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Abstract: Previous studies have reported that people with fibromyalgia (FM) could suffer from
mitochondrial dysfunction. However, the consumption of muscle oxygen during physical exercise
has been poorly studied. Therefore, this study aimed to explore the response of muscle oxygen
during a fatigue protocol in people with FM and healthy controls (HC). In addition, the peak torque
and the total work were assessed. A total of 31 participants (eighteen were people with fibromyalgia
and thirteen were healthy controls) were enrolled in this cross-sectional study. All the participants
underwent a fatigue protocol consisting of 20 repetitions at 180°s™ of quadriceps flexions and
extensions using a Biodex System 3. The muscle oxygen saturation (SmQO), total hemoglobin (THb),
deoxygenated hemoglobin (HHb) and oxygenated hemoglobin (O2Hb) values were measured using
a portable near-infrared spectroscopy (NIRS) device. Significant differences between people with
FM and healthy controls were found at baseline: SmO: (FM: 56.03 + 21.36; HC: 77.41 + 10.82; p =
0.036), O2Hb (FM: 6.69 +2.59; HC: 9.37 + 1.31; p = 0.030) and HHb (FM: 5.20 + 2.51; HC: 2.73 + 1.32; p
= 0.039); during the fatigue protocol: SmO: (FM: 48.54 + 19.96; HC: 58.87 + 19.72; p = 0.038), O2Hb
(FM: 5.70 £ 2.34; HC: 7.06 +2.09; p = 0.027) and HHb (FM: 5.69 + 2.65; HC: 4.81 + 2.39; p = 0.048); and
in the recovery at three min and six min for SmO2, O2Hb and HHb (p < 0.005). Furthermore, healthy
control values of SmO2, O2Hb and HHb have been significantly altered by the fatigue protocol (p <
0.005). In contrast, people with FM did not show any significant alteration in these values.
Moreover, significant differences were found in the peak torque at extension (FM: 62.48 + 24.45; HC:
88.31 +£23.51; p=0.033) and flexion (FM: 24.16 + 11.58; HC: 42.05 + 9.85; p = 0.010), and the total work
performed at leg extension (FM: 1039.78 + 434.51; HC: 1535.61 + 474.22; p = 0.007) and flexion (FM:
423.79 +239.89; HC: 797.16 + 194.37; p = 0.005).

Keywords: strength; mitochondrial; autonomic modulation; physical exercise; fatigue

1. Introduction

Chronic, widespread and persistent pain is the most recognized symptom of
fibromyalgia (FM) [1]. However, there are others, such as stiffness, depression, sleep
disorders, mobility impairments and anxiety [1,2], that significantly impact the health-
related quality of life (HRQOL) of people with FM [3]. FM affects 2.7% of the population,
with a female/male ratio of 1.5:1, with women representing 58.7% of FM cases [4].

A previous study showed that HRQOL was significantly affected by physical, social
and psychological factors [3]. In addition, recent studies showed significant differences in
autonomic modulation, brain morphology, strength and neuromuscular impairments [5-
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8] between people with FM and healthy controls. People with fibromyalgia showed
dysautonomia (autonomic nervous system hyperactivity at rest and hyperreactivity
during stressful situations) [9-13]. Due to the connection between the autonomic nervous
system and the cardiovascular system [14], these findings may be connected with the
abnormal cerebral blood flow dynamics observed in people with FM [14,15] or the
hemodynamics abnormalities reported by people with chronic fatigue and FM [16,17].

Physical exercise has demonstrated strong evidence against FM symptoms [18].
Previous studies have reported benefits in terms of HRQOL, physical function, pain and
the brain’s electrical patterns after physical exercise interventions [19-24]. Despite the
benefits, people with FM exhibited lower adherence to physical exercise. This could be
due to the fact that 40% of people show fear of movement and avoidance behaviors
regarding physical activity [25]. Thus, treatment adherence is conditioned by high pain
levels [26]. In this regard, a previous study reported that >50% of the variation in pain
intensity was explained by the metabolic situation and blood flow of the analyzed muscle
(in this case, the trapezius and the erector spinae muscles) [27]. In line with these findings,
Shang, Gurley, Symons, Long, Srikuea, Crofford, Peterson and Yu [17], using optical
spectroscopies, showed an alteration of muscle oxygen utilization in people with FM
while performing 6 sets of 12 isometric contractions of knee extensor muscles at 20 to 70%
of their maximal voluntary isometric contraction. However, to the best of our knowledge,
this is a unique study that investigates muscle oxygen utilization in people with FM.
Nevertheless, since the study of the cardiovascular system and the autonomic nervous
system during exercise can provide useful information in the prognosis of diseases [28],
previous studies have analyzed the autonomic modulation during physical exercise
interventions [29,30].

Therefore, there is a need for studies that investigate the consumption of muscle
oxygen during physical exercise. For this reason, muscle hemodynamics and metabolism
have been manipulated using an isokinetic fatigue protocol (consisting of 20 repetitions
at 180°-s™). Thus, our study aimed to explore the differences between people with FM and
healthy controls on the consumption of muscle oxygen while performing an isokinetic
strength fatigue protocol. We hypothesized that FM would significantly affect the normal
metabolic muscle response observed in healthy controls. In addition, we hypothesized
that the levels of work and peak torque performed by people with FM would be
significantly lower than those achieved by people with FM.

2. Materials and Methods
2.1. Participants

G*Power software 3.1.9.4 (Kiel University, Kiel, Germany) estimated that a total
sample size of eight women with FM achieves a 95% power to detect significant
differences with an alpha of 0.005, using the Wilcoxon signed-rank test. The values of
oxygen extraction fraction provided by a previous study [17] (99.7 £ 2.6 vs. 107.4 + 2.0; p-
value = 0.03) were used to make this calculation. Therefore, the recruitment objective was
to include the greatest number of participants until April 2021. Thus, a total of 31 women
(eighteen were women with fibromyalgia and thirteen were healthy control women) were
enrolled in the study. The inclusion criteria were: (a) be diagnosed according to the
American College of Rheumatology’s criteria [31], (b) be a female, (c) be able to
communicate with the research staff, (d) have read and signed the written informed
consent. Participants were excluded if they: (a) had contraindications for physical exercise,
(b) suffered from a neurological disorder, such as Alzheimer’s disease, other vascular
dementias, Parkinson’s disease, strokes, brain and vertebral tumors, multiple sclerosis
and other dystonias, (c) suffered from diabetes mellitus or (d) were pregnant.

The mean age and body mass index (BMI) of people with fibromyalgia were 51.3
(10.4) years and 31.5 (7.9) kg/m?, respectively. For healthy controls, the mean age was 40.3
(1.8) years and the mean BMI was 22.6 (3.7). All of the women with FM, excluding two
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women, were under pharmacological treatment (mainly antidepressants, analgesics and
muscle relaxants). Healthy controls were not under any pharmacological treatment.

The convenience sample was recruited from the Lusitania family health unit in Evora
(Portugal) and the University of Evora until April 2021. All procedures were conducted
following the Helsinki Declaration (revised in Brazil, 2013) and approved by the
university’s research ethics committee (GD/44902/2019).

2.2. Procedure

A warm-up was performed for three minutes using a cycle ergometer (Monark
Exercise AB, Sweden) at 50-60 rpm with no resistance to avoid fatigue. After that, three
repetitions of knee extension and flexion were conducted with a Biodex System 3 (Biodex
Corporation, Shirley, NY, USA). These repetitions were conducted with their dominant
leg at free velocity and without load.

The fatigue protocol consisted of 20 repetitions of knee extension and flexion of the
dominant leg at 180°-s7! [32,33]. The peak torque at extension and flexion, as well as the
total work at extension and flexion, were extracted. Measurements took place between
9:30 and 12:30 am and participants were encouraged to avoid any type of physical exercise
before the protocol.

2.3. Instruments
2.3.1. NIRS Sensor

Muscle oxygen saturation (SmO:), total hemoglobin (THb), deoxygenated
hemoglobin (HHb) and oxygenated hemoglobin (O:Hb) values were measured using a
portable NIRS sensor (Moxy, Fortiori Design LLC, Hutchinson, MN, USA) connected with
GoldenCheetah software (version 3.4, U.S.). This device is reliable at low and moderate
intensity for measuring consumption of muscle oxygen (SmO2; ICC: r = 0.773-0.992) [34].
The device was placed in the vast lateral quadriceps between the greater trochanter and
the lateral femoral epicondyle. To reduce noise, a soft spline filter was applied using
MATLAB® software (MathWorks, Inc., Natick, MA, USA). We used a second-order 6Hz
cut-off Butterworth filter, applied two times to the time series.

2.3.2. Sociodemographic Data and Physical Activity Level

Age, duration of the disease, years since the diagnosis, work information and
education level were asked of participants before the protocol. Moreover, participants
were weighed and their heights were measured using a stadiometer (SECA 225, SECA,
Hamburg, Germany). The 36-Item Short Form Health Survey questionnaire (SF-36) was
used to evaluate the health-related quality of life (HRQoL) [35]. This questionnaire
comprises eight domains (physical functioning, role physical, bodily pain, general health,
vitality, social functioning, role emotional and mental health). The reliability of this
questionnaire showed a Cronbach’s alpha greater than 0.85 [36]. This questionnaire has
been previously used in people with FM [37]. The physical activity level was asked using
the International Physical Activity Questionnaire (IPAQ). It is used to assess physical
activity and time spent sitting [38]. This questionnaire has not shown higher test-retest
reliability compared to objective measurements [39]. However, this questionnaire was
only used to characterize the physical activity pattern of both groups.

2.4. Statistical Analysis

Statistical software SPSS (Statistical Package for Social Sciences, version 25) was used
to perform the statistical analyses. Since a Mann-Whitney U test revealed significant
differences at baseline between people with fibromyalgia and healthy controls in age and
BMI, these two variables have been used as covariates in the between-groups analyses. In
this regard, ANCOVA was used to explore between-groups differences. In addition, a
Friedman test was conducted to evaluate within-group differences in fibromyalgia and
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healthy control groups. The eta partial square effect size was calculated and classified as
follows:>0.5 is a large effect, between 0.5 and 0.3 is a medium effect, and < 0.3 is considered
a small effect [40,41].

3. Results

The table 1 below shows the characteristics of the sample. Differences between peo-
ple with fibromyalgia and healthy controls were found in age (p-value = 0.014) and BMI
(p-value = 0.001). Thus, these two variables have been included as covariates in the be-
tween-groups analysis. In addition, differences were also observed in the HRQoL (p-value
=0.001), type of work (p-value = 0.009), education level (p-value = 0.009) and total minutes
at vigorous (p-value = 0.003) and moderate (p-value = 0.007) exercise in a week.

Table 1. Characteristics of the sample.

Fibromyalgia Healthy Controls

Variable Mean (SD) Mean (SD) p-Value
Age (years) 51.3 (10.4) 40.3 (1.8) 0.014
BMI (kg/m?) 31.5(7.9) 22.6 (3.7) 0.001
Duration of fibromyalgia symptoms 125 9) i i
(years)
Years since diagnosis (years) 7.7 (6.4) - -
Work 0.025
With physical load 10 (55.6) 3(21.4)
Without physical load 2 (11.1) 11 (78.6)
Without work 6 (33.3) 0
Education level, N (%) 0.009
Primary school 9 (50%) 0 (0%)
Secondary school 7 (38.9%) 3 (21.4%)
University 2 (11.1%) 11 (78.6%)
Physical activity level
Vigorous intensity (min) 43.3 (145.2) 158.5 (163.5) 0.003
Moderate intensity (min) 1443.8 (1054.7) 764.2 (1566) 0.007
Walking (min) 228.7 (268.1) 388.4 (627.6) 0.761
Sitting time (min) 152.1 (199.2) 293.1 (186.4) 0.573
HRQoL 0.58 (0.11) 0.82 (0.12) 0.001

BMI: Body mass index; HRQoL: Health-related quality of life.

Table 2 shows the differences between people with fibromyalgia and healthy controls
in the consumption of muscle oxygen before, during and after the fatigue protocol. Sig-
nificant differences were found at baseline in SmO: (p-value = 0.036), O:Hb (p-value =
0.030) and HHb (p-value = 0.039). During the warm-up, differences were not found be-
tween people with fibromyalgia and healthy controls.

Table 2. Differences in the consumption of muscle oxygen between people with fibromyalgia and
healthy controls at baseline, during and after a fatigue protocol.

Variable F;\]Z(::}(I;i)g)l a He?\lllt:z'n(i(s)r;)t)r ols p-Value F Effect Size
Baseline
HR (bpm) 76.79 (11.45) 83.58 (11.48) 0.354 0.890 0.131
SmO:2 (%) 56.03 (21.36) 77.41 (10.82) 0.036 4.879 0.153
THDb (g/dL) 11.89 (0.54) 12.10 (0.26) 0.387 0.772 0.029
O:Hb (g/dL) 6.69 (2.59) 9.37 (1.31) 0.030 5.274 0.163
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HHb (g/dL) 5.20 (2.51) 2.73 (1.32) 0039 4705  0.148
Warm-up
HR (bpm) 89.68 (13.13) 90.96 (11.59) 0739 0423  0.045
SmO: (%) 52.31 (21.31) 70.65 (13.02) 0.079 3.325 0.110
THb (g/dL) 11.41 (1.43) 11.91 (0.27) 0677 0178  0.007
O:Hb (g/dL) 6.13 (2.46) 8.40 (1.43) 0.062 3.804 0.123
HHb (g/dL) 5.25 (2.37) 3.51 (1.59) 0.093 3.042 0.101
Fatigue protocol
HR (bpm) 92.46 (17.91) 105.49 (15.69) 0499 0471  0.018
SmO:2 (%) 48.54 (19.96) 58.87 (19.72) 0038 4753  0.155
THDb (g/dL) 11.40 (1.60) 11.86 (0.44) 0901 0016  0.001
O:Hb (g/dL) 5.70 (2.34) 7.06 (2.09) 0.027 5.517 0.175
HHb (g/dL) 5.69 (2.65) 4.81 (2.39) 0.048 4.287 0.142
Recovery —three min
HR (bpm) 82.35 (13.15) 93.34 (12.61) 0231 1504  0.055
SmO:2 (%) 54.65 (20.52) 74.47 (11.17) 0.049 4.281 0.141
THbD (g/dL) 11.67 (1.11) 12.04 (0.25) 0659 0200  0.008
O:Hb (g/dL) 6.53 (2.46) 8.97 (1.28) 0041 4623  0.151
HHb (g/dL) 5.14 (2.19) 3.08 (1.36) 0041 4614  0.151
Recovery —six min
HR (bpm) 76.79 (11.45) 81.92 (10.23) 0.436 0.627 0.024
SmO: (%) 56.03 (21.36) 76.54 (10.82) 0.044 4.472 0.147
THb (g/dL) 11.89 (0.54) 12.08 (0.26) 0.425 0.656 0.025
O:Hb (g/dL) 6.69 (2.59) 9.25(1.29) 0.037 4.818 0.156
HHb (g/dL) 5.20 (2.51) 2.84 (1.32) 0.048 4.307 0.142

HR: heart rate; SmO2: muscle oxygen saturation; THb: total hemoglobin; HHb: deoxygenated he-
moglobin; O:Hb: oxygenated hemoglobin; g/dL: grams per deciliter.

During the fatigue protocol, differences were found in SmO: (p-value = 0.038), OHb
(p-value = 0.027) and HHb (p-value = 0.048). In addition, a significantly different response
in the consumption of muscle oxygen was observed during recovery at three and six

minutes after the fatigue protocol in SmO:, O2Hb, and HHb (p-value < 0.005).

Figure 1 shows the evolution of consumption of muscle oxygen in people with fi-
bromyalgia and healthy controls before, during and after a fatigue protocol. Friedman
tests for each group revealed significant differences for all variables studied (p-value <
0.005). Pairwise comparisons are detailed in Figure 1 for each variable.
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Figure 1. Evolution of consumption of muscle oxygen in people with fibromyalgia and healthy con-
trols before, during and after a fatigue protocol. SmO2: muscle oxygen saturation; THb: total hemo-

globin; HHb: deoxygenated hemoglobin; O:Hb: oxygenated hemoglobin; * p < 0.005.

Table 3 shows the differences between people with fibromyalgia and healthy controls
in the isokinetic strength during a protocol consisting of 20 repetitions at 180°:s™. People
with fibromyalgia exhibited a significantly lower peak torque at extension (p-value =
0.033) and flexion (p-value =0.010). In addition, the total work during the protocol was
significantly lower at extension (p-value = 0.007) and at flexion (p-value = 0.005).

Table 3. Differences in the isokinetic strength between people with fibromyalgia and
trols over 20 repetitions at 180°-s71.

healthy con-

Variable Fﬁj::}(lgg)l a He;li\l/[t‘l;:n(igtlljt; ols p-Value F Effect Size
Peak torque at extension (N-m) 62.48 (24.45) 88.31 (23.51) 0.033 5.086 0.929
Peak torque at flexion (N-m) 24.16 (11.58) 42.05 (9.85) 0.010 7.733 1.412
Total work at extension (J) 1039.78 (434.51) 1535.61 (474.22) 0.007 8.564 1.564
Total work at flexion (J) 423.79 (239.89) 797.16 (194.37) 0.005 9.574 1.748

N-m: Newton meter; J: Joules.
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4. Discussion

This study aimed to explore the differences between people with FM and healthy
controls on the consumption of muscle oxygen while performing an isokinetic strength
fatigue protocol. We hypothesized that FM would significantly affect the normal meta-
bolic muscle response observed in healthy controls. In addition, we hypothesized that the
levels of work and peak torque performed by people with FM would be significantly
lower than those achieved by people with FM. Results showed differences at baseline,
during the fatigue protocol and in the recovery at three min and six min on SmO:, O:Hb
and HHb between people with FM and healthy controls. In addition, differences were also
observed in the evolution of consumption of muscle oxygen during the procedure be-
tween people with FM and healthy controls. For instance, whereas in healthy controls,
values of SmO2, O:Hb and HHb have been significantly altered by the fatigue protocol,
people with FM did not show any significant alteration. Moreover, significant differences
were found in the peak torque and total work performed at leg flexion and extension.

Our results showed significant differences between people with FM and healthy con-
trols in SmOz, O2Hb and HHb values. In this regard, healthy controls showed higher levels
of SmO2 and O:Hb as well as lower values of HHb than people with FM. These differences
can be observed even at rest. Similar results have been obtained in a previous study [17].
In addition, when the fatigue exercise protocol started, the consumption of muscle oxygen
of healthy controls tended to decrease SmO: levels and increase HHb levels due to the
utilization of oxygen for energy production. However, muscle oxygen consumption pat-
terns of people with FM significantly differed from healthy controls. In this regard, values
of SmO:2 and HHb tended to be stable during the entire duration of the fatigue protocol.
Future studies should explore the impact of pharmacological and non-pharmacological
therapies on the consumption of muscle oxygen in people with FM.

A previous study found a lower relative oxygen extraction fraction in people with
FM during exercise [17]. The authors hypothesized that this finding could be related to an
altered mitochondrial function in people with FM. The mitochondrial dysfunction could
make energy production insufficient due to an abnormal synthesis of adenosine triphos-
phate (ATP). Therefore, muscle fatigue would increase [42] since exercise demands would
not be achieved. Furthermore, mitochondrial dysfunction could cause oxygen debt to be
higher in people with FM than in healthy controls [43-46]. The oxygen debt is manifested
by an increase in muscle lactate concentrations due to anaerobic respiration. Interestingly,
mitochondrial dysfunction as well as lactate accumulation have been related to pain [47]
and fatigue in people with FM [42].

Previous studies have found that people with FM showed lower levels of strength
than healthy controls [5,48,49]. In addition, Park et al. [50] showed that people with FM
exhibited lower levels of phosphocreatine (PCr) and ATP during a repeated isometric
quadriceps contraction protocol. Furthermore, Lund et al. [51] analyzed pH levels during
a sub-maximal and maximal controlled dynamic activation of the forearm flexor muscle
group. Authors [51] observed that people with FM experienced the same decrease in pH
after performing half the amount of work of healthy controls. Thus, they hypothesized
that impaired muscle metabolism and/or microcirculatory disorder might explain these
results. In this regard, a previous study showed functional disturbances of microcircula-
tion in people with FM and those morphological abnormalities may also influence their
microcirculation [52]. Regarding microcirculatory disorders, people with FM showed au-
tonomic dysfunction (dysautonomia). Dysautonomia could lead to blood flow abnormal-
ities and, therefore, be associated with fatigue and pain.

Previous studies have shown that the autonomic nervous system (ANS) of people
with FM remained hypoactive to exercise [53,54]. The normal response to exercise would
be that, during exercise, the sympathetic activity increases vasoconstriction, and increases
HR and myocardial contractility. In this regard, a previous study showed that people with
FM exhibited higher sympathetic modulation than healthy controls during a fatigue pro-
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tocol [53]. This behavior has also been found in previous studies [55,56]. Thus, the ob-
served pattern in people with FM induced by autonomic nervous system dysfunction may
lead to chronic blood flow abnormalities [16]. Therefore, dysautonomia could explain the
differences between people with FM and healthy controls in the consumption of muscle
oxygen. However, our results showed that HR was significantly impacted in people with
FM. Similar results were obtained in inflammatory biomarkers. Bote et al. [57] showed
that a single bout of exercise could improve the inflammatory status in FM patients, reach-
ing values similar to those obtained by healthy controls. This is relevant since FM syn-
drome may include a systemic and local chronic inflammatory state accompanied by an
altered stress response [3]. Therefore, future studies should explore the acute effects of
exercise in pathophysiological-related factors to better understand the benefits of physical
exercise as a therapy.

To the best of our knowledge, this is the first study analyzing the consumption of
muscle oxygen using a MOXY during a fatigue protocol in people with FM. However, this
study has some limitations that should be highlighted. In this regard, differences between
groups were found in age and BMI. Thus, between-groups analyses have been corrected,
through ANCOVA, using age and BMI as covariates. Nevertheless, results are supported
by previous investigations in the field [5,58]. In relation to this, BMI and multi-medication
are factors that can produce bias in the results. However, these factors are usually associ-
ated with FM and, therefore, it is difficult to isolate them from each other [59,60]. In addi-
tion, the relatively small sample size means that these results cannot be extrapolated to all
women with FM. Furthermore, the menopause status of women included in this study
was not considered. This could be important since estrogens modulate molecular path-
ways related to vascular and skeletal muscle function [61,62]. In this regard, the electro-
myographic signal of the participants was not measured. Such an assessment would pro-
vide interesting information about neuromuscular impairments in this population. Future
studies are encouraged to include electromyographic assessments during fatigue proto-
col. Due to these limitations, results must be taken with caution. Thus, future studies
should replicate our study controlling for age, BMI and menopause status.

5. Conclusions

Healthy controls showed an alteration in the values of SmO:, O2Hb and HHb before,
during and after the fatigue protocol, whereas people with FM did not show any signifi-
cant alteration. In addition, people with FM showed lower peak torque and total work
performed at leg flexion and extension than healthy controls. These findings could sug-
gest that people with FM had a significant impairment in the consumption of muscle ox-

ygen.
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