first—besides the publication on females—to show that patients with
the diagnosis of idiopathic chronic fatigue show a different response on a 2-day CPET
protocol than ME/CFS patients do, suggesting the abnormalities found in a 2-day exercise
protocol in ME/CFS patients are a unique feature of the disease. The findings of the lower
VO2 at peak exercise on the second day in ME/CFS patients have been suggested to be
the result of metabolic abnormalities, rather than due to deconditioning [21,38]. It may
represent an early sign of post-exertional malaise (PEM) [4], one of the essential symptoms
of the disease. The general improvement on day 2 for patients with idiopathic chronic
fatigue, who are without the symptom of post-exertional malaise and who on the second
day of CPET-show a pattern similar to sedentary and healthy controls, suggesting that the
changes found on day 2 in ME/CFS patients are disease-specific.

4.1. Cardiopulmonary Exercise Testing in Idiopathic Chronic Fatigue: Comparison to Literature

One report on a large sample of patients (females and males with idiopathic chronic
fatigue) is present in current literature, but the report was on a one-day CPET test, with
comparisons with ME/CFS patients and healthy controls of both genders [23]. This study
reported a single-day CPET protocol comparison with seven male healthy controls, 25 male
ME/CEFS patients, and 51 male ICF patients. We report the results of males in this to allow
comparisons of results with our present study results. At-rest ICF males had significantly
lower weight than the other two groups: 80.0 (12.8) kg in ICF males compared to 88.9 (15.7)
kg in ME/CFS males and 94.3 (13.9) kg in healthy males (ANOVA p = 0.005), as well as BSA:
2.02 (0.17) m? in ICF males compared to 2.12 (0.21) m? in ME/CFS males and 2.19 (0.16)
m? in healthy males (ANOVA p = 0.016). At rest, no differences were found in heart rate,
oxygen consumption, or RER. At the ventilatory threshold, an ordinary one-way ANOVA
was not significant for VO2: 11.8 (2.8) mL/min/kg for male ME/CFS patients, 13.4 (3.3)
mL/min/kg for male ICF patients, and 13.7 (3.1) for healthy male subjects (p = 0.093), but
no difference was found for the heart rate at the ventilatory threshold or the RER at the
ventilatory threshold. At peak exercise, an ordinary one-way ANOVA was significant for
VO;: 24.0 (7.2) mL/min/kg for male ME/CFS patients, 28.9 (7.1) mL/min/kg for male ICF
patients, and 27.3 (3.7) for healthy male subjects (p = 0.019). This was similar for percent
predicted VO,: 73.9 (17.5)%, 83.4 (19.2)%, and 96.2 (11.4)%, respectively (p = 0.011). Peak
heart rate was not significantly different, as well as RER at peak exercise. No post-hoc
statistical information was present whether ME/CFS and ICF results were significantly
different between those groups. In the present study, VO, at the ventilatory threshold
for day 1 was 13 mL/min/kg for ME/CFS females and 11 mL/min/kg for ICF females,
similar to the results of the study of Vermeulen et al. The peak VO, were between 21 and
22 mL/min/kg for ME/CFS and ICF females, which was in the same range.

4.2. Limitations

First, no male sedentary controls were included for comparison in this study. Infor-
mation on sedentary/healthy controls has been described by other research groups. As
a comparison group, we used males not fulfilling ME/CFS criteria, namely those diag-
nosed with idiopathic chronic fatigue (ICF). Second, this was not a prospective trial, as
most patients underwent consecutive day CPET for clinical management reasons. Third,
differences between the previously discussed studies and the present study might be in
the demographic characteristics and illness severity of the study population, but also in
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the exact methodology of the CPET used in the different study centers. Finally, reference
values for predicted VO, can differ between studies as well.

5. Conclusions

This study in male ME/CFS patients compared with male ICF patients shows that
exercise capacity expressed in peak VO,, VO, at the ventilatory threshold, and workload
both at peak and at the ventilatory threshold show a different pattern from day 1 to day
2 for the two patient groups. The ICF group might respond to exercise training, whereas
ME/CFS might not.
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Appendix A
Methodology of the Cardiopulmonary Exercise Test

Patients underwent a symptom-limited exercise test on a cycle ergometer (Excalibur,
Lode, Groningen, The Netherlands) according to a previously described protocol [30,35,36].
A RAMP workload protocol was used varying between 10-30 Watt/min increases, depend-
ing on sex, age, and expected exercise intolerance. Oxygen consumption (VO,), carbon
dioxide release (VCO,), and oxygen saturation were continuously measured (Cortex, Pro-
care, The Netherlands), and displayed on screen using Metasoft software (Cortex, Biophysic
Gmbh, Germany). An ECG was continuously recorded, and blood pressures were mea-
sured continuously using the Nexfin device (BMEYE, Amsterdam, The Netherlands) [39].
Cycle seat height was positioned to approximately 175° of knee extension, and the same
seat height was used for both tests. Expired gases were collected breath-by-breath through
a two-way breathing valve and analyzed using open circuit spirometry. The metabolic
measurement system (Cortex, Biophysic Gmbh, Germany) was calibrated before each test
with ambient air, standard gases of known concentrations, and a 3-L calibration syringe.
Ventilatory threshold (VT) is an analog of anaerobic threshold and was identified from
expired gases using the V-Slope algorithm in the metabolic measurement system software.
Ventilatory or anaerobic threshold is the exercise intensity at which metabolism transitions
toward increased anaerobic energy production. The same trained investigator performed
visual assessment and confirmation of the algorithm-derived VT. Testing took place in a
controlled environment with temperature range of 20-24 °C and 15-60% relative humidity.
The test was supervised by an experienced cardiologist. Patients were encouraged by
standard phrases each minute to perform maximally to the point of exhaustion. The mean
of the VO, measurements of the last 15 s before ending the exercise (peak VO,) was taken
and expressed as a percentage of the normal values of a population study: %peak VO, [40].
We assessed the mean respiratory exchange ratio (RER; VCO,/VO,) of the last 15 s to
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determine the influence of this measure of maximal effort on the results. Immediately after
the test, the attending cardiologist noted the primary reason for termination of the exercise
and judged whether motivation and efforts during exercise were optimal for the individual
patient.

111 males underwent a cardio-pulmonary exercise test (CPET)

35 males did not fulfill the ME/CFS
|—————— | criteria (ldiopathic Chronic Fatigue)

A
76 males had ME/CFS

A\

50 males were excluded
33 patients had a single CPET
10 patients had multiple CPET | q—
but not on consecutive days
7 patients had a clinical severe
disease grading

10 patients were excluded
because they only had a single CPET

A\

26 ME/CFS males and 25 ICF males had undergone
a 2-day CPET protocol

Figure Al. Patient flow. Legend figure: CPET: cardiopulmonary exercise test; ME/CFS: myalgic
encephalomyelitis /chronic fatigue syndrome; ICF: idiopathic chronic fatigue.

References

1.

10.

11.

12.

Carruthers, B.M.; van de Sande, M.1.; DEMeirleir, K.L.; Klimas, N.G.; Broderick, G.; Mitchell, T.; Staines, D.; Powles, A.C.P;
Speight, N.; Vallings, R.; et al. Myalgic encephalomyelitis: International consensus criteria. J. Intern. Med. 2011, 270, 327-338.
[CrossRef]

Clayton, E.W. Beyond myalgic encephalomyelitis /chronic fatigue syndrome: An IOM report on redefining an illness. JAMA 2015,
313,1101-1102. [CrossRef]

Fukuda, K,; Straus, S.E.; Hickie, I.; Sharpe, M.C.; Dobbins, J.G.; Komaroff, A. The chronic fatigue syndrome: A comprehensive
approach to its definition and study. Ann. Intern. Med. 1994, 121, 953-959. [CrossRef]

Institute Of Medicine (IOM) (Ed.) Beyond Mayalgic Encephalomyelitis/Chronic Fatigue Syndrome: Redefining an Illness; The National
Academies Press: Washington, DC, USA, 2015.

Jones, D.E.; Hollingsworth, K.G.; Taylor, R.; Blamire, A.M.; Newton, J.L. Abnormalities in pH handling by peripheral muscle and
potential regulation by the autonomic nervous system in chronic fatigue syndrome. J. Intern. Med. 2010, 267, 394—401. [CrossRef]
Paul, L.; Wood, L.; Behan, W.M.; Maclaren, W.M. Demonstration of delayed recovery from fatiguing exercise in chronic fatigue
syndrome. Eur. J. Neurol. 1999, 6, 63-69. [CrossRef] [PubMed]

Fulle, S.; Pietrangelo, T.; Mancinelli, R.; Saggini, R.; Fano, G. Specific correlations between muscle oxidative stress and chronic
fatigue syndrome: A working hypothesis. J. Muscle Res. Cell Motil. 2007, 28, 355-362. [CrossRef] [PubMed]

Gur, A.; Oktayoglu, P. Central nervous system abnormalities in fibromyalgia and chronic fatigue syndrome: New concepts in
treatment. Curr. Pharm. Des. 2008, 14, 1274-1294. [CrossRef] [PubMed]

McCully, K.K.; Malucelli, E.; Iotti, S. Increase of free Mg2+ in the skeletal muscle of chronic fatigue syndrome patients. Dyn. Med.
2006, 5, 1. [CrossRef] [PubMed]

McCully, K.K; Smith, S.; Rajaei, S.; Leigh, J.S.; Natelson, B.H., Jr. Blood flow and muscle metabolism in chronic fatigue syndrome.
Clin. Sci. 2003, 104, 641-647. [CrossRef]

Siemionow, V.; Fang, Y.; Calabrese, L.; Sahgal, V.; Yue, G.H. Altered central nervous system signal during motor performance in
chronic fatigue syndrome. Clin. Neurophysiol. 2004, 115, 2372-2381. [CrossRef]

Wong, R.; Lopaschuk, G.; Zhu, G.; Walker, D.; Catellier, D.; Burton, D.; Koon, T.; Collins-Nakai, R.; Montague, T. Skeletal muscle
metabolism in the chronic fatigue syndrome. In vivo assessment by 31P nuclear magnetic resonance spectroscopy. Chest 1992,
102, 1716-1722. [CrossRef]


http://doi.org/10.1111/j.1365-2796.2011.02428.x
http://doi.org/10.1001/jama.2015.1346
http://doi.org/10.7326/0003-4819-121-12-199412150-00009
http://doi.org/10.1111/j.1365-2796.2009.02160.x
http://doi.org/10.1046/j.1468-1331.1999.610063.x
http://www.ncbi.nlm.nih.gov/pubmed/10209352
http://doi.org/10.1007/s10974-008-9128-y
http://www.ncbi.nlm.nih.gov/pubmed/18274865
http://doi.org/10.2174/138161208799316348
http://www.ncbi.nlm.nih.gov/pubmed/18537652
http://doi.org/10.1186/1476-5918-5-1
http://www.ncbi.nlm.nih.gov/pubmed/16405724
http://doi.org/10.1042/CS20020279
http://doi.org/10.1016/j.clinph.2004.05.012
http://doi.org/10.1378/chest.102.6.1716

Healthcare 2021, 9, 683 10 of 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

De Becker, P.; Roeykens, J.; Reynders, M.; McGregor, N.; De Meirleir, K. Exercise capacity in chronic fatigue syndrome. Arch.
Intern Med. 2000, 160, 3270-3277. [CrossRef]

Fulcher, K.Y.; White, P.D. Strength and physiological response to exercise in patients with chronic fatigue syndrome. J. Neurol.
Neurosurg. Psychiatry 2000, 69, 302-307. [CrossRef]

Hodges, L.D.; Nielsen, T.; Baken, D. Physiological measures in participants with chronic fatigue syndrome, multiple sclerosis and
healthy controls following repeated exercise: A pilot study. Clin. Physiol Funct. Imaging 2018, 38, 639-644. [CrossRef] [PubMed]
Jammes, Y.; Steinberg, ].G.; Mambrini, O.; Bregeon, F,; Delliaux, S. Chronic fatigue syndrome: Assessment of increased oxidative
stress and altered muscle excitability in response to incremental exercise. J. Intern. Med. 2005, 257, 299-310. [CrossRef]

Keller, B.A.; Pryor, ].L.; Giloteaux, L. Inability of myalgic encephalomyelitis/chronic fatigue syndrome patients to reproduce
VO(2)peak indicates functional impairment. J. Transl. Med. 2014, 12, 104. [CrossRef]

Sargent, C.; Scroop, G.C.; Nemeth, PM.; Burnet, R.B.; Buckley, ].D. Maximal oxygen uptake and lactate metabolism are normal in
chronic fatigue syndrome. Med. Sci. Sports Exerc. 2002, 34, 51-56. [CrossRef] [PubMed]

Sisto, S.A.; LaManca, ].; Cordero, D.L.; Bergen, M.T.; Ellis, S.P,; Drastal, S.; Boda, W.L.; Tapp, W.N.; Natelson, B.H. Metabolic and
cardiovascular effects of a progressive exercise test in patients with chronic fatigue syndrome. Am. J. Med. 1996, 100, 634—640.
[CrossRef]

Snell, C.R;; Stevens, S.R.; Davenport, T.E.; Van Ness, ]. M. Discriminative validity of metabolic and workload measurements to
identify individuals with chronic fatigue syndrome. Phys. Ther. 2013, 93, 1484-1492. [CrossRef] [PubMed]

Vanness, ].M.; Snell, C.R,; Stevens, S.R. Diminished cardiopulmonary capacity during post-exertional malaise. ]. Chronic Fatigue
Syndr. 2007, 14, 77-85. [CrossRef]

Vermeulen, R.C.; Kurk, R M,; Visser, E.C.; Sluiter, W.; Scholte, H.R. Patients with chronic fatigue syndrome performed worse than
controls in a controlled repeated exercise study despite a normal oxidative phosphorylation capacity. J. Transl. Med. 2010, 11, 93.
[CrossRef] [PubMed]

Vermeulen, R.C.; Vermeulen van Eck, LW. Decreased oxygen extraction during cardiopulmonary exercise test in patients with
chronic fatigue syndrome. J. Transl. Med. 2014, 12, 20. [CrossRef]

Wallman, K.E.; Morton, A.R.; Goodman, C.; Grove, R. Physiological responses during a submaximal cycle test in chronic fatigue
syndrome. Med. Sci. Sports Exerc. 2004, 36, 1682-1688. [CrossRef] [PubMed]

Cureton, K.; Bishop, P.; Hutchinson, P.; Newland, H.; Vickery, S.; Zwiren, L. Sex difference in maximal oxygen uptake. Effect of
equating haemoglobin concentration. Eur. J. Appl. Physiol. Occup. Physiol. 1986, 54, 656-660. [CrossRef]

Fletcher, G.F; Balady, G.J.; Amsterdam, E.A.; Chaitman, B.; Eckel, R.; Fleg, ]J.; Froelicher, V.E; Leon, A.S,; Pifia, LL.; Rodney, R.;
et al. Exercise standards for testing and training: A statement for healthcare professionals from the American Heart Association.
Circulation 2001, 104, 1694-1740. [CrossRef]

Sharma, H.B.; Kailashiya, J. Gender difference in aerobic capacity and the contribution by body composition and haemoglobin
concentration: A study in young indian national hockey players. J. Clin. Diagn. Res. 2016, 10, CC09-CC13. [CrossRef]
Wheatley, C.M.; Snyder, E.M.; Johnson, B.D.; Olson, T.P. Sex differences in cardiovascular function during submaximal exercise in
humans. Springerplus 2014, 3, 445. [CrossRef]

Nelson, M.].; Buckley, ].D.; Thomson, R.L.; Clark, D.; Kwiatek, R.; Davison, K. Diagnostic sensitivity of 2-day cardiopulmonary
exercise testing in Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. J. Transl. Med. 2019, 17, 80. [CrossRef]

van Campen, C.L.M.C.; Rowe, P.C.; Visser, E.C. Validity of 2-day cardiopulmonary exercise testing in male patients with myalgic
encephalomyelities/chronic fatigue syndrome. Adv. Phys. Education. 2020, 10, 68-80. [CrossRef]

Del Core, M.A.; Ahn, J.; Wukich, D.K,; Liu, G.T,; Lalli, T.; VanPelt, M.D.; Raspovic, K.M. Gender differences on SF-36 patient-
reported outcomes of diabetic foot disease. Int. |. Low Extrem. Wounds. 2018, 17, 87-93. [CrossRef] [PubMed]

Elmariah, S.; Goldberg, L.R.; Allen, M.T.; Kao, A. Effects of gender on peak oxygen consumption and the timing of cardiac
transplantation. J. Am. Coll Cardiol. 2006, 47, 2237-2242. [CrossRef]

Faro, M.; Saez-Francas, N.; Castro-Marrero, J.; Aliste, L.; Fernandez de Sevilla, T.; Alegre, ]. Gender differences in chronic fatigue
syndrome. Reum. Clin. 2016, 12, 72-77. [CrossRef] [PubMed]

Lai, N.; Martis, A.; Belfiori, A.; Tolentino-Silva, F.; Nasca, M.M.; Strainic, J.; Cabrera, M.E. Gender differences in V O2 and HR
kinetics at the onset of moderate and heavy exercise intensity in adolescents. Physiol Rep. 2016, 4, €12970. [CrossRef] [PubMed]
van Campen, C.L.M.C,; Visser, F.C. Validity of 2-day cardiopulmonary exercise testing in female patients with myalgic en-
cephalomyelitis /chronic fatigue syndrome. Int. J. Curr. Res. 2020, 12, 10436-10442.

van Campen, C.L.M.C.; Rowe, P.C.; Visser, F.C. Two-Day cardiopulmonary exercise testing in females with a severe grade of
myalgic encephalomyelitis /chronic fatigue syndrome: Comparison with patients with mild and moderate disease. Healthcare
2020, 8, 192. [CrossRef]

Lien, K.; Johansen, B.; Veierod, M.B.; Haslestad, A.S.; Bohn, S.K.; Melsom, M.N.; Kardel, K.R.; Iversen, P.O. Abnormal blood
lactate accumulation during repeated exercise testing in myalgic encephalomyelitis/chronic fatigue syndrome. Physiol. Rep. 2019,
7,€14138. [CrossRef] [PubMed]

Nijs, J.; de Meirleir, K.; Duquet, W. Kinesiophobia in chronic fatigue syndrome: Assessment and associations with disability. Arch.
Phys. Med. Rehabil. 2004, 85, 1586-1592. [CrossRef]


http://doi.org/10.1001/archinte.160.21.3270
http://doi.org/10.1136/jnnp.69.3.302
http://doi.org/10.1111/cpf.12460
http://www.ncbi.nlm.nih.gov/pubmed/28782878
http://doi.org/10.1111/j.1365-2796.2005.01452.x
http://doi.org/10.1186/1479-5876-12-104
http://doi.org/10.1097/00005768-200201000-00009
http://www.ncbi.nlm.nih.gov/pubmed/11782647
http://doi.org/10.1016/S0002-9343(96)00041-1
http://doi.org/10.2522/ptj.20110368
http://www.ncbi.nlm.nih.gov/pubmed/23813081
http://doi.org/10.1300/J092v14n02_07
http://doi.org/10.1186/1479-5876-8-93
http://www.ncbi.nlm.nih.gov/pubmed/20937116
http://doi.org/10.1186/1479-5876-12-20
http://doi.org/10.1249/01.MSS.0000142406.79093.90
http://www.ncbi.nlm.nih.gov/pubmed/15595287
http://doi.org/10.1007/BF00943356
http://doi.org/10.1161/hc3901.095960
http://doi.org/10.7860/JCDR/2016/20873.8831
http://doi.org/10.1186/2193-1801-3-445
http://doi.org/10.1186/s12967-019-1836-0
http://doi.org/10.4236/ape.2020.101007
http://doi.org/10.1177/1534734618774664
http://www.ncbi.nlm.nih.gov/pubmed/29929411
http://doi.org/10.1016/j.jacc.2005.11.089
http://doi.org/10.1016/j.reuma.2015.05.007
http://www.ncbi.nlm.nih.gov/pubmed/26190206
http://doi.org/10.14814/phy2.12970
http://www.ncbi.nlm.nih.gov/pubmed/27655810
http://doi.org/10.3390/healthcare8030192
http://doi.org/10.14814/phy2.14138
http://www.ncbi.nlm.nih.gov/pubmed/31161646
http://doi.org/10.1016/j.apmr.2003.12.033

Healthcare 2021, 9, 683 11 of 11

39. Martina, J.R.; Westerhof, B.E.; van Goudoever, J.; de Beaumont, E.M.; Truijen, J.; Kim, Y.S.; Immink, R.V,; Jobsis, D.A.; Hollmann,
M.W.,; Lahpor, ].R.; et al. Noninvasive continuous arterial blood pressure monitoring with Nexfin(R). Anesthesiology 2012, 116,
1092-1103. [CrossRef] [PubMed]

40. Glaser, S.; Koch, B.; Ittermann, T.; Schaper, C.; Dorr, M.; Felix, S.B.; Henry, V.; Ewert, R.; Hansen, J.E. Influence of age, sex, body
size, smoking, and beta blockade on key gas exchange exercise parameters in an adult population. Eur. ]. Cardiovasc. Prev. Rehabil.
2010, 17, 469-476. [PubMed]


http://doi.org/10.1097/ALN.0b013e31824f94ed
http://www.ncbi.nlm.nih.gov/pubmed/22415387
http://www.ncbi.nlm.nih.gov/pubmed/20305565

	Introduction 
	Materials and Methods 
	Participants 
	Cardiopulmonary Exercise Testing (CPET) 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Results of the 2-Day Cardiopulmonary Exercise Test Protocol 

	Discussion 
	Cardiopulmonary Exercise Testing in Idiopathic Chronic Fatigue: Comparison to Literature 
	Limitations 

	Conclusions 
	
	References

