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Abstract: Fibromyalgia is a chronic disease that causes widespread pain throughout the body, as well
as fatigue and a variety of other accompanying symptoms. Physical activity is one of the most useful
non-pharmacological treatments for pain and symptom reduction. Therefore, the main objective of
this research was to analyse the objective levels of sedentary lifestyle and physical activity, as well as
the study of heart rate variability as a predictor of health. A total of 21 women previously diagnosed
with fibromyalgia (FM) and 10 healthy women of the same age range participated in the study.
Accelerometry was used for the determination of physical activity and sedentary lifestyle as well
as the study of heart rate variability (HRV) at rest for the assessment of cardiovascular health. The
results show that participants with fibromyalgia have higher levels of sedentary lifestyles and worse
cardiovascular health outcomes compared to healthy participants not diagnosed with fibromyalgia.
In conclusion, it is observed that the analysis of heart rate variability is a good predictor for the
determination of cardiovascular health in patients diagnosed with fibromyalgia. A debate is open to
whether sedentary lifestyles and being overweight accentuate the fibromyalgia disease or whether
it is the disease itself that favors increased physical inactivity, reflected in inferior cardiovascular
health. Future research is needed to deepen this analysis in order to improve the quality of life of
these patients.
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1. Introduction

Fibromyalgia (FM) is a chronic disease associated with other comorbidities, with a
predominant diagnosis of fatigue, pain, inflammatory dysregulation, and muscle weakness,
whose treatment is yet to be determined, as well as the major cause [1]. Regarding the
prevalence of the disease, there are differences depending on methodology, diagnostic
criteria, and geographical location [2]. According to the World Fibromyalgia Association,
around 6.3% of the world’s population has been diagnosed as having FM, being much
more prevalent in women. Nevertheless, since there are currently no recognised objective
biomarkers that can be used to diagnose this disease, the identification is predominantly
based on subjective clinical criteria [3,4]. This is the main reason why FM is commonly co-
diagnosed with other syndromes such us chronic fatigue syndrome, depression syndrome,
or anxiety disorders [1].

In this context, the prescription of specific treatments or therapeutic interventions is a
real problem. Due to the large number of symptoms and comorbidities, pharmacological
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treatments do not always provide adequate wellbeing and patients avoid the side-effect
profiles [5]. As an alternative to pharmaceutical treatment, physical activity has been used
extensively. Moreover, it has been found to be one of the most effective agents for symptom
reduction and wellbeing promotion [6-9]. The problem lies in the lack of adherence of FM
patients to long physical exercise programs, either because fatigue makes it impossible to
perform regular physical exercise or because the performance of physical exercise increases
perceived fatigue levels, which may create a vicious circle that is difficult to overcome.
However, due to the great diversity of symptoms in people diagnosed with fibromyalgia,
there is no consensus on what, how, and when physical activity should be performed [10].
Although aquatic exercise has classically been considered the most appropriate for reducing
inflammation and improving symptoms and quality of life [6,7], other current studies have
shown that strength training is one of the most effective methods for improving these health
patients [11-13] without focusing too much on daily cardiovascular health. In addition,
sedentary lifestyles predominate in this type of patient to avoid worsening of symptoms
and increased pain [9,14].

The examination of variations in the time intervals between heartbeats or heart rate
variability (HRV) is demonstrated to reveal significant indicators pertaining to cardiac
autonomic regulation [15]. The indices in consideration are deemed predictive of morbidity
and death due to their frequent alteration in individuals suffering from chronic degenerative
diseases [16]. HRV has been widely used as a tool for managing cardiovascular function in
different chronic diseases [17] and inflammatory markers in cardiovascular illness [18,19].

Cytokine-mediated inflammation and stress response are part of the FM
pathophysiology [6,20-23]. According to Tracey (2002) [24], there is also a connection be-
tween the brain, vagus nerve, and immune system called the “cholinergic anti-inflammatory
pathway”. For this reason, the study of the parasympathetic activity [19] is of great impor-
tance in the fibromyalgia condition, indicating that the study of biomarkers such as HRV
are crucial for the improvement of these patients.

It is important to open the debate about whether sedentary lifestyles cause fibromyal-
gia syndrome impairment or whether it is the fibromyalgia symptoms themselves that
favor sedentary behaviors. In this context, there is limited research on the study of heart
rate variability in people diagnosed with fibromyalgia. Therefore, the main objective of
this research was to determine whether heart rate variability is a good predictor of cardio-
vascular health in people diagnosed with fibromyalgia, as well as the influence of physical
activity levels and sedentary lifestyle on this chronic disease.

2. Materials and Methods
2.1. Participants

A total of 31 women participated in the study, of whom 21 were previously diagnosed
with fibromyalgia (FMG, fibromyalgia group) by a specialist rheumatologist or internal
medicine physician and 10 were healthy women of the same age range (HRG, healthy
reference group). Inclusion criteria included: (i) women between 40 and 67 years of age;
(ii) women diagnosed with FM (according to ACR diagnostic criteria) [25], and only the
FMG; and (iii) participants in the HR group should not have been diagnosed with any
inflammation or rheumatic disease. Participants were excluded if they: (i) were taking
any medication for cardiovascular health or any other medication that could alter the
results of the measurements. All FM participants belonged to a fibromyalgia association
EXISTIMOS ® in Badajoz, Extremadura (Spain). All participants were covered by the
Spanish national health care system. Table 1 shows the descriptive data of the participants.
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Table 1. Descriptive data of the participants.

Variable HRG FMG Statistical
(n =10) (n=21) Significance
Gender (%) Women (100%) Women (100%)
Age (years) 55.80 +£7.03 59.13 £8.23 p=0.276
BMI (kg/m?) 25.35 +2.48 28.60 + 5.24 p =0.087

BMI: body mass index; FMG: fibromyalgia group; HRG: healthy reference group. Results are shown as the
mean = standard deviation.

2.2. Procedures

Prior to the study, participants signed an informed consent form (registration number
13/2020), which had been approved beforehand by the University of Extremadura com-
mittee (no. reg. 73/2021), in compliance with the Council of Europe Directives and the
Declaration of Helsinki. The accelerometers were distributed one week before the mea-
surements, at the time of signing the consent form. Seven days later, heart rate variability
variables were measured, as well as perceived pain levels using a previously validated
questionnaire. Body composition measurements were recorded with the BIA Tanita DC-
360 digital scale (Tanita, Tokyo, Japan), with measurement frequencies between 6.25 kHz
and 50 kHz. The formula weight/height?, expressed in kg/m?, was used to compute
body mass index (BMI). All of the individuals were fasting, wearing light clothing, and
measured barefoot.

All participants attended the laboratory on the same day early in the morning so as not
to affect circadian rhythms. In addition, participants were asked not to consume caffeine
or alcohol for at least 12 h prior to the measurement or engage in intense exercise within
24 h prior to measurements. Participants were instructed to report if they had slept worse
than normal so that, in that case, the HRV measurement would be taken on a different day.
These controlling variables were controlled to avoid their direct effect on HRV.

2.3. Determination of Physical Activity Time and Sedentary Lifestyles through Accelerometry

The Actigraph wGT3X-BT, a small and lightweight accelerometer that measures move-
ment in three directions (4.6 cm x 3.3 cm x 1.5 cm, 19 g), was utilized in this study. The
device offered us relevant data on the time in minutes of sedentary behavior and about the
time and intensity of physical activity performed during those days of measurement (time
of light and moderate intensity—as for high intensity, there was no record). Participants
wore the accelerometer on their non-dominant wrist for seven consecutive days, except
during activities that could affect its performance, secured by an elastic band. The data
produced by the accelerometer were analyzed using Actilife 6 software, by ActiGraph,
LLC,, located in Pensacola, FL, USA.

2.4. Determination of Resting Heart Rate Variability Measurements

The subjects were left in the supine position for 10 min while the R-R intervals readings
were taken. To make sure that a resting heart rate was reached, only the last five minutes’
worth of data were examined. This 5 min period study is consistent with the methodology
outlined by Camm et al., 1996 [26]. The recording of R-R intervals was carried out utilizing
a Polar H7 pulse sensor from Polar Electro Ltd., based in Kempele, Finland. We used
the Kubios HRV 3.0 software to examine HRV variables. This program was also used to
apply filters in order to eliminate any artifacts that might have been present. The average
heart rate (HR), average R-R interval time in milliseconds (R-R), standard deviation of
R-R intervals (SDNN), and the root mean square of successive differences between R-R
intervals (RMSSD) were among the characteristics analyzed in the temporal domain.
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2.5. Determination of Perceived Pain Using the Brief Pain Inventory (BPI)

The brief pain inventory (BPI) is a questionnaire used as a generic pain questionnaire
for chronic pain conditions. There are two fundamental levels of pain: intensity and
interference with the patient’s regular activities. A higher perception of pain is closely
connected with higher scores (scales from 0, “no pain”, to 10, “the worst pain”). When used
in ordinary clinical practice settings, the Spanish version of the BPI has demonstrated its
validity (the internal consistency of the dimensions was good; pain dimension Cronbach’s
o coefficient = 0.87 and 0.89 for the dimension of interference in the activities) in assessing
pain severity and its effect on everyday activities [27].

2.6. Statistical Analysis

The statistical analysis was conducted using IBM statistics SPSS v20.0 program. The
data’s normality was confirmed using the Shapiro-Wilk test. To ascertain the impact of the
measurements on the result, an independent-samples Student’s ¢-test was utilized. The
significant level was considered when p < 0.05 and the values were reported as mean and
standard deviation. Effect size (ES) was calculated using Cohen’s d and interpreted as very
low (d < 0.2), low (0.2 < d < 0.5), medium (0.5 < d < 0.8), and high (d > 0.8).

3. Results

The results on physical activity and sedentary behaviors are shown in Table 2, ob-
serving statistically significant differences in the sedentary time between the FMG and
the HRG (p = 0.034). In addition, it can be seen that the time spent in moderate physical
activity in one week of measurement is greater in the healthy reference participants, being
statistically highly significant (p = 0.011), and this does not occur in the time spent in light
physical activity.

Table 2. Determination of physical activity levels and sedentary lifestyles in fibromyalgia and
healthy women.

HRG (n =10) FMG (n =21) Statistical S
Variable Mean SD Mean SD Significance
Sedentary 4238.28 576.70 4810.33 919.48 p=0034* 0.74
time (min)
Light physical 3064.00 529.48 3291.42 491.19 p=038 0.44
activity (min)
Moderate physical 1889.85 840.16 1067.42 541.58 p=0011* 1.16

activity (min)

ES: effect size; FMG: fibromyalgia group; HRG: healthy reference group; min: minutes. Results are shown as the
mean =+ standard deviation. * p < 0.05 compared to HRG.

According to the results of perceived pain (BPI), Figure 1 shows, as expected, that the
healthy reference group has statistically significantly lower levels of pain compared to the
group diagnosed with fibromyalgia (p = 0.007).

In reference to the results on the HRV variables (Table 3), it was observed that there
are no significant differences in heart rate but there are statistically significant differences
both in SDNN and RMSSD variables (p < 0.05), being lower in the FM group, indicating the
worse cardiovascular condition compared to the healthy reference group.
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Table 3. Determination of heart rate variability in fibromyalgia and healthy women.

HRG (n =10) FMG (n =21) Statistical
Variable Mean SD Mean SD Significance ES
R-R (ms) 825.91 120.59 812.18 83.19 p=0.78 0.13
SDNN (ms) 35.12 12.10 23.37 10.11 p=0.032*% 1.05
HR (bpm) 73.99 10.86 74.63 7.88 p=0.95 0.06
RMSSD (ms) 22.53 10.79 13.49 7.13 p =0.027 * 0.98
PNNS50 (%) 5.38 6.27 1.13 2.71 p=0.14 0.87

ES: effect size; FMG: fibromyalgia group; HRG: healthy reference group; HR: heart rate; SDNN: standard deviation
of consecutive R-R intervals; pNNb50: relative value of consecutive intervals that differ by more than 50 ms;
RMSSD: root mean square of successive differences of consecutive R-R intervals. Results are shown as the mean
+ standard deviation. * p < 0.05 compared to HRG.

10

% %

8

BPI Score

HRG FMG

Figure 1. Perceived levels of pain in women diagnosed with FM (FMG; n = 21) and healthy women
as a reference group (HRG; n = 10), using the brief pain inventory (BPI) questionnaire. Each column
represents the mean =+ SD of the BPI score determination in each group. ** p < 0.01 with respect to
the HRG.

4. Discussion

There is a large body of scientific evidence to suggest that exercise and physical activity
are key to improving symptoms in people diagnosed with FM [6,10,13,28], many of which
include reduction in pain, improvement in perceived levels of anxiety and depression, as
well as general quality of life [9,22,29]. However, FM women have relatively poor exercise
adherence rates and maintain more sedentary lifestyles compared to healthy women [30].
This occurs not only because of the exacerbation of symptoms but also because of the
contradicting advice concerning the activity these patients receive from the experts who
are part of their treatment team [31,32]. This coincides with our results, showing that,
together with higher pain levels, the group of women diagnosed with fibromyalgia have
higher levels of sedentary lifestyles and, as expected, lower levels of moderate-intensity
physical activity.

Medically unexplained symptoms of pain and bodily dysfunction, such as in fibromyal-
gia, are unresolved issues that predominate in primary care [33] and are very complex to
manage because the specific causes of the condition are not clear. In addition, the syndrome
is associated with other comorbidities such as metabolic disorders, functional somatic
syndromes, and mental disturbances [9,34,35]. Although pain is the main cause cited by
patients as having an impact on daily activities and quality of life, fatigue is reported as a
cause of difficulty in adhering to physical activity programmes. Nevertheless, to the best of
our knowledge, it is necessary to understand the potential presence of a vicious circle, in
which high levels of perceived fatigue prevent the performance of regular physical exercise
or physical exercise increases excessively perceived fatigue levels, all of this resulting in an
exacerbated sedentary behavior in FM patients.
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Sedentary behavior has also a variety of pathophysiological repercussions, including
cardiovascular and metabolic disorders [36]. In addition, immunoneuroendocrine disorders
(i.e., the interaction between stress and inflammatory responses) are clearly demonstrated
as part of the aetiology of the disease [6,20,22]. As the response to inflammation is also
related to the physiological regulation of the autonomous nervous system (ANS) [24], the
HRYV biomarker is of particular interest in this study.

Patients with autoimmune rheumatic disease can experience cardiovascular and neu-
rological symptoms [37]. Over time, autonomic dysfunction has been reported in a variety
of disorders, including irritable bowel syndrome [38,39], chronic fatigue syndrome, and
migraine headaches [40], these being frequent symptoms in people diagnosed with FM.
Several studies have examined autonomic nervous balance in fibromyalgia patients [41,42].
Fibromyalgia patients experience a disruption in their normal circadian rhythms and ex-
hibit a constant hyperactivity of the sympathetic nervous system throughout the day [43].
However, these people also have a reduced sympathetic nervous system response to stress,
which could explain the severe fatigue, morning stiffness, and other problems associated
with hypotension. Other symptoms of fibromyalgia, such as anxiety, numbness in the limbs,
urinary problems, and irritable bowel syndrome, may also be caused by this dysfunction of
the autonomic nervous system [37].

Furthermore, it has been demonstrated that more variance between consecutive
waves correlates with increased parasympathetic activity, indicating a better cardiovascular
health [44]. This is in line with our results showing that the FMG has a statistically signifi-
cant lower heart rate variability, indicating a decrease in parasympathetic activity-related
cardiovascular health in these patients. These results are consistent with previous investi-
gations stating that FM patients also have lower total heart rate variability (HRV) during
short [45] and long (24 h) periods [46].

The variable SDNN shows the long-term variations of R-R waves and lower values on
this variable are a proof of a higher stability on the heartbeat behavior [15]. Even though
the HR was not changing between groups, the long-term variations of R-R intervals in
the FMG group show that this group suffers from this cardiac impairment. Whatever the
direction of the cause, sedentarism-based fibromyalgia or fibromyalgia-based sedentarism,
this impairment is objective in this illness group compared to healthy population.

Furthermore, the reduction in RMSSD in the FMG group supports the above-mentioned
fact. The RMSSD of consecutive R-R intervals is shown to be a descriptor of instantaneous
variations on cardiac behavior, thus, reductions in this variable are symptoms of abun-
dant steady rhythm which are commonly associated to worse performance of biological
systems [47]. As described for SDNN, independent of which the cause may be, fibromyal-
gia associated to sedentarism or sedentarism associated to fibromyalgia shows an obvious
impairment on cardiac health.

It is worth noting that these types of changes are not observed in traditional HR
analysis, with no differences between groups, whereas HRV analysis has been shown to
allow a more in-depth observation of the real behavior of the heartbeat and can be a very
useful tool, especially in people with chronic diseases.

This study has limitations, including the small number of participants. Addition-
ally, HRV was only determined once. Future research could perform consecutive HRV
measurements to investigate correlations and obtain more accurate results.

5. Conclusions

The main finding of this research was that women with fibromyalgia do not show
different values on heart rate compared to healthy women. These findings could lead to
assume that patients presenting this illness do not suffer from cardiac impairment due to
physiological changes provoked by this situation. However, analyzing heartbeat behavior
more deeply, women presenting this situation do show a significant impairment in cardiac
modulation seen in both SDNN and RMSSD.
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Heart rate variability is a reliable and affordable method of assessing pain-related
sedentary behavior associated with parasympathetic activity in cardiovascular health [15].
Therefore, its use in a population diagnosed with fibromyalgia could be very relevant for
prevention and health improvement. Furthermore, the aim of this study is to create a
debate about whether a sedentary lifestyle can be one of the major causes of the onset of
fibromyalgia syndrome, among others; or if, on the contrary, it is the symptoms that this
condition entails (pain, fatigue, stress, and depression) that cause a less active life. Here
is the question: which came first, the chicken or the egg? What is clear is that this type of
patient needs to lead an active life, with exercise programs adapted to their needs and to
achieve adherence that has a long-term objective and not just for a limited period of time.

It is crucial to investigate which forms of physical activity may be beneficial in im-
proving symptoms and preventing the onset of fibromyalgia and the use of HRV as a
complementary tool to assess it could be very useful.

Author Contributions: Conceptualization, E.O. (Eduardo Ortega), O.A.-A. and C.D.Q.-C.; methodol-
ogy, E.O. (Eduardo Otero), O.A.-A., E.O. (Eduardo Ortega) and C.D.Q.-C.; formal analysis,
E.O. (Eduardo Otero) and C.D.Q.-C.; investigation, O.A.-A., E.O. (Eduardo Ortega), C.D.Q.-C. and
E.O. (Eduardo Otero); writing—original draft preparation, C.D.Q.-C., O.A.-A. and E.O. (Eduardo
Otero); writing—review and editing, O.A.-A., C.D.Q.-C. and E.O. (Eduardo Ortega); supervision,
E.O. (Eduardo Ortega); project administration, E.O. (Eduardo Ortega); funding acquisition, E.O.
(Eduardo Ortega). All authors have read and agreed to the published version of the manuscript.

Funding: This research was partially funded by the Gobierno de Extremadura-Fondo Europeo de
Desarrollo Regional, Spain (GR21079).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Bioethics Committee of the University of Extremadura, Spain
(no. reg. 73/2021, 09/06/2021).

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: The raw data supporting the conclusions of the manuscript will be
made available by the authors, without undue reservation, to any qualified researcher.

Acknowledgments: We are grateful to the associations of fibromyalgia belonging to the community of
Extremadura: EXISTIMOS® (Badajoz, Spain). This study is part of a national research stay conceded
by the Catholic University of Murcia to Carmen Daniela Quero-Calero carried out at the University
of Extremadura.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Bair, M.].; Krebs, E.E. Fibromyalgia. Ann. Intern. Med. 2020, 172, ITC33-ITC48. [CrossRef] [PubMed]

2. Arnold, LM,; Choy, E.; Clauw, D.]J.; Goldenberg, D.L.; Harris, R.E.; Helfenstein Jr, M.; Jensen, T.S.; Noguchi, K.; Silverman, S.L.;
Ushida, T. Fibromyalgia and Chronic Pain Syndromes: A White Paper Detailing Current Challenges in the Field. Clin. |. Pain
2016, 32, 737. [CrossRef] [PubMed]

3. Marques, A.P,; de Sousa do Espirito Santo, A.; Berssaneti, A.A.; Matsutani, L.A.; Yuan, S.L.K. Prevalence of Fibromyalgia:
Literature Review Update. Rev. Bras. Reumatol. 2017, 57, 356-363. [CrossRef]

4. Laroche, F. Fibromyalgia. Rev. Prat. 2019, 69, 649-651. [PubMed]

5. Kocyigit, B.E; Akyol, A. Fibromyalgia Syndrome: Epidemiology, Diagnosis and Treatment. Reumatologia 2022, 60, 413. [CrossRef]
[PubMed]

6. Ortega, E.; Garcia, ].J.; Bote, M.E.; Martin-Cordero, L.; Escalante, Y.; Saavedra, ].M.; Northoff, H.; Giraldo, E. Exercise in
Fibromyalgia and Related Inflammatory Disorders: Known Effects and Unknown Chances. Exerc. Immunol. Rev. 2009, 15, 42-65.

7.  Bote, M.E,; Garcia, ].J.; Hinchado, M.D.; Ortega, E. An Exploratory Study of the Effect of Regular Aquatic Exercise on the
Function of Neutrophils from Women with Fibromyalgia: Role of IL-8 and Noradrenaline. Brain Behav. Immun. 2014, 39, 107-112.
[CrossRef]

8.  Andrade, A.; Dominski, EH. Infographic. Effects of Exercise in Patients with Fibromyalgia: An Umbrella Review. Br. J. Sports
Med. 2020. [CrossRef]


https://doi.org/10.7326/AITC202003030
https://www.ncbi.nlm.nih.gov/pubmed/32120395
https://doi.org/10.1097/AJP.0000000000000354
https://www.ncbi.nlm.nih.gov/pubmed/27022674
https://doi.org/10.1016/j.rbr.2016.10.004
https://www.ncbi.nlm.nih.gov/pubmed/31626427
https://doi.org/10.5114/reum.2022.123671
https://www.ncbi.nlm.nih.gov/pubmed/36683836
https://doi.org/10.1016/j.bbi.2013.11.009
https://doi.org/10.1136/bjsports-2020-102330

Appl. Sci. 2024, 14, 2357 8 of9

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hinchado, M.D,; Otero, E.; Navarro, M.d.C.; Martin-Cordero, L.; Galvez, I; Ortega, E. Influence of Codiagnosis of Chronic Fatigue
Syndrome and Habitual Physical Exercise on the Psychological Status and Quality of Life of Patients with Fibromyalgia. J. Clin.
Med. 2022, 11, 5735. [CrossRef]

Masquelier, E.; D’haeyere, J. Physical Activity in the Treatment of Fibromyalgia. Jt. Bone Spine 2021, 88, 105202. [CrossRef]
Andrade, A; Steffens, R.d.A K,; Grisard, F; de Liz, C.M.; Brandt, R.; Coimbra, D.R.; Bevilacqua, G.G. Strength Training in Patients
with Fibromyalgia: A Feasibility Study. Rev. Bras. Med. Esporte 2022, 29, e176543. [CrossRef]

Maestre-Cascales, C.; Castillo-Paredes, A.; Romero-Parra, N.; Adsuar, ].C.; Carlos-Vivas, J. Gradual Strength Training Improves
Sleep Quality, Physical Function and Pain in Women with Fibromyalgia. Int. ]. Environ. Res. Public Health 2022, 19, 15662.
[CrossRef] [PubMed]

Albuquerque, M.L.L.; Monteiro, D.; Alvarez, M.C.; Vilarino, G.T.; Andrade, A.; Neiva, H.P. Effects of Strength Training in
Fibromyalgia on Balance, Neuromuscular Performance, and Symptomatic Analysis: A 12-Week Study Protocol. Front. Neurol.
2023, 14, 1149268. [CrossRef] [PubMed]

Gutiérrez, L.; Ecija, C.; Catald, P; Pefiacoba, C. Sedentary Behavior and Pain after Physical Activity in Women with Fibromyalgia—
The Influence of Pain-Avoidance Goals and Catastrophizing. Biomedicines 2023, 11, 154. [CrossRef]

Abellan-Aynés, O.; Manonelles, P.; Alacid, F. Cardiac Parasympathetic Withdrawal and Sympathetic Activity: Effect of Heat
Exposure on Heart Rate Variability. Int. . Environ. Res. Public Health 2021, 18, 5934. [CrossRef]

Souza, H.C.D,; Philbois, S.V.; Veiga, A.C.; Aguilar, B.A. Heart Rate Variability and Cardiovascular Fitness: What We Know so Far.
Vasc. Health Risk Manag. 2021, 17, 701-711. [CrossRef]

Andreu-Caravaca, L.; Ramos-Campo, D.J.; Abellan-Aynes, O.; Avila-Gandia, V.; Chung, L.H.; Manonelles, P.; Rubio-Arias, J.A.
10-Weeks of Resistance Training Improves Sleep Quality and Cardiac Autonomic Control in Persons with Multiple Sclerosis.
Disabil. Rehabil. 2022, 44, 5241-5249. [CrossRef]

Reynders, T.; Gidron, Y.; De Ville, J.; Bjerke, M.; Weets, I.; Van Remoortel, A.; Devolder, L.; D’haeseleer, M.; De Keyser, J.;
Nagels, G. Relation between Heart Rate Variability and Disease Course in Multiple Sclerosis. J. Clin. Med. 2020, 9, 3. [CrossRef]
Haensel, A.; Mills, PJ.; Nelesen, R.A.; Ziegler, M.G.; Dimsdale, J.E. The Relationship between Heart Rate Variability and
Inflammatory Markers in Cardiovascular Diseases. Psychoneuroendocrinology 2008, 33, 1305-1312. [CrossRef]

Bote, M.E.; Garcia, J.J.; Hinchado, M.D.; Ortega, E. Inflammatory /Stress Feedback Dysregulation in Women with Fibromyalgia.
Neuroimmunomodulation 2012, 19, 343-351. [CrossRef]

Garcia, ].J.; Cidoncha, A.; Bote, M.E.; Hinchado, M.D.; Ortega, E. Altered Profile of Chemokines in Fibromyalgia Patients. Ann.
Clin. Biochem. 2014, 51, 576-581. [CrossRef] [PubMed]

Otero, E.; Galvez, I; Ortega, E.; Hinchado, M.D. Influence of Chronic Fatigue Syndrome Codiagnosis on the Relationship between
Perceived and Objective Psychoneuro-Immunoendocrine Disorders in Women with Fibromyalgia. Biomedicines 2023, 11, 1488.
[CrossRef]

Hinchado, M.D.; Quero-Calero, C.D.; Otero, E.; Gélvez, I.; Ortega, E. Synbiotic Supplementation Improves Quality of Life and
Inmunoneuroendocrine Response in Patients with Fibromyalgia: Influence of Codiagnosis with Chronic Fatigue Syndrome.
Nutrients 2023, 15, 1591. [CrossRef] [PubMed]

Tracey, K.J. The Inflammatory Reflex. Nature 2002, 420, 853-859. [CrossRef] [PubMed]

Wolfe, F,; Clauw, D.J.; Fitzcharles, M.-A.; Goldenberg, D.L.; Hauser, W.; Katz, R.L.; Mease, PJ.; Russell, A.S.; Russell, L.].; Walitt, B.
2016 Revisions to the 2010/2011 Fibromyalgia Diagnostic Criteria. In Seminars in Arthritis and Rheumatism; Elsevier: Amsterdam,
The Netherlands, 2016; Volume 46, pp. 319-329.

Camm, A.; Malik, M.; Bigger, ].; Breithardt, G.; Cerutti, S.; Cohen, R.; Coumel, P; Fallen, E.; Kennedy, H.; Kleiger, R.E. Heart
Rate Variability: Standards of Measurement, Physiological Interpretation and Clinical Use. Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology. Circulation 1996, 93, 1043-1065.

Mendoza, T.R.; Wang, X.S.; Cleeland, C.S.; Morrissey, M.; Johnson, B.A.; Wendt, ] K.; Huber, S.L. The Rapid Assessment of Fatigue
Severity in Cancer Patients: Use of the Brief Fatigue Inventory. Cancer 1999, 85, 1186-1196. [CrossRef]

Couto, N.; Monteiro, D.; Cid, L.; Bento, T. Effect of Different Types of Exercise in Adult Subjects with Fibromyalgia: A Systematic
Review and Meta-Analysis of Randomised Clinical Trials. Sci. Rep. 2022, 12, 10391. [CrossRef]

Gandhi, N.; DePauw, K.P; Dolny, D.G.; Freson, T. Effect of an Exercise Program on Quality of Life of Women with Fibromyalgia.
Women Ther. 2002, 25, 91-103. [CrossRef]

Mcloughlin, M.].; Colbert, L.H.; Stegner, A.].; Cook, D.B. Are Women with Fibromyalgia Less Physically Active than Healthy
Women? Med. Sci. Sports Exerc. 2011, 43, 905. [CrossRef]

Rooks, D.S. Talking to Patients with Fibromyalgia about Physical Activity and Exercise. Curr. Opin. Rheumatol. 2008, 20, 208-212.
[CrossRef]

Héuser, W.; Klose, P.; Langhorst, J.; Moradi, B.; Steinbach, M.; Schiltenwolf, M.; Busch, A. Efficacy of Different Types of Aerobic
Exercise in Fibromyalgia Syndrome: A Systematic Review and Meta-Analysis of Randomised Controlled Trials. Arthritis Res.
Ther. 2010, 12, R79. [CrossRef]

Henningsen, P.; Zimmermann, T.; Sattel, H. Medically Unexplained Physical Symptoms, Anxiety, and Depression: A Meta-
Analytic Review. Psychosom. Med. 2003, 65, 528-533. [CrossRef] [PubMed]

Lichtenstein, A.; Tiosano, S.; Amital, H. The Complexities of Fibromyalgia and Its Comorbidities. Curr. Opin. Rheumatol. 2018,
30, 94-100. [CrossRef] [PubMed]


https://doi.org/10.3390/jcm11195735
https://doi.org/10.1016/j.jbspin.2021.105202
https://doi.org/10.1590/1517-869220232901176543
https://doi.org/10.3390/ijerph192315662
https://www.ncbi.nlm.nih.gov/pubmed/36497737
https://doi.org/10.3389/fneur.2023.1149268
https://www.ncbi.nlm.nih.gov/pubmed/37188309
https://doi.org/10.3390/biomedicines11010154
https://doi.org/10.3390/ijerph18115934
https://doi.org/10.2147/VHRM.S279322
https://doi.org/10.1080/09638288.2021.1934738
https://doi.org/10.3390/jcm9010003
https://doi.org/10.1016/j.psyneuen.2008.08.007
https://doi.org/10.1159/000341664
https://doi.org/10.1177/0004563213506413
https://www.ncbi.nlm.nih.gov/pubmed/24106344
https://doi.org/10.3390/biomedicines11051488
https://doi.org/10.3390/nu15071591
https://www.ncbi.nlm.nih.gov/pubmed/37049432
https://doi.org/10.1038/nature01321
https://www.ncbi.nlm.nih.gov/pubmed/12490958
https://doi.org/10.1002/(SICI)1097-0142(19990301)85:5%3C1186::AID-CNCR24%3E3.0.CO;2-N
https://doi.org/10.1038/s41598-022-14213-x
https://doi.org/10.1300/J015v25n02_07
https://doi.org/10.1249/MSS.0b013e3181fca1ea
https://doi.org/10.1097/BOR.0b013e3282f5687a
https://doi.org/10.1186/ar3002
https://doi.org/10.1097/01.PSY.0000075977.90337.E7
https://www.ncbi.nlm.nih.gov/pubmed/12883101
https://doi.org/10.1097/BOR.0000000000000464
https://www.ncbi.nlm.nih.gov/pubmed/29040155

Appl. Sci. 2024, 14, 2357 90f9

35.

36.
37.

38.
39.

40.

41.
42.

43.

44.

45.

46.

47.

Wolfe, F,; Ablin, J.; Guymer, E.K; Littlejohn, G.O.; Rasker, J.J. The Relation of Physical Comorbidity and Multimorbidity to
Fibromyalgia, Widespread Pain, and Fibromyalgia-Related Variables. |. Rheumatol. 2020, 47, 624—631. [CrossRef] [PubMed]
Rodulfo, ].I.A. Sedentarism, a Disease from Xxi Century. Clin. Investig. Arterioscler. 2019, 31, 233-240.

Stojanovich, L. Autonomic Dysfunction in Autoimmune Rheumatic Disease. Autoimmun. Rev. 2009, 8, 569-572. [CrossRef]
[PubMed]

Tougas, G. The Autonomic Nervous System in Functional Bowel Disorders. Gut 2000, 47, iv78-iv80. [CrossRef]

Waring, W.S.; Chui, M.; Japp, A.; Nicol, E.F,; Ford, M.J. Autonomic Cardiovascular Responses Are Impaired in Women with
Irritable Bowel Syndrome. J. Clin. Gastroenterol. 2004, 38, 658—663. [CrossRef]

Pogacnik, T.; Sega, S.; Pecnik, B.; Kiauta, T. Autonomic Function Testing in Patients with Migraine. Headache |. Head Face Pain
1993, 33, 545-550. [CrossRef]

Mravec, B. Autonomic Dysfunction in Autoimmune Diseases: Consequence or Cause? Lupus 2007, 16, 767. [CrossRef]
Martinez-Lavin, M.; Hermosillo, A.G. Autonomic Nervous System Dysfunction May Explain the Multisystem Features of
Fibromyalgia. In Seminars in Arthritis and Rheumatism; WB Saunders: Philadelphia, PA, USA, 2000; Volume 29, pp. 197-199.
Lazzerini, PE.; Capecchi, PL.; Guideri, F.; Acampa, M.; Galeazzi, M.; Pasini, F.L. Connective Tissue Diseases and Cardiac Rhythm
Disorders: An Overview. Autoimmun. Rev. 2006, 5, 306-313. [CrossRef] [PubMed]

Thomas, B.L.; Claassen, N.; Becker, P; Viljoen, M. Validity of Commonly Used Heart Rate Variability Markers of Autonomic
Nervous System Function. Neuropsychobiology 2019, 78, 14-26. [CrossRef] [PubMed]

Cohen, H.; Neumann, L.; Shore, M.; Amir, M.; Cassuto, Y.; Buskila, D. Autonomic Dysfunction in Patients with Fibromyalgia:
Application of Power Spectral Analysis of Heart Rate Variability. In Seminars in Arthritis and Rheumatism; Elsevier: Amsterdam,
The Netherlands, 2000; Volume 29, pp. 217-227.

Martinez-Lavin, M.; Hermosillo, A.G.; Rosas, M.; Soto, M. Circadian Studies of Autonomic Nervous Balance in Patients with
Fibromyalgia: A Heart Rate Variability Analysis. Arthritis Rheum. Off. ]. Am. Coll. Rheumatol. 1998, 41, 1966-1971. [CrossRef]
Vanderlei, L.C.M.; Pastre, C.M.; Hoshi, R.A.; de Carvalho, T.D.; de Godoy, M.F. Basic Notions of Heart Rate Variability and Its
Clinical Applicability. Braz. J. Cardiovasc. Surg. 2009, 24, 205-217. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3899/jrheum.190149
https://www.ncbi.nlm.nih.gov/pubmed/31371651
https://doi.org/10.1016/j.autrev.2009.01.018
https://www.ncbi.nlm.nih.gov/pubmed/19393212
https://doi.org/10.1136/gut.47.suppl_4.iv78
https://doi.org/10.1097/01.mcg.0000135362.35665.49
https://doi.org/10.1111/j.1526-4610.1993.hed3310545.x
https://doi.org/10.1177/0961203307081843
https://doi.org/10.1016/j.autrev.2005.11.002
https://www.ncbi.nlm.nih.gov/pubmed/16782554
https://doi.org/10.1159/000495519
https://www.ncbi.nlm.nih.gov/pubmed/30721903
https://doi.org/10.1002/1529-0131(199811)41:11%3C1966::AID-ART11%3E3.0.CO;2-O
https://doi.org/10.1590/S0102-76382009000200018

	Introduction 
	Materials and Methods 
	Participants 
	Procedures 
	Determination of Physical Activity Time and Sedentary Lifestyles through Accelerometry 
	Determination of Resting Heart Rate Variability Measurements 
	Determination of Perceived Pain Using the Brief Pain Inventory (BPI) 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

